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CORRELATION AND THE AGGREGATION OF UNPAID 
LOSS DISTRIBUTIONS 

PAUL BREHM, FCAS, MAAA 

Abstract 
Significant progress has been made in the last decade in developing models to describe 
the distribution of  unpaid losses for a line of  insurance. Line-by-line distributions must 
be aggregated, however, in order to address company-wide issues such as enterprise 
risk, capital requirements, fair value, and more. 

Using U.S. industry commercial lines data, this paper uses Zehnwirth 's method to 
produce distributions o f  unpaid losses by line o f  insurance and Wang "s standard normal 
copula method of  aggregating correlated risk portfolios to create aggregate distributions 
o f  unpaid losses. In doing so, a methodology for direct estimation of  correlations 
between lines is proposed. 

1. M O D E L  OF UNPAID LOSSES 1 

Means. Actuarial loss reserving training is focused on getting a decent estimate of the 
mean of  the unl)aid loss and loss expense liability. Witness the CAS syllabus does not 
contain one reading concerning models for unpaid losses that reflect the stochastic nature 
of  unpaid losses, producing distributions, or confidence intervals. Perhaps that's fair: it 
is certainly necessary to get the mean right. It 's necessary, but not sufficient. 

ASOP 36 speaks of"materiality," "ranges of  reasonable estimates," "adverse deviations," 
and "risk margins." Statutory codification refers to "best estimates" and "risk based 
capital." The IASB speaks of"fair  value liabilities." All of these concepts have a 
common element: they require a view of  the higher moments of  an unpaid loss 
distribution. We are, after all, in the business of  risk, and to truly understand the risk 
associated with a portfolio of loss reserves the actuary must have a view about the 
distribution of  unpaid losses, not just the mean. 

Higher moments. A number of methodologies have been proposed to produce 
confidence intervals about a mean reserve estimate, or alternatively, produce an estimated 
distribution of  unpaid losses. In particular the 1994 call paper program on the variability 
of  loss reserves and subsequent papers published some truly landmark methodologies: 
Halliwell [9], Holmberg [10], Mack [12], Murphy [15], Verall [20], and Zehnwirth [24] 
just to name a few. While each model has its strengths and weaknesses, this paper 

Throughout this paper the term "loss" is used to refer to all loss and defense costs and adjusters fees (the 
old allocated loss adjustment expenses) for simplicity. 



applies Zehnwirth's model to industry Schedule P data to illustrate the estimation of a 
distribution of unpaid losses. 

Zehnwir th  example. The data used in the following example was taken from the U.S. 
total industry 2000 Schedule P as compiled by A.M. Best'. Commercial lines, excluding 
excess of loss reinsurance lines, were analyzed. Data was grouped into six lines 
(commercial auto, workers' compensation, commercial multi-peril, medical malpractice, 
all other liability, and all other 3) in an attempt to minimize detail. 

The industry (non-medical) liability triangle will be used to illustrate Zehnwirth's 
modeling framework. Graph 1.1 shows the cumulative development by accident year for 
these data~ 
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Zehnwirth's model can be characterized by the following algorithm. 

1. Start with a cumulative paid loss data triangle (illustrated above). 
2. Calculate an incremental paid triangle. 
3. Inflation adjust the incremental palds, if  desired. 
4. Preferably divide each incremental paid by exposure, or in the absence of 

exposure as with industry data, by earned premium. 
5. Calculate the natural logs of the incremental ratios in step #4. 

2 The 1990 accident year was included, too, at least through year-end 1999, from the 1999 report. Current 
reserves for the 1999 accident year were estimated by running offa portion of those carried at year-end 
1999. 
The 'all-other' - principally short tailed - triangle was created by subtracting each reported line triangle 

(including homeowners and private passenger auto liability) from the total, all-lines triangle. This does not 
yield a pure short tailed commercial lines triangle. The triangle will still include personal auto physical 
damage and inland marine floaters. This triangle was included anyway, for illustrative purposes. 



6. Model the log incremental paid ratios with a regression model, incorporating 
dummy variables for the accident year, development year, and calendar year 
dimensions of the triangle. 

Focus is on paid data because logs are used on the incremental ratios. Since the 
increments cannot be negative, downward development is problematic. In fact, even paid 
• data can present a problem in lines wbere negative incremental paids ate common (e.g., 
surety). 

Graph 1.2 shows the transformed triangle for the cumulative data in Graph I. I: the log of 
incremental paid losses to net earned premium. The data was not inflation adjusted, but 
could be without loss of generality. 

Graph 1.2 
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Zehnwitth's model describes the above data patterns with parameters for the accident 
year ("i") dimension ((zi, which are essentially the vertical leveling of the accident year), 
the development year ("j") dimension Q/j, which actuaries would call the incremental 
payout pattern), and the calendar year (i+j) dimension (tij, which would represent some 
sort of calendar period distortion not otherwise picked up by the parameters in the other 
two dimensions, e.g., a shiR in inflation or a change in the claims department). The 
parameterization is such that tail development is already calculated as part of the assumed 
exponential decay by the last fitted 7. The general formula, then, looks as follows. For 
the log incremental paid ratio for accident year i and development period j: 

Yij = (~i + ~Jk=lYk "1" ~i+Jt=lt t -I" £;ij I.I 



In essence, Zehnwirth's model describes the log of each incremental payment ratio by the 
combination of three vectors, one each for the accident year, the development period, and 
the calendar year. 

The regression model (1.1) assumes that the e will be normally distributed. Thus, each 
estimated incremental payment, when transformed back into dollars, will be distributed 
logormally. Since the distribution of the sum of lognormals is not a simple closed form 
distribution, the aggregate unpaid loss must be simulated in a conditional simulation 
using formula 1.1 above. 

Graph 1.3 shows the simulated CDF for the industry liability unpaid losses. A lognormal 
curve was fit to the simulated distribution using a simple method-of-moments fit. Despite 
the fact that the sum of lognormals theoretically isn't lognormal, a lognormal curve fits 
the data well. 

Graph 1,3 
Industry Commercial Liability Unpaid Loss CDF 
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Loss triangles for each commercial line were modeled as above. Distributions were 
estimated using conditional simulations with formula 1.1. As with the liability example, 
lognormal models were fit to each distribution with good results. Table 1.1 below 
summarizes the results. 



Commercial Auto [C] 
Work Comp. [D l 

CMP [~] 
M~ Mal [F] 

Liability [H,R l 
All Other 

Table 1.1 

U.S. Industry Commercial Llnes Reserves 1990-2000 
Model 
Unmid 

23,008 
66,535 
27,734 
26,098 
64,950 
26r254 

234,579 

Industry Reduodaney Logn~mal Perameters 
Carried /(Deficimcv) % tile tt 

18,911 (4,097) 0.0% 3.135 0.032 
60,597 (5,938) 15.8% 4.194 0.089 
24,753 (2,981) 0.0% 3.322 0.018 
19,478 (6,620) 0.0% 3.261 0.032 
50,148 (14,802) 0.0% 4.173 0.045 
24.578 (1~676) 27.0% 3.263 0.099 

198,465 (36,114) [ ' - " v - - q  I ? I ? I 

Table 1.1 highlights the central issue addressed in this paper. While estimating the 
distributions o f  unpaid losses by line is an important advance in actuarial science, the 
actuary is still ill equipped to estimate the distribution o f  unpaid losses for the entire 
portfolio. 

We could apply the Zehnwirth model to an industry total, all lines triangle and get both a 
mean  result and an associated distribution. As actuaries, we bristle at the thought: the 
lack o f  bomogeneity in such a triangle would surely distort our ability to get the mean 
unpaid loss estimate correct. So, we model unpaid losses in more homogenous, hopefully 
still credible, segments. Line-by-line we can calculate the mean unpaid loss and its 
distribution, but now we have lost the ability to calculate a simple closed form 
distribution for the aggregate unpaid loss reserve requirement. We cannot fill in the 
empty boxes in Table 1.1 without a methodology for aggregating correlated distributions. 
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2. A G G R E G A T E  D I S T R I B U T I O N S  

Corre la t ions .  Methods exist for aggregating distributions, but  the correlations between 
the distributions are always the critical component. Actuaries seem to appreciate the 
potentially profound impact correlations have on required economic capital, capital 
allocations or risk loads, reinsurance buying, etc., but very little is written about it 4. 

Polar cases o f  correlations are simple and illustrative. For example,  given marginal 
distributions o f  unpaid losses for two lines o f  business,  an aggregate distribution can be 
easily created i f  one assumes the correlation is -1 ,  0, or 1 between the lines. I f  
correlation is 0, one could simulate an amount  from each o f  the distributions and simply 
add the two numbers  together. If  the correlation is 1, amounts  are simulated for each 
distribution, sorted, and matched up from smallest to largest, and then added together (for 
-1  match opposite rank orders). Alternatively, an aggregate distribution can be 
computed in closed form with a simple varianc~-covariance matrix and an assumption 
regarding functional form. 

As  a basis, the marginal lognormal distributions shown in Table 1.1 were aggregated in 
just  such manners  for the polar cases o f  no correlation and perfect correlation. The 
results are shown in graph 2.1 below. 

Gmpll 2.1 
A g g m g m  Unpaid L o ~  D~Mbu l I o~  
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4 Wang [22] mentions a constant correlating factor for unpaid losses in an appendix. Myers [23] discussion 
of Wang illustrates the incorporation of correlation into the calculation of aggregate loss distributions in a 
collective risk theory framework. The conelation pamn~ter behaves much like the contagion parameter of 
the collective risk model. Frequency is the con'elating factor between lines. 

In conversations with Todd Banlt, he has hypothesized a model of correlation wherein correlation behaves 
as a scaling factor. His argument goes something like this: if you believe that everything is correlated to 
the whole, then the larger the line, the higher the correlation. Chris Gross has offered a s'nnilar model, one 
where there exists a correlation within a line of subsets of that line (e.g., a new account). While currently 
unpublished, I think these views have some merit and should be explored. 

The public access DFA model [5] addresses correlations in unpaid losses by essentially injecting them into 
future loss payments. Simple linear models are used to describe line of business loss cost inflation as a 
fimction of the CPI. Thus all lines are correlated with each other since they are based on the CPl. This 
correlating inflation is applied in the accident year dimension. 



Graph 2.1 clearly shows the importance o f  correlation assumptions in computing an 
aggregate distribution - not for the mean - but for the risk component. I f  the industry 
were required to hold capital to, say, the 99.9 th percentile over carried reserves, required 
economic capital would be roughly $60 billion for the uncorrelated case and over $80 
billion for the perfectly correlated case. 

Correlations are likely not zero or one. Nor are we typically dealing with only two lines. 
For correlations other than the polar values, or for more than two lines, mixing 
distributions is no longer so simple. 

Measur ing  correlations.  The single biggest source o f  risk in an unpaid loss portfolio is 
arguably the potential distortions that can affect all open accident years, i.e., changes in 
calendar year trends. Such a distortion could be a social inflation, say in court judgments, 
that affect all open claims (subsequent incremental payments) at once. In Zehnwirth 's  
model, this is saying that the future t0's turn out to be much different than predicted and 
reserved for. 

Our line-by-line distributions reflect the calendar year inflation risk, since tij is a 
statistical estimate and has an associated variability that is incorporated into the 
conditional simulations. But what happens i f a  calendar year distortion affects more than 
one triangle simultaneously?. This is the sort o f  thing that keeps chief  actuaries awake at 
nights: the fear that a systematic distortion will affect multiple lines, in the same (bad) 
direction all at once. 

Having modeled a number o f  lines o f  business, we have a vector o f  calendar period trend 
parameters, tij, for each line. By measuring the line-by-line correlations between these 
ldstoric parameters, we can estimate a correlation matrix for calendar period movements. 
The estimated calendar year parameters and associated correlation matrix from this 
exercise are shown below 5. 

s It's worth mentioning correlation measures that don't work for the purposes of unpaid loss distrt~entions. 
Correlations in future unpaid losses cannot be calculated by looking at time series of loss ratios. Historic 
loss ratios are typically highly correlated because ofcyclicai pricing impacts in the denominator of the loss 
ratio. For loss reserving purposes pricing induced correlations do not matter. Furthermore, con'elations in 
the numerator of a loss ratio, if measured at an ultimate value are suspect depending on methodology. If, 
for example, two lines are developed to ultimate using the Bornhuetter-Ferguson methodology with the 
same or similar seed loss ratios, correlation is actually injected into the "data." 
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Figure 2.1 
Calendar  Period Inflation Parameter Estimates (tu) 

Conunercial Work 
Auto Comp. CMP Mod Mal Liability 
[C] IV] IE] [F] [H, R] Other 

199%1992 9.18% 3 . 7 0 %  -5.96% 0.00% 0.00% 0.00% 
1992-1993 5.09% 3.70% 2.67% 0.00% 0.00% 0.00% 
1993-1994 5.09% 3.70% 2.67% 0.00% 0.00% 0.00% 
1994-1995 5.00% 3 .70% -3.29% 0.00% 0.00% 0.00% 
1995-1996 5.09% 3 .70% -3.29% 0.00% 0.00% 0.00% 
1996-1997 2.70% 3 . 7 0 %  -3 .29% -5.64% 0.00% 0.00% 
1997-1998 2.70% 10.24% -3.29% 6.06% -3.25% 0.00% 
1998-1999 5.74% 0 . 0 0 %  -3.29% 6.06% 5.34% 0.00% 
1999-2000 5.74% 15.05% -3.29% 6.06% 5.34% 5.01% 

Correlation in the historical calendar year inflation trends is evident by inspection of  the 
above table. While not uniformly true, it is apparent that inflation is low and remarkably 
stable through out the middle~90's. Inflation even inexplicably declines in some lines in 
or near 1996. Finally, there seems to be cvidance that inflation aecelorates some time in 
1998 or 1999. 

To compute the correlation matrix from the above table, simply calculate all pair-wise 
correlations between the lines of business. In Excel, for the correlation between auto and 
work comp for example, this would be the formula: =correl(AUTO, COMP). These 
calculations were made and are shown below in Figure 2.2. 

Figure 2.2 
Correlation Matrix 
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The average correlation across all values is 0.16 (ignoring the diagonal of  the correlation 
matrix). While fairly small, it is obviously the result of offsetting negative and positive 
values. The above matrix was accepted as-is in further examples below, but could be 
judgmentally amended to cap correlations at a certain level, set small (statistically 
insignificant) correlations to zero, or to erase correlations that lack an intuitive reason for 
being. No consideration was given to statistical significance, but this may be a fruitful 
area for future research. 



This methodology providas a simple and practical method to measure correlations of 
unpaid losses between lines of  business given typical actuarial data arrays. It is 
dependent on a loss reserving model capable of  estimating calendar year trends, in this 
case the Zehnwirth model. 

The method proposed above is not without its shortcomings. 

Such a framework is that is inherently a slave to the data at hand. The decade of 
the 90's, used here for illustration, was a decade marked by low, stable inflation 
in a prosperous economy. Correlations measured in such an environment will 
reflect that environment and perhaps nothing more. Actuarial judgment should 
play a role in adjusting assumptions in changing or different environments. 

The calendar year inflation parameters are themselves estimates from a model. 
There is often no one 'true' model, and different model parameters will yield 
different correlation results. 

This model measures correlations in unpaid loss distributions by asserting that the 
principal correlating factor is severity. There is no consideration of frequency, 
i.e., correlations between lines in pure IBNR claims. 

There are undoubtedly additional critiques that could be raised. But, as my father used to 
say, "it 's way better than what comes in second place" - which, from a review of 
available literature, appears to be nothing. 

Between line correlations could be estimated directly if  we could model all lines 
simultaneously with regression model 1.1. By estimating parameters for all lines at once, 
the varience-covariance matrix from the regression would reflect the correlations between 
fines. But models and computing power aren't quite there yet. In the mean time the 
method proposed here serves as a proxy. 

Aggregation of Line Distributions - Model 1. Given distributions by line and a 
correlation matrix, an aggregate distribution can be created numerically using a standard 
normal copula 6. Shaun Wang [21] proposed this method in his paper, "Aggregation of 
Correlated Risk Portfolios: Models and Algorithms," PCAS LXXXV, 1998 (pp. 887- 
891) 7 . 

6 The standard normal copula has been criticized recently for producing uncorrelated tail values, which 
would clearly defeat the purpose at hand. Cf, Mango [14]. 
7 Wang's method is not the only such method. Nakada [16] uses a numerical integration routine that is 
mathematically similar and does not require simulation. 

l 0  



Wang's standard normal copula algorithm is as follows. 

1. Measure the correlation matrix ~ with elements pij (above). 

From E construct the lower triangular matrix B via the Cholesky 

decomposition such that ~ = BB'. Each element of B can be defined by: 
j - t  

P O - ~ , ~ = , b ~ b j ~  l < j ~ n  & ~ ° = O  
bij = .[ l  _ ~. , j- l  b2. 

V /.,,,,~.t = 1 j s  

3. Generate  a vec tor  Y = (Yl, ..., Yk)' of standard normals, where k=# of lines,. 
This is just the Excel function NORMINV(RAND()). 

4. D e f i n e  Z = BY.  Z ffi (zl . . . . .  zk)' has the appropriate joint pdfdefined by the 
correlation matrix. In Excel this is the array function MMULT(B,Y). 

5. Set  ui = O(~), where • denotes the standard normal cdf. In Excel, 
NORMDIST(zi,0,1,TRUE). 

6. Set xi = Fi "l(ui), where Fi is the marginal distribution function for the modeling 
line i. In our case the Fi's are the assumed lognormal distributions produced 
by ICRFS. However, there is no restriction on the marginals. In fact, F need 
not be parameterized. An empirical distribution can be used. If a loguormal 
is used, the Excel formula is LOGINV(ui,~ i,a i) 

7. Iterate steps 3-6 as many times as desired. 

Wang shows that the standard normal copula methodology has the nice properties of 
creating a distribution of values with the desired correlations and still retaining the 
original marginal distributions. Furthermore, the required calculations are easily 
accomplished in a spreadsheet. If  there is a drawback to this numerical methodology, it 
lies in the requirement to simulate to calculate the distribution. Inherent to all such 
methodologies, the subsequent calculations will not typically replicate the original 
estimated distribution. 

For the industry example, the empirical pdf, based on 3,000 simulations, of  the aggregate 
unpaid loss distribution looks as follows. 
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Graph 2.2 

Distribution of Unpaid Losses 
U.S. Commercial Unes Total 

The minimum value in the above distribution is $200 billion. The maximum value is 
$276 billion. (Recall that the mean is $234.5 billion.) The observed aggregate standard 
deviation is $10 billion. The industry carried reserves for commercial lines loss and 
allocated loss expense from 1990 to 2000, at $198.4 billion, are below the scale based on 
the above aggregate distribution. 

Aggregation of Line Distributions - Model 2. Model 2 is a quick-and-dirty alternative. 
The mean of the aggregate distribution is known. It is simply the sum of the line means. 
The variance of the aggregate distribution can be calculated from the estimated variance- 
eovariance matrix (VCM). The aggregate variance is the sum of the elements in the 
matrix. Given the aggregate mean and variance, a distribution earl be estimated by 
assuming an appropriate functional form, e.g., lognormal. Following are the 
eomputatious for the running example to compute a method of  moments lognormal from 
the observed data. 

Given the standard deviations calculated by line, create a matrix, o =diagonal (0-1, 0"2, 
.... 0"6). With the correlation matrix, E, the VCM will take the form: 

VCM = o 'Eo  

The VCM from the running example is this paper is shown below. 

12 
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Figure 2.3 
Variance-Covariance Matrix 
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The aggregate mean, M, is $234.5 billion. The aggregate standard deviation, S, is $9.8 
billion. The method of moments estimates for lognormal parameters ~t and o of a 
distribution defined by observed moments M and S are 12.364 and 0.043 respectively. 
This lognormal distribution from method 2 is graphed below along with the results fi'om 
the copula and the lognormal fit to the copula results. 

Gmptl 2.3 

-,g-- VCM 
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3. FUN WITH DISTRIBUTIONS 

Given distributions of  unpaid losses by line and in total, there are a number of interesting 
uses and implications. This section covers some topics where distributions are valuable 
in actuarial practice. 

CapRal requirements. Economic capital requirements line-by-line could be established 
using a ruin theory or value-at-risk construct. How much capital is needed to be sure that 
there are enough funds for claimants at some extreme probability? For example, at a 3 in 
10,000 ruin probability (the equivalent o fa  AA credit rating default value) the required 
risk based capital, by line is the difference between the carried reserve and the 99.97 th 
percentile (F't (0.9997)-reserve): 

Table 3.1 
Capital Requirements 

Carried Stand Alone Reserves-to 
Provision F'110.9997/ Capital Capital 

Commercial Auto [C] 18,911 25,694 6,783 2.79 
Work Comp. [D] 60,597 90,057 29,460 2.06 

CMP [E] 24,753 29,496 4,743 5.22 
Med Mal Claims made [F2] 19,478 29,107 9,629 2.02 

General Liability Occurrence [H1] 50,148 75,605 25,457 1.97 
Short Tailed Lines 24~578 36,745 12,167 2.02 

Sum Total 198,465 286,704 88,239 2.25 

[ Modeled Aggregate 198,465 271,161 72,696 2.73 I 

The stand alone and aggregate capital needs shown above include a provision to cover the 
reserve inadequacies. If booked reserves were increased, supporting capital would 
decline, and the reserves-to-capital ratios shown above would increase. 

The sum of the stand-alone capital amounts shown above, $88 billion, is a meaningless 
number: it is more economic capital than is required. To calculate the required economic 
capital to support the industry reserves, the total industry distribution must be used. This 
distribution reflected the portfolio aggregation and diversification effects for the industry. 
Required aggregate economic capital is shown in the table above. Its derivation is shown 
graphically below. 
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Graph 3.1 
CommDrclal Reserve Cumulative Dlstribu6on 
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Graph 3.1 implies a required economic capital of  roughly $73 billion. The sum of  the 
line-by-line, stand-alone capital was $88 bilfion. Thus, there is a $15 billion natural 
diversification effect s . 

This example highlights a flaw in standard rules o f  thumb, such as reserves-to-surplus or 
premium-to-surplus. Though widely accepted, they mismatch numerator (partial 
economic risk factor) and denominator (accounting based total surplus). 

Capi ta l  allocation. It was not the intent of  this paper to dive into the capital allocation 
debate. However, given an aggregate risk distribution as described in the previous 
section, and given the variance-covariance matrix that necessarily underlies it, the source 
information exists to allocate capital to an unpaid loss portfolio in a defensible fashion. 

A few years ago there was a terrific discussion thread in the CAS Proceedings, starting 
with Shalom Feldblum [7] and ending with Todd Bault [8] thrashing about whether one 
should allocate capital (risk load) in proportion to standard deviation or variance. Bault 
proved that the two (and actually others as well) were part o f  a broader, unified theory o f  
risk based on correlations. When correlation approaches zero, the allocation is in 

s This capital requirement is not the same as the total capital required for the c o ~ i a l  lines industry. 
The analysis would have to incorporate additional risks: volatility in new business (UPR), cats, invesUnent 
risk, operational risks, etc. This could be easily accomplished. We need only to measure risk dis~'butions 
for each risk type and use the same integration routine to get a total aggregate risk distribution (see [17]). 
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proportion to variance. When correlation approaches one, the allocation basis tends 
toward relative standard deviation. 

Bault's conclusions immediately present a plausible capital allocation mechanism, 
incorporating standard deviation/variance and all of the measured covariances. 
Zero and one are obviously just the polar cases. The more general result can be seen with 
a simple two-by-two VCM for risks 1 and 2: 

I O12 P120.1 0"2 1 
P120"1 0"2 022 

Given the above variance-covariance matrix, the capital allocation to a line is simply the 
sum of  a given row in the variance-covariance matrix divided by the sum of  the entire 
matrix. This generalized construct accounts for those cases where lines have perfect 
correlation, no correlation, or anything in between. And it is computationally tractable 
with any number of  lines. 

In the simplified VCM above for risk 1 and risk 2, the allocation formula for, say risk 1, 
would be 

(3"12 + P12GI (32 

O"12 + 0"22 + 2pl2Ol 02 

It is easy to see from this formula that, if p equals 0, the allocation basis is variance, and, 
if p equals 1, the allocation basis is standard deviation. 

In the industry example, the resulting capital allocation looks as follows. 

Commercial Auto [C] 
Work Comp. [D] 

CMP [E] 
Med Mal [F] 
Liability [H.R] 

Other 

Figure 3.2 
Capital Al location from the  V C M  

Commercial Work 
Auto Comp, CMP Med Mal Liability Capital 
[(3] [D] [E] [F] [H,R] Other Row Stan Allocation % 

o.e I (0.T, (0.1) 0.1 0.7 0.2 0.7 0.7% 
( 0 . 7 ) 1 3 5 . 5  1 ( 0 . 4 )  0.4 2.3 1.4 12.7 50.7 52.4% 

(0.1) (0.4:(0.1)11°"21 (°11) 107 (0.2) (0.21 (0.7) -0.7% 
0.1 2.3 1.0 1.0 4.9 5.1% 
0.7 1.4 (0.2) 1.0 [ 8.418.4 4.6 15.9 t6.4% 
0.2 12.7 10.2) 1.0 4 . 6 ,  6.8 25.1 26.0% 
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Our numerical example yields a negative capital allocation, which, while problematic, is 
not unique. Myers and Read [16] suffer the same problem. For the purposes of  this 
paper, the observation is noted and accepted, in the spirit of  presenting methodology first, 
an illustration second, and specific parameters a distant third. 

The allocated capital and associated reserves-to-capital ratio are shown below, along side 
the stand alone capital estimates. In this exhibit, the total required capital and the 
allocated amounts are predicated on reserves being booked at an adequate level according 
to the analysis presented in this paper. 

Auto [C] 
Comp. [D] 
CMP [E] 

Mud Mal [F] 
Liability [H, R] 

Short 

Required 
Reserves 

$23,008[ 
$66,535 I 
$27,734 I 
$25,098 I 
$64,950 I 
$26,254 I 

$234,579 

Figure 3.3 
Capital Allocations for Unpaid Losses 

Capital Stand 
Allocation Allocated Reserves-to. Alone Reservas-t~ 

% Capital Capital Capital Capital 
0.7%[ $286[ 80.55[ $2,686[ 8.57 

52.4% I $20,1461 3.30 I $23,5221 2.63 
-0.7% I -$261[ (105.22) I $1,7621 15.74 
6.1%[ $1,962[ 13.30 [ $3,0O9[ 8.67 

16.4%[ $6,314[ 10.29 $10,655 6.10 
26.0%[ $9,999[ 2.63 $10,491 2.50 

100.0% $38,446 6.10 $52,125 4.50 

Valuation methodology. When placing an intrinsic or actuarial value on a prospective 
acquisition target, actuaries look at pricing 1) the true economic value imbedded in the 
balance sheet, and 2) the present value of the ongoing business. The method essentially 
turns everything past, present, and future into tangible (but stochastic) cash flows, 
capitalizes them appropriately, and then calculates a present value 9. 

In light of  the diversification benefit observed in the industry example above, it is 
apparent that valuation methodologies cannot attempt to measure the 'true value' of  a 
target company in a vacuum, i.e., on a stand-alone basis. There exists a portfolio effect 
that will allow the merging companies to free up some amounts of capital for other 
investments or return to shareholders. 

This free capital flow should be accounted for in the valuation, presuming that the 
theoretical diversification effect can be harvested given regulatory restrictions. Or should 
it? There is an open and active debate on this very subject in actuaxial circles today. The 
opposing view would say that mergers between companies cannot create capital 
efficiencies that the market would not have already anticipated or that market instruments 
could not replicate. 

9 As an alternative, one can discount the cash flows at a risk-adjusted rate. As another, perhaps best, 
alternative, one can compute the risk adjusted distribution of cash and then discount at the risk free rate. 
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Fair Value Liabilities. The IASB has proposed that all liabilities, like assets, should be 
marked to market for financial reporting purposes. Lacking an active market of  unpaid 
loss liabilities, a "fair value" must be estimated based on cash flows and risk. In the 
absence of  an aggregate distribution as presented here, the total reserve portfolio risk 
cannot be quantified. Further, it should be apparent that it is insufficient to conduct a 
fair-value-ing exorcise on a line-by-line basis, as it misses the diversification effect. 

In the absence of  a liquid market, think of  fair value as the amount it would cost to pay a 
reinsurer to take the unpaid loss liability offyour balance sheet. Two calculations are 
shown below for the running liability example. For these calculations, it is assumed that 
the immunized, risk free discount rate is 4.25% and the weighted average life of the 
payments is 4.5 years. The implied risk free discount factor is 0.829; discounted reserves 
equal $54 billion. 

Fair value could be calculated using risk adjusted discount rates from Butsic [ 1 ]. Butsic 
shows that the appropriate risk adjusted rate, given the immunized risk free rate and the 
capital requirement is a liability analog to the CAPM formula. 

= capital (ROE-  r,~ 

$0, 

The above formula assumes a 20% pre-tax ROE target. Using the average life of  about 
• -4.5~ W 4.5 years, the risk adjusted discount factor is 0.935 (=1.015 ). Total value ould be 

$65*0.935 = $61 billion. The implied loading for risk is $7 billion (= $61 - $54). 

Alternatively, the value of  the unpaid loss liabilities could be assessed using risk neutral 
distributious via PH-transforms as discussed by Wang [21] and Butsic [2]. The simple 
lognormal assumptions applied through out this paper come in handy here. A 
transformed lognormal entails shifting only the location parameter. If  the underlying 
distribution has parameters i~ and o and the appropriate risk load is ~,%, the risk neutral 
distribution will be lognormal with parameters ~'  = ln(l+~,) +1~, a. A starting point for 
the risk load percentage could be the ratio of the risk charge, above, to required reserves 
shown in 3.3. Again using the industry liability data: 

= (7.0/65) = 0.108 

~'  = ln(l+~,) +~ = In(l+0.108) + 4.173 = 4.275 

a = 0.045 
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Transforming back to dollars, the expected value of the risk neutral distribution is 

/~'+l~r2 

E[X] = e 2 = $72 billion 

Allowing for time value, the risk neutral value is on the order of $60 billion (= 72*.829). 
The results from the risk adjusted discounting methodology and the PH-transform are 
very similar. 

One of the nice features of the PH-transform is the ability to use the risk neutral 
distribution to price layers of  the dis~bution by simply taking the difference of  the 
respective limited expected values. Perhaps this could facilitate a more active, liquid 
market in unpaid loss liabilities. Ironically, though, if  we had a liquid market, none of  the 
above calculations of  fair value would be necessary. 

Statutory risk based capital. The treatment of aggregate distributions also highlights 
some of the flaws with the mechanical formulas for statutory risk based capital: 

1. Supporting economic capital makes sense only in the aggregate and only then 
when correlations have been appropriately reflected. Correlations between lines of 
business are imperative and cannot be ignored. 

2. RBC, like economic capital, should be the difference between the aggregate value 
at risk (F'l(1-ruin)) and the carried provision for the unpaid loss liabilities. If  
reserves are strengthened, required supporting capital should decrease. RBC, 
however, inappropriately assumes companies are currently adequately, and only 
adequately, reserved, charging for any additions to reserves. This penalizes well- 
reserved companies and those wishing to become better reserved. 

3. Using techniques illustrated here, true economic capital requirements can be 
calculated with accepted actuarial techniques at an individual company level. 
Industry norms would have little use. 

The above remarks refer only to RBC charges for unpaid losses. Of course other risk 
factors need to be integrated into a total economic capital figure. But this is only a simple 
extension of  Wang's standard normal copula method shown above. Marginal risk 
distributions can be created for investment portfolios, catastrophe exposures, etc., and 
integrated into a total distribution for use in the calculation of required economic capital. 

Best estimates. Statutory accounting requires that we establish a best estimate reserve. 
Further, we must establish that reserve by line of business. Further still, if  management 
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has a number of  alternative estimates of unpaid loss, all equally likely, the best estimate 
is presumably the average of  all estimates. 

If  regulation was principally focused on solvency, all that matters is the aggregate 
distribution of  unpaid losses, the actual provision for unpaid losses, and the amount of 
capital available. In this construct, best estimates of line-by-line reserves are less 
relevant. 

Materiality. ASOP 36 places great emphasis on materiaiity but does not define the term. 
Materiality is best defined with a distribution like that shown in Graph 2.1 (pdf) as the 
basis. Whether or not an issue is material depends on the answer to questions such as, 
"where could this issue move my estimate of  unpaid losses in the a priori distribution of 
possible unpaid losses?" "Could it change the shape of the distribution?" In the end, i fa  
company is reserved at the 51 st percentile (the mean of  the industry aggregate distribution 
in our example), a material movement is one that would drop you to the N th percentile in 
the posterior distribution. 

Unfortunately, now the definition of'material' hinges on the definition of N. Having a 
definition of  N, however, yields an interesting implication. I fa  company is already just 
at or below the N th percentile of the distribution of unpaid losses, materiality disclosures 
are almost a moot point. Regulatory emphasis should be placed on reserve adequacy. 

Materiality is clearly a function of a company's size. A large company could 
conceivably have an issue looming that could move their best estimate of unpaid losses 
by millions of  dollars, but this might be the difference of being at the 51 st percentile and 
the 50 th. This should not be considered material. On the other hand there are clearly 
companies where materiality would be measured in the thousands of  dollars. 

Furthermore, portfolio diversification is again key. Any actuary can think of  a handful of 
nasty things that could cause adverse development in unpaid losses. Perhaps these nasty 
things could even be characterizad with a mean and distribution of possible results. If  we 
went further and thought in terms of the distributions of nasty things and the inter-nasty- 
things-correlations, we could aggregate using the same technology presented here. 
Would the aggregate distribution of  potentially 'material' things be material? Perhaps 
not. Why? Because it is precisely the highly skewed, generally independent distributions 
that get heavily diversified away. 
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4. CONCLUSIONS 

This paper used published and readily available data and techniques, along with a simple 
proposal for measuring correlations amongst unpaid losses, to produce a sample 
aggregate loss distribution for the U.S. commercial lines unpaid losses (1990-2000) as of 
year-end 2000. By the time the end of this paper mercifully came, the author had whined 
about a great many things. In eonclnsiun: 

1. Point estimates for unpaid loss and loss expense are insufficient. Methods to 
produce distributions exist and are reasonably approaehahle. 

2. Methods exist to aggregate risk distributions, given correlations. 
3. Correlations can be measured directly from the data normally employed for 

loss reserve analysis. 
4. Aggregate distributions of unpaid losses are useful analytical tools, with 

implications for required economic eapital, capital allocation, pricing and 
valuation, and various issues associated with accounting such as "best 
estimate," "materiality," and RBC. 
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Abstract 
The National Association of Insurance Commissioners (NAIC) has worked since the 
mid-1990s to facilitate pre-event tax-deferred catastrophe reserves. The proposal was 
adopted by the NAIC in 2001. 

The catastrophe reserve will not be a traditional liability reserve, nor will it specifically be 
included in the scope of the NAIC Statement of Actuarial Opinion on loss reserves. 
However, actuadal expertise will be needed to evaluate additions and drawdowns of the 
reserve. The reserve should be evaluated, along with additional information in the 
Annual Statement and from other sources, as part of a program to protect a company's 
financial integrity. 

This paper provides background information on the problem and constraints currently 
faced by the insurance industry with respect to accumulating funds for catastrophic 
events. It also presents a description of the catastrophe reserve. This explanation 
includes definitions pertinent to this reserve, recommended statutory accounting 
treatment of the reserve and step-by-step instructions on annual calculations needed. 
Example calculations are provided and described in detail. The evolution of this 
proposal is discussed, along with changes to the current design that might be made 
over time. Finally, the paper outlines future activities needed to enable and fully 
implement the catastrophe reserve. 
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Reserving for Catastrophes 

Introduction 
The NAIC has worked since the mid-1990s to facilitate pre-event tax-deferred 
catastrophe reserves. The proposal, which includes recommended accounting 
treatment, was adopted by the Property & Casualty (C) Committee at the June 12, 2001 
meeting in New Orleans and by the entire NAIC membership (Plenary) at the October 
24, 2001 meeting in Washington, D.C. The Internal Revenue Code changes that are 
needed are being closely monitored. 

The catastrophe reserve will not be a traditional liability reserve, nor will it specifically be 
included in the scope of the NAIC Statement of Actuarial Opinion on loss reserves. 
However, actuarial expertise will be needed to evaluate additions, accumulations and 
drawdowns of the reserve. The reserve should be evaluated, along with additional 
information in the Annual Statement and from other sources, as part of a program to 
protect a company's financial integrity. 

The purpose of this paper is to summarize the development of the reserve proposal, 
provide an explanation of how it might work, and discuss changes to the current design 
that might be made over time. 

Problem and Constraints 
Catastrophes, whether natural or man-made, pose a significant challenge to the U.S. 
economy and to the U.S. insurance industry. As the 2001 terrorist attacks 
demonstrated, unexpected extreme events can, and do, occur. The insurance 
industry's successful response to such events relies on insurance companies' ability to 
manage their risk exposures prior to the occurrence of a catastrophic event. 

Current tax laws and accounting principles discourage U.S. property and casualty 
insurers from accumulating funds specifically to pay for catastrophe losses for which the 
probability of occurrence in any given year is very low. Presently, loss reserves are 
established upon the occurrence of an insured event. As a result, payments for losses 
from a future catastrophic event must come from unrestricted policyholders' surplus. 
Existing U.S. tax law does not permit deduction of reserves for losses that have not yet 
been incurred. 

Solution 
Companies can currently use a variety of methods to manage their risk exposure, such 
as deductibles, co-payments, coverage limits, loss mitigation, geographicspread of risk 
and reinsurance. Recent additions to this repertoire include capital market 
securitizations to reduce the net amount of risk held by the company. 

Insurance regulators in several foreign countries allow, and some even require, some 
form of pre-event reserves. These reserves are set aside prior to a loss occurring and 
are used by insurance companies to manage earnings during years in which significant 
losses are sustained. The NAIC Tax-Deferred Pre-Event Catastrophe Reserve has 
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some similarities to, and some significant differences from, these reserves. Tax 
advantages are included in the NAIC proposal, but earnings management is limited to 
mitigating the effects of extreme catastrophes. More details regarding pre-event 
reserves for other countries can be found in the Other Countries' Approaches section 
and in Appendix G. 

The catastrophe reserve is a pre-event reserve to be used solely for catastrophic 
losses. The reserve is designed to remove disincentives for long-term management of 
catastrophe exposure. When an insurance company experiences significant losses 
from a catastrophe, the company can draw upon these segregated funds to maintain 
financial strength. The reserve does not provide a measurement or quantification of 
the maximum amount a catastrophic event may cost an insurance company or the 
insurance industry. 

Description of NAIC proposal 
The NAIC Catastrophe Reserve Subgroup was appointed to design a mechanism that 
would address the issues mentioned above. After much discussion, the following 
general conclusions were reached: 

1. The best solution is a private market mechanism that encourages prudent 
management of risk. 

2. Only mega-catastrophes should be allowed a tax deferral. 
3. Capital should be used efficiently; trapped capital is not desirable. 
4. The mechanism should be as simple as possible and should be auditable. 

Traditional loss reserves are only established upon the occurrence of a covered event 
and are estimated to be the amount of the expected ultimate payout. In contrast, the 
catastrophe reserve is established to cover future losses for which the company's 
ultimate payout is not yet known. The intent of the catastrophe reserve is to provide 
segregated funds for use upon the future occurrence of a catastrophic event. It is 
recommended that it be reported as a liability for statutory accounting purposes, 
separate and distinct from loss, loss adjustment expense and unearned premium 
reserves. As such, it is easily identifiable for tax purposes, solvency regulation, and 
stockholder and policyholder scrutiny. 

An insurance company may elect to establish such a reserve in order to have funds 
readily available when catastrophes occur. The maximum amount a company can have 
in the reserve is determined by multiplying its net written premium for each covered line 
of business by a factor. The resulting amounts for each line of business are summed to 
obtain a single aggregate reserve cap for the company. The factors have been 
determined by line of business and are designed to address that portion of the premium 
that could be associated with low-frequency mega-catastrephes. Appendix C provides 
a description of the methodology used to derive the reserve cap factors. 

The proposed federal tax treatment provides for a phase in of tax-deferral for reserve 
contributions over a period of 20 years. The deferral allowed equals the full amount at 
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the end of that period. In this proposal, the targeted accumulation amount for the entire 
property/casualty insurance industry is $40 billion. The NAIC proposal is designed to 
work in conjunction with federal legislation, but it does not contain the phase-in 
language. 

The annual statement lines of business covered include fire, allied lines, farm owners, 
homeowners, commercial multi-peril (non-liability portion), earthquake, inland marine, 
auto physical damage and non-proportional reinsurance for the qualifying lines. 

Losses from the following catastrophic events are covered by the reserve: wind, hail, 
earthquake and fire following, winter catastrophes, fire, tsunami, flood, volcanic eruption 
and lahar. 

A company can access its catastrophe reserve in three situations. Primarily, the 
catastrophe reserve would be used for losses incurred as a result of a catastrophic 
event in a covered line of business. In this case, the reserve is drawn down according 
to cdteria designed to protect solvency and to limit use of the reserve to the payment of 
truly catastrophic losses. 

A second situation in which the company may need to draw down its catastrophe 
reserve is when the reserve balance exceeds the reserve cap. 

Finally, the company's domiciliary Commissioner may require an insurer to release its 
catastrophe reserve as a rehabilitation, conservation or liquidation measure or to 
forestall insolvency of the insurer. 

Annual Calculations 
A company would need to go through the following steps annually to determine the 
amount of its catastrophe reserve. 

1. Calculate the reserve cap for the year. The reserve cap is the sum of the 
amounts determined by multiplying the catastrophe reserve cap factor for each 
qualifying line of business by the insurer's net written premium for the 
corresponding line. 

2. Determine qualifying losses. Qualifying losses for the catastrophe year are those 
that adse from a covered peril, are attdbutable to a covered line of business and 
are due to a catastrophe. Appendix B provides an outline of the conditions an 
event must meet to be considered a catastrophe for the purposes of the 
proposal. 

Qualifying losses-must be evaluated by catastrophe year, the year in which the 
catastrophe began. The development of losses from a covered catastrophic 
event must be monitored since such losses may not reach one of the thresholds 
for withdrawal from the reserve until several years after the occurrence. 
Therefore, each company must maintain losses by catastrophe year along with 
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the qualifying loss limitation thresholds as a permanent benchmark. 

Although the drawdown triggers are not complicated, the proposal is somewhat 
confusing in its descriptions. Item 7 in the Summary and Definitions section of 
the proposal (Appendix B) defines gross qualifying losses, which do not 
recognize any reduction for salvage, subrogation, or recoveries from risk transfer 
mechanisms. This amount is used for calculating what amounts can be released 
from the reserve and provides a benchmark of how large the catastrophic event 
is for the company. Item 1 la  of the Summary and Definitions section also refers 
to qualifying losses. This is discussed in more detail below. 

3. Calculate thresholds and determine allowable drawdown. "The Catastrophe 
Reserve shall be drawn down in an amount not to exceed the lesser of the 
amount determined under subparagraph (1) or (2): 

(1) Qualifying Losses for the Catastrophe Year net of contractual payments from 
catastrophe management resources and net of salvage and subrogation, or 

(2) Qualifying Losses for the Catastrophe Year to the extent that such Qualifying 
Losses exceed the lesser of: 

i. 100% of the insurer's prior year Reserve Cap, or 

ii. 30% of the insurer's surplus at December 31 of the prior year."[4] 

It is helpful to look at each subparagraph individually. The drawdown can never 
be more than the amount described in 3(1), the company's losses net of salvage, 
subrogation, and other recoveries. Losses include loss adjustment expenses 
and non-recoverable assessments, surcharges, etc. Catastrophe management 
resources are defined in item 7 of the Summary and Definitions section. 

Drawdowns are further limited by comparison to items that reflect, but do not 
necessarily measure, a company's catastrophe exposure and financial 
resources. Paragraph 3(2) above selects the lesser of an insurer's prior year 
reserve cap, which is related to catastrophic loss exposure, and 30% of its prior 
year surplus, which is related to ability to absorb the impact of catastrophic 
losses. Since the reserve cap amount is based on net written premium in lines of 
business that tend to be affected by catastrophes, the amount of the cap is 
reflective of how much catastrophe exposure the company has on its books. 

If the insurer's prior year reserve cap is more than 30% of prior year surplus 
(which means the amount in 3(2)(ii) is the lesser), the company can be 
considered more vulnerable to the financial impact of catastrophic events than a 
company whose percent of surplus exceeds the reserve cap. Note that this is 
independent of how much the company has actually set aside in the reserve. 
The trigger is designed to recognize this company variation by allowing the larger 
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of the two amounts in 3(2) to be compared to the net qualifying losses in 3(1). 
Losses in excess of the smaller of two amounts will lead to the larger resulting 
loss amount. 

The qualifying losses used in the 3(2) calculation are gross qualifying losses. 

An example may be helpful. Suppose a company has these characteristics. 

Gross qualifying losses 1,350 
Salvage, subrogation & other recoveries 800 
Net qualifying losses 550 

Prior year-end surplus 
30% of prior year-end surplus 
Prior year reserve cap 

6,175 
1,853 

584 

The maximum amount the company could withdraw according to paragraph 3(1) 
above is the net qualifying losses of $550. However, the drawdown is further 
limited according to the calculations involving its prior year reserve cap and prior 
year surplus, as described in paragraph 3(2). The prior year reserve cap of $584 
is less that 30% of the prior year surplus of $1,853. So, the calculation specified 
by paragraph 3(2) is the gross qualifying losses minus the prior year reserve cap 
or $1,350 - $584 = $766. This is more than the net qualifying losses of $550. 
Therefore, the maximum allowable drawdown amount is $550. 

4. Reduce the previous year-end reserve balance by the current year drawdown 
amount calculated in step 3. 

5. Determine the maximum amount of the current year reserve addition by 
subtracting the reserve balance after drawdowns from the reserve cap calculated 
in step 1. Contributions to the reserve are tax-deferred to the extent of additions 
that result in a balance that does not exceed the reserve cap, with a 20 year 
phase in. 

6. Calculate the PMLE and decide the best balance of reinsurance, other risk 
transfer mechanisms, and pre-event reserving that will suit applicable regulatory 
safeguards and the company's own goals and management philosophies. Many 
companies may choose to contribute to a reserve based on its net PMLE, after 
the effects of any risk transfer have been evaluated. 

7. Add the selected amount to the reserve. 

8. Verify that the resultin.q reserve balance does not exceed the reserve cap. The 
company must draw down its reserve if the reserve amount exceeds the 
allowable cap, as calculated in step 1. 
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Financial Statement Disclosures 
The amount, if any, to be added to the reserve each year is up to each company. 
However, if a reserve is established, specified accounting procedures must be followed. 

Calculation of  amount to be added to the reserve 
The reserve balance at the end of the year cannot exceed the cap. Each company 
calculates its own cap. As an example, consider a company that writes only 2 lines of 
business: Homeowners and Private Passenger Auto. The reserve cap is determined 
as shown below. 

(A) (B) (A x B) 
Net Premiums Reserve Cap Reserve Cap 

Line of Business Written Cap Factor Amount 
Homeowners 100,000 .60 60,000 
PPA liability 150,000 na 0 
Auto Physical Damage 80,000 .01 800 
Total 330,000 60,800 

If we assume that this company is setting up its reserve in the first year after the tax 
change has been enacted, 1/20 th of this $60,800 cap, $3,040, can be tax-deferred if set 
aside in a catastrophe reserve. 

Note that the reserve cap amount does not have a contribution from the liability portion 
of the Private Passenger Auto business. Only property lines that have been identified 
as being catastrophe-prone have factors to allow contribution to the reserve cap 
calculation. The total amount in the reserve is available in response to a catastrophe in 
any of these property lines. For example, the entire reserve amount for the company 
shown here could be used to pay for homeowners losses sustained by this company in 
any part of the country. 

A more detailed exhibit showing how a company would calculate its reserve cap is 
shown in Appendix H. 

Notes to Financial Statements 
The following entries would be made in the Notes to the Financial Statements for the 
first year's accumulation of the reserve, based on the information in our example above 
and assuming that no qualifying losses occurred: 

Catastrophe Reserve Balance at the Beginning of Year $ 0 
Current Annual Reserve Addition to the Catastrophe Reserve $ 3,040 
Current Drawdowns Due to Qualifying Losses $ 0 
Current Drawdowns for Amounts in Excess of the Reserve Cap $ 0 
Catastrophe Reserve Balance at the End of the Year $ 3,040 

Balance Sheet - Liabilities, Surplus And Other Funds 
A new line, Line 16 - Catastrophe Reserve, will be added to the Balance Sheet - 
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Liabilities, Surplus and Other Funds. This amount will change over time, and should 
reflect the amount in the reserve at the end of the year for which the statement is being 
filed. For our example it should show $3,040. A copy of the proposed page 3 is shown 
in Appendix F. 

Underw~in.q and Investment Exhibit - Statement of  Income 
Line 4 - Change in Catastrophe Reserve is to be added to the Underwriting Income 
section of the Underwriting and Investment Exhibit. Additions to and drawdowns from 
the catastrophe reserve are addressed in the proposed Statement of Statutory 
Accounting Principles, which is shown in Appendix E. Since our example is for the first 
year of accumulation, Line 4, Column 1, Change in Catastrophe Reserve, Current Year 
would show $3,040 ($3,040 - $0). The federal tax change will allow this amount as a 
deduction from taxable income for the year the contribution is made, similar to current 
tax treatment for setting up a traditional loss reserve. If we use a tax rate of 35% and 
assume that all else in the company's tax situation remains the same, the tax savings to 
the company for this year would be $1,064 ($31040 x .35). 

When any amounts from the reserve are drawn down to pay for losses, the amounts 
withdrawn from the reserve are added back into taxable income. A reserve withdrawal 
is most likely to happen due to an extremely large catastrophe, rather than due to an 
overpayment or financial difficulties. Large underwriting losses in the catastrophe year 
are expected to offset this increase in reported income. It is likely that much of the 
catastrophe reserve will be, in effect, tax-free. 

Company Considerations 
Since the NAIC proposal allows voluntary participation, each company must decide if a 
catastrophe reserve is appropriate, given its unique exposure to catastrophe risk. There 
is not a documented method to determine when the accrual of a catastrophe reserve is 
appropriate. Generally speaking, the costs and benefits of establishing a catastrophe 
reserve should be compared to the costs and benefits of other catastrophe 
management tools available to the company. 

it is not expected that every company will accumulate reserves to the maximum amount 
allowed. There will be situations where prudent financial planning dictates other uses of 
funds. Nevertheless, it is instructive to look at how various companies could use this 
mechanism to pre-fund catastrophic loss payments. 

Exhibilc 1, below, shows data for 12 companies of various sizes, as well as countrywide 
information. The data was extracted from the 2000 NAIC Annual Statements, with the 
reserve cap factors applied to each company's net written premium. Appendix H gives 
more detail on how the reserve cap for each company was calculated and contains 
detailed information on Company B in Exhibit 2. 

Columns (3), (4) and (5) compare maximum reserve amounts that could be set aside for 
each company. Column (3) shows the percentage of premium that is in catastrophe- 
prone property lines. Columns (4) and (5) show how each company's reserve 
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compares to its net wdtten premium for all lines and for the catastrophe-prone lines, 
respectively. As can be seen, the reserve cap varies widely by company when 
measured relative to the net wdtten premium. This is due, of course, to the mix of lines 
that each company wdtes. The range in percentages narrows somewhat if the reserve 
cap is compared to the net written premium for covered lines only, Column (5). A wide 
range is still expected, since the reserve cap factors for covered lines range from .01 to 
over 15. 

Column (6) applies to catastrophic losses that might have occurred during 2001. The 
reserve cap and surplus used are both prior year-end, based on 2000 Annual Statement 
data. Since the reserve amount that can be drawn down is dependent on qualifying 
losses in excess of either the reserve cap or of surplus, a comparison of these two 
items is in order. Column (6) indicates which of these two will be the amount entering 
into a drawdown calculation. If the amount in Column (6) is less than 100%, then the 
qualifying losses in excess of the prior year reserve cap is used in the drawdown 
calculation. If it is greater than 100%, then the qualifying losses in excess of 30% of the 
prior year's surplus is used. As stated above, this latter situation might mean that a 
company is considered more vulnerable to the financial impact of catastrophic events. 

As additional information becomes available, amounts actually accumulated, as well as 
amounts paid, for catastrophic events can be evaluated and analyzed. 
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EXHIBIT 1 

(I) 

Company 

Countrywide 

(2) 

2000 Net 
Wdtten 

Premium 
(OOOs) 

318,739,936 

(3) 
Covered Lines 

Net Written 
Premium As % 
Of All Lines Net 

Written Premium 

42.0% 

(4) 
Reserve Cap l 
As % Of All 
Lines Net 
Written 

Premium 

15.3% 

(5) 
Reserve Cap 

As % Of 
Covered Lines 

Net Written 
Premium 

36.4% 

(6) 
Reserve 

Cap As % 
Of (Surplus 

x .30) 

A 7,821,650 46.8% 16.8% 36.0% 66.1% 
B 3,415,196 60.3% 17.1% 28.4% 31.5% 
C 3,051,503 39.6% 0.7% 1.7% 7.0% 
D 2,146,285 26.6% 10.1% 37.9% 39.9% 
E 1,058,715 16.5% 6.0% 36.4% 19.9% 
F 959,759 46.3% 29.4% 63.4% 109.4% 
G 870,624 59.6% 37.6% 63.1% 223.4% 
H 207,302 53.4% 15.5% 28.9% 66.3% 
I 119,993 0.3% 0.0% 1.0% 0.0% 
J 41,394 64.2% 10.5% 16.3% 48.6% 
K 22,863 11.7% 3.5% 30.0% 2.5% 
L 22,008 100.0% 61.6% 61.6% 437.4% 

Companies will also be interested in how rating agencies view the accrual of a 
catastrophe reserve. The reserve does not transfer risk, but does assure that specified 
funds will be immediately available to pay for catastrophic losses. Will accruing a 
catastrophe reserve have a positive or negative impact on a company's rating? How 
will it be viewed in comparison with the use of other catastrophe management tools? 
To date, rating agencies have not commented on this. 

The re.serve should not have any effect on rates charged by companies to their 
policyholders. However, consumers may be more accepting of the need for long-term 
catastrophe charges in their premiums if they know there are funds specifically set aside 
for this purpose. 
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Evolution of Proposal 
In December 1995 the NAIC established the charge to "Develop a proposal for a 
reserve for future catastrophes that will include consideration of how and where the 
reserve should be shown in the financial statements, calculation of contributions to the 
reserve, calculation of withdrawals from the reserve, calculation of a maximum reserve, 
treatment of reinsurance ceded and reinsurance assumed and how to obtain federal tax 
deferment." [3] The Catastrophe Reserve Subgroup of the Catastrophe Insurance 
Working Group was appointed to carry out this charge. 

The Reserve Subgroup was composed of state regulators with expertise in actuarial 
science, accounting, economics, financial examination and law. Industry 
representatives were invited to participate in the discussions and development of the 
proposal; they provided invaluable feedback and input. These interested parties were 
also instrumental in the analysis leading to the development of the reserve factors. The 
proposal was exposed for public comment and discussion at several points throughout 
the development. 

Tax Deferral 
As discussions began regarding the design of the proposal, it became apparent that 
certain characteristics of the reserve would generate significant discussion. One major 
item that insurance regulators and insurance industry representatives readily agreed 
upon is the tax-deferral. Regulators agree that the reserve should only be established 
to the extent that the federal government allows tax-deferred status. As of this writing, 
the tax code has not yet been changed to allow the categorization of these pre-event 
funds as tax-deferred. 

Mandatory vs. Voluntary 
The proposal began as a mandatory reserve requirement. All insurance companies 
writing the covered lines would be required to establish a catastrophe reserve based on 
the factors developed. As work continued, concerns were voiced about a mandatory 
reserve. Each company has a unique mix of business and risk profile, which make it 
difficult to specify an optimal tax-deferred reserve for prudent catastrophe risk 
management for all companies to use. There was also the possibility that requiring a 
specific level could lead to capital trapped in the reserve. As a result, the proposal 
became a voluntary, pre-event tax-deferred reserve within a regulatory framework. 

Lines of Business 
Line of business and peril were selected as identifiers that would be effective, simple 
and auditable. Determining lines of business generated significant discussion. 

At the time the proposal was conceived, it was assumed that natural catastrophes 
would be most likely to cause market disruptions, as evidenced by Hurricane Andrew 
and the Northridge Earthquake. Property lines of business were targeted as being the 
most exposed. Discussion was given to the inclusion of workers compensation risk, 
specifically due to the earthquake-related exposure. The decision was reached to leave 
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workers' compensation out of the proposal at that time. 

Boiler and machinery was also discussed, and was incorporated into early designs. 
Because its inclusion contributed so little to the reserve and because it appeared to lend 
itself to the possibility of trapped capital for some writers, it was eliminated. Auto 
physical damage, not normally considered a line prone to catastrophic disruption, was 
evaluated carefully, and finally included since significant payouts were observed after 
both Hurricane Andrew and the Northridge Earthquake. Inland marine was initially 
excluded from the proposal because losses for this line are generally not included with 
the data used, but was added in the final proposal with an appropriate factor. 

Excess reinsurance was not odginally included, at the request of the professional 
reinsurers. They did, however, ask for these lines to be included in the final proposal, 
and sufficient changes were made to incorpora.te their request into the design. 

While the reserve cap factors (and hence reserve amounts) vary by line, the reserve 
does not "belong" to any one line of business. Reserves can be used to pay for 
qualifying losses for any of the lines or perils defined in the proposal. 

Perils 
The perils to be included also generated some discussion. In its current state, the 
proposal allows fund drawdowns for losses resulting from wind, hail, earthquake and fire 
following, winter catastrophes, fire, tsunami, flood, volcanic eruption and lahar. These 
events must be designated a catastrophe by the Property Claims Service or any 
successor organization or declared a catastrophe by the President of the United States 
pursuant to the Stafford Act. Discussions on specifically including terrorism are 
underway. 

Net Written Premium as Base 
Net written premiums were decided upon as a surrogate for a company's catastrophe 
exposure. Premiums were selected since they should vary with coverage, geographic 
location and other classification factors that measure relative exposure. In addition, net 
premiums should reflect the risk a company is comfortable retaining. To the degree that 
lines are cross-subsidized, that premiums are excessive or inadequate, orthat data is 
inaccurately reported, the usefulness of premium as a surrogate for exposure is 
reduced. 

Factors by Line of Business 
The factors are intended to indicate the portion of premium that can be associated with 
low-frequency catastrophic events. The analysis and development included looking at 
industry events everyone agreed were truly catastrophic. These appeared to be 
relatively well defined by line, by state, and by peril. Since there was data available in 
this amount of detail, the most useful factors odginally appeared to be those that would 
take all of these categorizations into account. The details of the methodology to 
develop the first set of factors, which varied by state as well as by line, can be found in 
the NAIC Proceedings. 
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A simpler structure for the factors was later selected based only on line of business 
since catastrophic exposure is assumed to Vary with geographic location, which should 
already be incorporated in the premium. The factors were developed by determining 
the relative contribution of each line of business to the target accumulation amount, $40 
billion, with specified assumptions and adjustments. This was selected as an amount 
that would provide stability following a catastrophic event in developing for both the by- 
state, by-line factors and the current by-line factors. 

Reserve Cap Factors 
As mentioned above, the original proposal was for a mandatory annual reserve 
accumulation, calculated With annual accumulation factors that varied by line and by 
state. Caps on the total amount that could be accrued were also part of the 
calculations. Although annual accumulation factors are no longer needed, a cap on the 
total amount that can be accumulated is necessary since the IRS is not likely to allow an 
infinite tax-deferral. 

A voluntary reserve provides each company with greater flexibility than a mandatory 
reserve. A single pre-event fund with one cap for all lines, regions and perils also 
provides some diversification benefits. The American Academy of Actuaries has 
expressed the belief that countrywide cap factors should be set at a level that will allow 
all companies to receive full benefit from the reserve. [1] 

The reserve cap factors are in Appendix B and the methodology used to derive them is 
in Appendix C. The NAIC will periodically review the factors and the reserve 
mechanism itself. The factors are not designed to be either a correct or accurate 
measure of a company's catastrophic exposure. As a set, they help define a 
mechanism for individual companies to defer federal tax payments on monies that will 
be used to pay catastrophic claims. 

State Catastrophe Programs 
Many states have programs to assist their voluntary markets in providing catastrophe 
insurance. These programs are targeted towards the perils, lines of business and 
demographic characteristics that are of concern to a given state. A discussion of the 
structure, coverage, administration and specific charactedstics of each program are 
beyond the scope of this paper. However, consideration must be given to the 
interaction of state catastrophe programs with both the financial responsibility 
framework discussed below and the catastrophe reserve. 

The Florida Hurricane Catastrophe Fund (FHCF) acts as a reinsurer for the hurricane 
peril for all companies writing residential property coverages in the state. Participation 
in the program is mandatory. Like any other reinsurer meeting certain standards, credit 
for this risk transfer is allowed in the ceding company's financial statements. Since the 
premiums are considered "ceded to a non-affiliate," the premium paid to the FHCF each 
hurricane season does not enter into the reserve amount calculation. Any losses 
reimbursed by the FHCF are netted out of net qualifying losses. Since each company 
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can select its participation percentage in the FHCF (45%, 75% or 90%), a company has 
some discretion as to how much FHCF coverage it purchases. Each company could 
then fund as much of its retained hurricane risk as it desires, Up to the net reserve cap. 

Membership in the California Earthquake Authority (CEA) is voluntary. The CEA offers 
basic earthquake insurance for California homeowners, renters, condominium owners 
and mobile home owners. The CEA participating insurers write about two-thirds of the 
homeowners premium in California. The earthquake coverage for participating insurer 
homeowners policyholders is provided directly by a CEA policy, although the companies 
market and service the policy. 

The CEA has approximately $7 billion in capacity, from participating insurer capital 
contributions, retained earnings, letters of credit, reinsurance or bonds. About half of 
the capacity comes from two layers of potential assessments of the participating 
insurers. Although the participating insurers have a potential liability that must be 
backed by surplus or reserves, they do not have any net premium and thus they would 
not be able to set aside tax-exempt catastrophe reserves under the proposal. 

Regulatory Framework 
Regulators agreed to make the reserve voluntary as long as a company demonstrates 
to regulators that it has adequately managed its catastrophe exposures. The regulatory 
mechanism for evaluating this exposure management is currently known as the 
Framework for Demonstrating Insurer Financial Responsibility for Catastrophe Loss 
Exposures and has yet to be finalized and adopted. The framework provides a level of 
assurance to regulators that an insurance company has adequate financial resources to 
deal with its catastrophe exposures. The reserve is an integral part of the framework 
since it can be a useful tool for a company to fund losses that might threaten its 
solvency. 

The framework requires an insurance company to determine its probable future losses 
using generally accepted actuarial methods. The analysis produces an estimate of  the 
insurance company's Probable Maximum Loss Exposure (PMLE). 

The insurance company must also look at the resources it has to manage its exposure. 
Besides the catastrophe reserve, resources currently accepted by regulators include 
reinsurance, securitizations, unrestricted surplus, capital notes, surplus notes, 
commissioner-approved support agreements from parent or affiliated entities, and other 
risk transfer arrangements as permitted by state law or regulation or approved by the 
commissioner of the state of domicile. 

Once the insurance company has determined its PMLE and has identified all of its 
resources for managing-that exposure, it is to provide a report (Net PMLE Report) to the 
regulator demonstrating that it has adequate resources to handle its exposures. If the 
insurer's net probable maximum loss exposures are unacceptable to the regulatory 
authority, then the insurance company must provide a plan that demonstrates how the 
company will resolve the deficiency. 
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As currently proposed, a qualified actuary must evaluate the Net PMLE Report. The 
American Academy of Actuaries, in response to a request from the NAIC, has 
commented that actuaries are qualified to provide an opinion of this nature. [2] The 
AAA continues to monitor the work of the NAIC on the reserve proposal and related 
topics. 

There are many issues that still need to be addressed relative to the currently proposed 
framework. These items are more fully addressed in the section titled Enabling and 
Implementation Activities. 

Other Countries' Approaches 
Other countries allow, and some even mandate, pre-event reserves. We conducted a 
survey to learn more about the types of reserves that are established on a mandatory 
and voluntary basis in other countries. Based upon this research it is apparent that the 
following countries have some kind of pre-event reserve: Australia, Barbados, Canada, 
Finland, Germany, Italy, Japan, Puerto Rico, Switzedand and the United Kingdom. It is 
also evident that in different countries the needs vary because the reserves are 
designed to cover different exposures and release of the reserve is triggered by 
different events. 

There are two important considerations to keep in mind when comparing the NAIC 
proposal to what other countries have done. One is that required disclosure, accounting 
practices and terminology vary from country to country. Second, equalization reserves 
do not serve exactly the same purposes as the proposed catastrophe reserve. As the 
name implies, equalization reserves may be used as a management tool to even out 
uneven performance from year to year, while catastrophe reserves are specifically 
designed only to pay losses and related expenses from catastrophic events. Appendix 
G contains more information about the specific reserves of some of the countries 
mentioned above. 

Enabling and Implementation Activities 
Although the full body of the NAIC has adopted the NAIC Catastrophe Reserve 
Proposal, before it is implemented and used by insurance companies several things 
must happen. 

Federal Tax Law 
Federal tax law must be changed to allow for tax deferral of funds held for future 
catastrophe losses. HR 785 was referred to the House Ways and Means Committee on 
February 28, 2001 as the "Policyholder Disaster Protection Act of 2001." No further 
progress has been made on this bill. 

HR 785 proposes changes to Section 832 of the Internal Revenue Code that decrease 
a company's taxable income for the amount of contributions to the reserve in the year 
the contributions are made and add withdrawals from the reserve back into taxable 
income in the year they are drawn down. In addition, the bill phases in the reserve tax- 
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deductibility over 20 years at the rate of 5% (1/20 th) per year. Assets are "required to be 
invested in a manner consistent with the investment requirements applicable to the 
qualified insurance company under the laws of its jurisdiction of domicile," and "the net 
income for the taxable year derived from the assets in the fund is required to be 
distributed no less frequently than annually."[6] 

NAIC Actions 
Possible Additions 
Due to the significant losses experienced by insurance companies from the tragic 
events of September 11, 2001, discussion has begun with respect to updating the 
catastrophe reserve proposal to specifically include terrorism as a covered peril or 
catastrophic event. Inclusion of workers' compensation as a covered line of business is 
also being considered. The Catastrophe Insurance Working Group is analyzing these 
issues and may recommend changes. 

Update and Review 
Upon passage of the federal tax legislation, the NAIC will have the task of periodic 
review and update of the Catastrophe Reserve Factors. Analysis of the expected 
losses to pre-fund will need to be reviewed as additional years of expedence are 
accumulated and as existing modeling techniques are refined and new ones are 
developed. How much companies use the reserve for contributions and for drawdowns 
will need to be evaluated, as well as the tax revenue losses. The mix of business 
written by the U.S. admitted voluntary primary market, reinsurance and other risk 
transfer mechanisms, and changes in accounting may all require adjustments to this 
initial design. 

NAIC Annual Statement Blanks 
NAIC working groups must address additional specifics of the catastrophe reserve 
proposal. The NAIC Blanks Task Force must approve a proposal that would add 
disclosure of the reserve amount and disclosure of annual changes in the reserve 
amount to the NAIC Property and Casualty Annual Statement. They must also add a 
description of the process to the NAIC Annual Statement Instructions. These items are 
shown in detail in Appendix F. However, the catastrophe reserve can be used before 
these items are finalized since both the Balance Sheet and Underwriting and 
Investment Exhibit contain lines for wdte-in items. 

Statutory Accounting Pnnciples 
The NAIC Statutory Accounting Principles Working Group needs to add guidance to the 
Statutory Accounting Principles. A proposed Statutory Issue Paper and Statement of 
Statutory Accounting Principles have been drafted. They can be found in Appendix D 
and Appendix E, respectively. These two items provide detailed discussion of the issue 
that the catastrophe reserve is meant to address and specifics on how a company 
would calculate its catastrophe reserve additions and draw downs. They also indicate 
the appropriate disclosures needed by a company that has established a catastrophe 
reserve. 
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Risk-Based Capital and IRIS Ratios 
The NAIC Property and Casualty Risk-Based Capital Working Group must address how 
the catastrophe reserve will be viewed in light of the current minimum capital 
requirements. The current formula is being evaluated to ascertain how to best 
incorporate the reserve in the required calculations. The NAIC Financial Analysis 
Research and Development Working Group must undertake similar analysis with 
respect to the IRIS Ratios. 

Regulatory Framework 
The NAIC Framework for Demonstrating Insurer Financial Responsibility for 
Catastrophe Loss Exposures that accompanies the Catastrophe Reserve Proposal is 
still in proposal form. However, the catastrophe reserve can be adopted and used by 
companies before the framework is finalized or implemented. There are many issues 
that still need to be addressed relative to the framework. 

• Should demonstrating financial responsibility be limited to catastrophic 
exposures? 

• Should gross exposure rather than, or in addition to, net exposure be required? 
• Are there parts of risk transfer arrangements that need to be kept confidential? 
• Should reviewing the framework be part of the more traditional financial exam? 
• How should review of the framework fit into target exams? 
• Should the reserve become mandatory in the event a proposed plan is not 

acceptable to a domiciliary commissioner?. 
• What will be required as part of an actuarial review? 
• Is it appropriate for regulators to be concerned with the mix of catastrophe 

management tools and if so, how should this be evaluated? 

Conclusion 
It is the authors' hope that this document provides guidance for both insurance 
regulators and actuaries. Insurance regulators will be responsible for reviewing 
insurance companies' catastrophe reserves. Their review is likely to encompass the 
appropriateness and adequacy of the reserve as well as compliance with statutory 
accounting requirements. Actuaries are expected to play an integral part in the analysis 
needed to establish and fund the reserve. 

Even more importantly, regulators must verify that each company has selected a 
prudent mix of catastrophe management resources in light of its unique book of 
business. Actuaries may be asked to evaluate and comment on the specifics of a 
company's overall catastrophe management program. We hope this paper contributes 
to the understanding of how the catastrophe reserve will work as part of a company's 
catastrophe risk management-program. 
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Appendices 

Explanation of Appendices 
Appendices A through F comprise the NAIC Pre-Event Catastrophe Reserve Proposal 
as adopted by the NAIC Plenary and as it has been referred to in this paper. They are 
NAIC copyrighted materials. Along with or subsequent to its adoption by the NAIC, the 
following changes to these appendices should be noted: 

1. The discussion in Appendix B about the potential treatments of assumed excess 
reinsurance resulted in the acceptance of the Model 1 factors shown in Appendix 
F. Details of the discussion may be found in the NAIC Proceedings for the June 
2001 meetings. 

2. All references to the reserve factors will be maintained by the NAIC and updated 
annually. The factors will be available via the NAIC website. Factors will not be 
part of the NAIC Annual Statement Instructions or any other instructions. This is 
to facilitate and expedite any changes to the factors as they are made. 

3. The Underwriting and Investment Exhibit, Statement of Income, found in 
Appendix F contains a typographical error. Line 4, Change in Catastrophe 
Reserve should say Page 3, Line 16, Column 1 minus Column 2. 
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Appendix A: Problem Statement 
PROBLEM STATEMENT 

NAIC TAX-DEFERRED PRE-EVENT CATASTROPHE RESERVE 

(Original Adopted July 28, 1997- Changes proposed below) 

Catastrophes present a significant challenge to the U.S. economy and to the U.S. property- 
casualty insurance industry, posing financial solvency, capital accumulation and insurance 
availability issues. 

Insurers should be encouraged to engage in prudent risk management behavior. Existing methods 
to manage insurer risk include loss mitigation, geographic spreading of  risk, reinsurance, capital 
market instruments, derivatives products and short and long-term pre and post-event financing. 
One additional method proposed to encourage prudent risk behavior - which should augment, not 
supplant those existing risk management methods - is to permit insurers to establish tax-deferred 
reserves for future catastrophes. 

Current tax laws and accounting principles discourage U.S. property and casualty insurers from 
accumulating assets specifically to pay for future catastrophe losses. Instead, payments for 
catastrophe losses are made from unrestricted policyholder surplus after the losses are incurred. 

Current U.S. tax law does not permit deduction of reserves for future catastrophe losses. 

Current U.S. accounting principles (both Generally Accepted Accounting Principles and 
Statutory Accounting Principles) applicable to property and casualty insurers: 1) limit the 
recording of loss reserves to losses which have already occurred, and 2) require the recognition 
of catastrophe premiums in periods prior to the periods in which catastrophe losses are incurred. 

Some non-U.S, insurers, because of  their domestic tax laws and accounting principles, are able to 
deduct reserves for future catastrophe losses free of tax. That ability gives those non-U.S. 
insurers a competitive advantage over U.S. insurers enabling them to attract insurance and 
reinsurance business, which would otherwise be written, by U.S. insurers. 

U.S. State insurance regulators believe that existing tax treatment of  catastrophe risk fails to 
maximize the ability of insurers to appropriately respond to catastrophe coverage related 
solvency and availability issues. State insurance regulators recognize that the portion of 
approved rates earmarked for catastrophes is intended to finance catastrophe losses that are not 
expected to occur on an annual basis. If  these funds are not set aside in a dedicated reserve for 
these losses, funds may not be available to meet policyholder obligations. Accordingly, 
regulators may be more inclined to approve catastrophe-related rates if  they were assured that the 
resultant premiums would be set aside for their intended purpose until the indicated catastrophe 
exposure has had adequate opportunity to materialize. 

Some state insurance regulators recognize that U.S. property and casualty insurers, in the 
absence of  assurance that approved catastrophe insurance rates will reflect past experience and 
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projected exposures, are reluctant to maintain or expand their catastrophe insurance writings in 
regions with significant historical or projected catastrophe exposures. 

In the absence of tax deductibility and in consideration of domestic accounting principles, a 
required or permitted catastrophe reserve would provide no additional assets to finance insured 
catastrophe claims. Requiring or permitting such a reserve without tax deductibility would 
diminish insurer's capital and would likely restrict availability of  insurance coverages to 
c o n s u m e r s .  

It is  in the public interest to consider whether current U.S. accounting principles and tax law 
should be revised to permit tax-deferred reserves for future catastrophe losses. 

While considering those steps, it is in the public interest to determine whether a tax-deferred 
reserve for future catastrophes can be structured in such a way as to provide incentives for: 

property and casualty insurers to appropriately manage their catastrophic loss exposures by 
making specific provision for future catastrophe losses while continuing to provide and 
expand catastrophe insurance coverage in regions with significant catastrophe exposure, and 

• state insurance regulators to approve catastrophe insurance rates which, among other 
appropriate factors, reflect past experience and projected exposures, 

so that the U.S. federal government and taxpayers benefit, in the form of possible reduced 
demand for catastrophe relief, as a result of these changes in the insurance regulatory and tax 
systems. 
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Appendix B: Proposal - Summary and Definitions 

PROPOSAL - SUMMARY AND DEFINITIONS 

NAIC VOLUNTARY TAX-DEFERRED PRE-EVENT CATASTROPHE RESERVES 

For regulatory purposes, certain insurers that write qualifying property lines of  business will be 
allowed to establish voluntary tax-deferred pre-event catastrophe reserves within the parameters 
set forth in the definitions and related materials set forth below. These parameters contemplate 
that such voluntary reserves will be accorded tax-deferred status under federal tax law and that 
implementation of  such reserves will not be effected until and unless such tax deferral is granted. 
Within this voluntary program, insurers may, but shall not be required to, establish and maintain 
a pre-event catastrophe reserve in excess of amounts that could be accorded tax deferred status 
under federal tax law subject to the limits set forth below. However, those insurers that choose to 
establish a tax-deferred disaster fund under federal tax law must establish and maintain a pre- 
event catastrophe reserve for statutory reporting purposes at a level not less than the outstanding 
balance of  such fund. The following definitions assume that a tax-deferred, pre-event eatastropbe 
reserve has been elected. 

This voluntary program is based on the regulatory approach that insurers will be allowed to use 
voluntary tax deferred pre event catastrophe reserves as one available tool among many to be 
financially ready to effectively deal with their catastrophe exposures. 

1. Subject  Entit ies  - Insurers shall be allowed to establish a statutory Catastrophe Reserve if  
they: (1) write property/casualty contracts for the Qualifying Lines of Business; (2) file an 
NAIC annual statement for property casualty companies and (3) are subject to federal tax 
on net income. 

2. Catastrophe Reserve - A voluntary pre-event provision for future Qualifying Losses 
within specified Thresholds attributable to Qualifying Catastrophe Events that are insured 
under Qualifying Lines of Business. An aggregate reserve for all Qualifying Lines of 
Business shall be established. 

3. Statutory Reporting A Catastrophe Reserve shall be reported in statutory financial 
statements as a separate liability; distinct from loss, loss adjustment expense and unearned 
premium liabilities. Additions to, and reductions from, the Catastrophe Reserve shall be 
reported through a Change in Catastrophe Reserve in the Underwriting Income section of 
the Statutory Statement of  Income. The Catastrophe Reserve shall be included in the scope 
of the statutory financial statement audit performed by a certified public accountant. 

4. Geographic Scope - A Catastrophe Reserve shall be established for Qualifying Losses for 
Qualifying Catastrophes to which the United States, its territories and possessions are 
exposed in the Qualifying Lines of  Business. Insurers domiciled in Puerto Rico shall not 
establish a Catastrophe Reserve for catastrophes to which Puerto Rico is exposed as a 
catastrophe reserve is already included in the Puerto Rican insurance code. 

5. Qualifying Lines  of  Business  - Fire, allied lines, farm-owners multiple-peril, homeowners 
multiple-peril, commercial multiple-peril (non-liability portion), earthquake, private 
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6.  

7. 

8.  

passenger auto physical damage, commercial auto physical damage, inland marine and non- 
proportional reinsurance for the qualified lines of business. 

Qual i fy ing Catas trophe  Events  - Wind; hail; earthquake and fire following; winter 
catastrophes such as snow, ice, freezing; fire; tsunami; flood; and volcanic eruption 
(including lahar). These events shall be 1) designated a catastrophe by Property Claims 
Service or any successor organization or 2) declared an emergency or disaster by the 
President of the United States pursuant to the Stafford Act or 3) declared an emergency or 
disaster in a similar declaration by the chief executive official of a State, territory or 
possession of the United States or the District of Columbia. 

Quali fy ing Losses - Direct and assumed losses and loss adjustment expenses incurred and 
any non-recoverable assessments, surcharges or other liabilities attributable to Qualifying 
Catastrophe Events borne by such insurer in the qualifying lines of business as reported in 
such insurer's annual statement that are attributable to one or more qualifying events, plus 
the amounts by which such losses and loss adjustment expenses have been reduced for 
contractual payments from catastrophe management resources and for salvage and 
subrogation. Qualifying Losses shall be determined and maintained by Catastrophe Year for 
purposes of determining how they apply to the Catastrophe Reserve drawdown criteria. 

Note: Catastrophe management resources may include reinsurance that meets the risk 
transfer definition contained in Statement of  Statutory Accounting Principle No. 62, 
Property and Casualty Reinsurance, of the NAIC Accounting Practices and Procedures 
Manual and qualifies for credit for reinsurance per the domiciliary state's credit for 
reinsurance law; insurance risk securitizations that constitute risk transfer or reinsurance per 
the NAIC or domiciliary state rules; unrestricted surplus, capital notes and surplus notes to 
the extent that, in combination, they exceed the insurer's Company Action Level Risk- 
Based Capital of the NAIC Risk-Based Capital Model Act; commissioner-approved support 
agreements from parent or affiliated entities such as intragroup reinsurance, stop loss, 
guarantees, net worth maintenance or other similar arrangements; voluntary tax-deferred 
pre-event catastrophe reserves as defined herein; and other risk transfer arrangements 
(including contingent equity or contingent surplus notes or contingent capital notes that, 
when issued, would meet risk-based capital credit, surplus enhancement, credit for 
reinsurance, or risk transfer requirements) as permitted by state law or regulation or 
approved by the Commissioner of the state of domicile. Catastrophe management resources 
are subject to regulatory review. 

Catastrophe Year - Catastrophe Year in concept and application is similar to the insurance 
accounting concept of accident year since it represents the identification and development 
of losses occurring within a particular calendar year. Catastrophe Year is somewhat 
different from accident year, however, since individual Qualifying Losses, which are 
attributable to a Qualifying Catastrophe Event, are included in the year in which the 
Qualifying Catastrophe Event started, disregarding the possibility that the Qualifying 
Catastrophe Event spans more than one calendar year. For purposes of determining 
Qualifying Losses, Catastrophe Year shall be determined from the time that a Qualifying 
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Catastrophe Event first occurs and shall include all Qualifying Losses attributable to that 
Qualifying Catastrophe Event regardless of the year incurred. 

9. Reserve Cap - The Reserve Cap establishes a maximum limit for the insurer's Voluntary 
Tax-deferred Pre-event Catastrophe Reserve. The Reserve Cap is calculated using a 
formula that multiplies Catastrophe Reserve Cap Factors by an insurer's net written 
premiums (including net written premiums under intercompany pooling arrangements) for 
each corresponding Qualifying Line of Business. The resulting amounts are added together 
to obtain a single aggregate Catastrophe Reserve Cap for the insurer. The Catastrophe 
Reserve shall be established and maintained at a level not to exceed the Reserve Cap. 
Additions to the Catastrophe Reserve shall be limited to an amount equal to the difference 
between the Reserve Cap and the reserve balance at the time of the addition. 

10. Catastrophe Reserve Cap Factors - The following Catastrophe Reserve Cap Factors are 
to be used to calculate the insurer's Reserve Cap. 

Fire 0.25 
Allied lines 0.85 
Farmowners Multi-peril 0.10 
Homeowners Multi-peril 0.60 
Commercial Multi-peril 0.30 
Earthquake 16.30 
Private Passenger Auto Physical Damage 0.01 
Commercial Auto Physical Damage 0.01 
Inland Marine 0.20 
Non-proportional Reinsurance for Other Qualifying Lines 0.45 

[Note: The above factors are subject to revision to accommodate non-proportional 
reinsurance for the qualifying lines of business. Alternative factors (Models 2 & 3) are 
currently being considered for non-proportional reinsurance and whether Reinsurance A 
and B should be combined or split. The factors for Model 1 are included above. Model 2 & 
3 factors are attached to the Exposure Draft.] 

The Catastrophe Reserve Cap Factors will be the same as the factors promulgated under 
federal tax law to allow tax deferral of such reserves. Given the unique prerogative of  the 
U.S. Congress over the determination of the basis for taxation, these factors may be 
updated periodically by federal law with advice and counsel from other parties, to include 
the NAIC. Any changes to such factors for use in the federal tax law shall-also be made to 
the Catastrophe Reserve Cap Factors, herein. The methodology used to determine these 
factors is included for reference in the Appendix. 

11. Reserve Drawdown/Thresholds - Drawdowns from the Catastrophe Reserve shall be made 
in accordance with the following criteria: 
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3. Drawdown for Qualifying Losses in Excess of Threshold -The Catastrophe 
Reserve shall be drawn down in an amount not to exceed the lesser of the 
amount determined under subparagraph (1) or (2): 

1) Qualifying Losses for the Catastrophe Year net of contractual payments 
from catastrophe management resources and net of salvage and 
subrogation, or 

2) Qualifying Losses for the Catastrophe Year to the extent that such 
Qualifying Losses exceed the lesser of: 

i. 100% of  the insurer's prior year Reserve Cap, or 

ii. 30% o f  the insurer's surplus at December 31 o f  the prior year. 

Note: Federal enabling tax legislation includes a second event trigger that is not included 
here subject to further discussion. 

b, Drawdown for Amounts in Excess of  Cap - The catastrophe reserve balance shall 
be drawn down to the extent it exceeds the Reserve Cap. 

c. Drawdown for Insolvency - The domiciliary Commissioner may cause an insurer to 
release the Catastrophe Reserve as a rehabilitation, conservation or liquidation 
measure or to forestall insolvency of  the insurer. 

12. Adjus tment  for Affiliate Risk Sharing Arrangements - Many insurers share risk among 
affiliates through excess o f  loss or stop loss reinsurance agreements. For such insurers, the 
reserve cap shall be computed on a consolidated basis for the participating affiliates and 
then allocated to each participating affiliate on a basis that reasonably reflects the relative 
retained exposure o f  each entity to Qualifying Losses. 

13. Effective Date and Transition - No reporting or calculation of a catastrophe 
reserve shall be required until enabling federal tax legislation is in effect, 
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Appendix C: Derivation of Line of Business Catastrophe Reserve Cap Factors 

Derivation of Line of Business Catastrophe Reserve Cap Factors 
For Voluntary Tax-Deferred Pre-Event Catastrophe Reserves 

Objective - Reserve cap factors by line of business were derived to produce a 
maximum insurance industry reserve of $40 billion when applied to 1999 net 
wri t ten premiums. The reserve cap factors are designed to reflect the historic 
variability in industry loss ratios for the relevant lines of business, as well as the 
expected catastrophe losses implied by a catastrophe model. 

Reserve Calculation Methodology 

The proposed reserve cap factors are based on the fol lowing methodology: 

1. Adjust the reinsurance A and B premiums and losses to account for the portion 
attributable to the qualified lines only (qualified lines in reinsurance A are fire, 
allied, inland marine, earthquake, private passenger auto physical damage, and 
commercial auto physical damage; qualified lines in reinsurance B are 
farmowners, homeowners, and CMP non-liability) by multiplying the reinsurance 
A and B premiums and losses by the fol lowing ratio: (reinsurance X qualified 
lines premiums ceded to non-affiliates)/(total reinsurance X premiums ceded to 
non-affiliates), where X = A or B. 

2. Combine the reinsurance A and B lines into one reinsurance line by summing the 
respective reinsurance A and B premiums and losses. 

3. Calculate industry direct incurred loss ratios (direct incurred losses and loss 
adjustment expenses divided by direct earned premiums) from 1967 through 
1999 for each of the subject lines of business based on data published by A.M. 
Best. (Farmowners data was only available starting in 1973; commercial 
multiple peril data was only available in total from 1967 through 1991 [the non- 
liability portion of CMP was available starting in 1992]; earthquake data was not 
available in 1971 and 1972; reinsurance A and B data was only available 
starting in 1976 [only total reinsurance data was available from 1976-1987; 
beginning in 1988, the data was split into the separate reinsurance lines].) 

4. Calculate the mean and standard deviation of the annual direct incurred loss 
ratios for each line. 

5. Adjust the loss ratios from step 3 such that there is no loss ratio greater than 
the mean plus one standard deviation as calculated in step 4. In other words, if 
an annual loss ratio is greater than the mean plus one standard deviation, set 
the loss ratio equal to the mean plus one standard deviation. If an annual loss 
ratio is less than the mean plus one standard deviation, do not adjust it. 

6. Calculate the adjusted mean and standard deviation of the direct incurred loss 
ratios from step 5 for each line. 
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7. Calculate a threshold loss ratio for each line, equal to the adjusted mean loss 
ratio plus t w o  adjusted standard deviations from step 6. 

8. Calculate the excess loss ratio for each line and year equal to the excess of the 
actual loss ratio over the threshold loss ratio. (It was assumed that non-liability 
represented 50% of CMP premiums and losses during the period 1967-1991. 
To reflect this assumption, any excess loss ratios during this period were 
doubled. In addition, CMP excess loss ratios for 1983-1985 were set to zero 
because the large loss ratios in those years were primarily due to inadequate 
casualty pricing rather than property catastrophes. For farmowners, the excess 
loss ratios for 1967-1972 are the homeowners excess loss ratios. For 
earthquake, the excess loss ratios for 1971 and 1972 are allied lines excess 
loss ratios.) 

9. Calculate losses in excess of the threshold loss ratio for each line by applying 
the all years sum of the excess loss ratios for each line to the 1999 direct 
wr i t ten premium. 

10. Prorate the excess losses from step 9 to a total of two  thirds of the 
projected cap (two-thirds of $40 billion based on 1999 premiums). 

11. Estimate expected catastrophe losses by line of business, based on an 
analysis of data published by a prominent catastrophe modeling firm. 

12. Prorate the expected catastrophe losses from step 11 to a total of one-third 
of the projected cap (one-third of $40 billion based on 1999 premiums). 

13. Add the amounts from steps 10 and 12 to produce an initial reserve cap by 
line of business. 

14. Calculate an initial reserve cap factor by dividing the reserve caps for each 
line (from step 13) by 1999 net wri t ten premium by line. 

15. Cap the factor in step 14 for the private passenger auto physical damage line 
of business equal to 0.01 

16. Cap the factor in step 14 for the commercial auto physical damage line of 
business equal to 0.01. 

17. Using the capped factors in steps 15 and 16, calculate the reserve caps for 
private passenger auto physical damage and commercial auto physical damage. 

18. Prorate the difference between the original private passenger auto physical 
damage and the commercial auto physical damage reserve caps from step 13 
and the reserve caps from step 17 back to the other lines and recalculate the 
reserve cap factors. 

19. Select a reserve cap factor for each line by rounding the ratios calculated in 
step 18 to the nearest 0.05, wi th a minimum factor of 0.05 (except the auto 
physical damage lines). 
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Appendix D: Statutory Issue Paper 

Statutory Issue Paper No. 

Title: 
CATASTROPHE RESERVES 

Status: 
Revised Draft of the Catastrophe Insurance Working Group February 2001 

Type of Issue: 
Property-Casualty 

S U M M A R Y  O F  I S S U E :  

Catastrophes present a significant challenge to the U.S. economy and to the U.S. property- 
casualty insurance industry, posing financial solvency, capital accumulation and insurance 
availability issues. Insurers should be encouraged to engage in prudent risk management 
behavior. Existing methods to manage insurer risk include loss mitigation, geographic 
spreading of risk, reinsurance, capital market instruments, derivatives products and short and 
long-term pre and post-event financing. One additional method proposed to encourage prudent 
risk behavior - which should augment, not supplant those existing risk management methods - 
is to permit insurers to establish a reserve for future catastrophes. 

2. Current statutory and GAAP accounting limits the recognition of loss reserves to 
losses which have been incurred. A reserve for future catastrophes is intended to 
enhance property and casualty insurers' capability to manage their catastrophic 
loss exposures by allowing specific provision for future catastrophe losses. 
Existing statutory accounting and tax treatment of catastrophe exposure fails to 
maximize the ability of insurers to appropriately respond to catastrophe related 
and availability issues. With respect to solvency issues, the current statutory 
accounting and tax treatment does not encourage the prudent accumulation of 
capital to absorb catastrophe losses. 

3. It is in the public interest to determine whether a reserve for future catastrophes can be 
structured in such a way so as to provide incentives for: 

property and casualty insurers to appropriately manage their catastrophic loss exposures 
b) making specific provision for future catastrophe losses while continuing to provide 
and expand catastrophe insurance coverage in regions with significant catastrophe 
exposure, and 

• state insurance regulators to approve catastrophe insurance rates which, among other 
appropriate factors, reflect past experience and projected exposures, 
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4. 

so that  the U.S. federal government and taxpayers benefit, in the form of 
possible reduced demand for catastrophe relief, as a result of these changes in 
the insurance regulatory and tax systems. 

This paper establishes statutory accounting criteria for recording a pre-event catastrophe 
reserve. 

S U M M A R Y  C O N C L U S I O N :  

5. Insurers writ ing property and casualty contracts as defined in SSAP 50 - 
Classifications and Definitions of Insurance or Managed Care Contracts In Force, 
wr i t ing the lines of business described in paragraph 7 below and required under 
state law to file a NAIC annual statement shall establish a catastrophe reserve 
for the purpose of paying for future catastrophe losses occurring in the United 
States and its territories and possessions. Insurers domiciled in Puerto Rico shall 
not establish the reserve for Puerto Rico risks as a catastrophe reserve is already 
included in the Puerto Rico insurance code. 

6. The catastrophe reserve shall be a separate liability on the balance sheet distinct 
f rom loss and loss adjustment expense reserves and unearned premium reserves. 
Addit ions to, and deductions from, the catastrophe reserve shall be reported 
through a change in catastrophe reserve in the underwri t ing income section of 
the statutory statement of income. 

The catastrophe reserve shall be established in the aggregate for the following lines: fire, 
allied lines, farm-owners multiple-peril, homeowners multiple-peril, commercial multiple- 
peril (non-liability portion), earthquake, private passenger auto physical damage commercial 
auto physical damage, inland marine, and non-proportional reinsurance for the Qualifying 
Lines of Business. 

The types of events that must occur for an insurer to be allowed to deduct Qualifying Losses 
(as defined in paragraph 9 below) from the catastrophe reserve are as follows: 

a. Wind 
b.- Hail 
c. Earthquake/fire following 
d. Winter catastrophes (snow, ice, freezing) 
e. Fire 
f. Tsunami 
g. Flood 
h. Volcanic eruption (including lahar) 

These events shall be 1) designated a catastrophe by Property Claims Service or any successor 
organization, 2) declared an emergency or disaster by the President of the United States 
pursuant to the Stafford Act, or 3) declared to be an emergency or disaster in a similar 
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declaration by the chief executive official of a State, possession, or territory of the United 
States, or the District of Columbia. 

9. Qualifying Losses are: direct and assumed losses and loss adjustment expenses incurred and 
any non-recoverable assessments, surcharges or other liabilities attributable to Qualifying 
Catastrophe Events borne by such insurer in the qualifying lines of  business as reported in 
such insurer's annual statement that are attributable to one or more qualifying events, plus the 
amounts by which such losses and loss adjustment expenses have been reduced for contractual 
payments from catastrophe management resources and for salvage and subrogation. 

Calculation and Basis for Reserve Additions 

10. Permissible annual reserve additions to the catastrophe reserve will be determined by applying 
catastrophe reserve cap factors to the insurer's net premiums written. Although the maximum 
permissible reserve is to be derived from premiums multiplied by an exposure factor, the 
design of  the reserve is not intended to affect rates. 

11. Catastrophe reserve cap factors, promulgated under federal law and developed and updated 
periodically with input from the NAIC, will be established for each line of business written (as 
specified in paragraph 7). These catastrophe reserve cap factors shall be applied to net written 
premiums (including net written premium under inter-company pooling arrangements) by 
qualifying line of business in order to determine the maximum permissible amount of the 
catastrophe reserve (or "'catastrophe reserve cap"). The catastrophe reserve cap factors are 
included in federal legislation and may be revised periodically. They will be maintained as 
updated for any subsequent changes, in the NAIC Annual Statement Instructions - Property & 
Casualty. 

Criteria for Catastrophe Reserve Drawdowns 

1 2. The fol lowing criteria shall be fol lowed for the drawdown of the reserve. 

a.  For purposes of the catastrophe reserve drawdown criteria, catastrophe 
year shall be determined from the t ime that a qualifying event's first loss 
occurs and shall include all qualifying losses (as defined in paragraph 9) 
related to that qualifying event regardless of the year incurred. 
Catastrophe year in concept and application is similar to the insurance 
accounting concept of accident year since it represents the identification 
and development of losses occurring within a particular calendar year. 
Catastrophe year is somewhat different from accident year, however, 
since individual losses, which are part of a catastrophic event, are 
included in the year in which the catastrophic event started, disregarding 
the possibility that the event spans more than one calendar year. 
Qualifying losses shall be maintained by catastrophe year. 

13. Reserve Drawdown/Thresholds - Drawdowns from the Catastrophe Reserve shall be made in 
accordance with the following criteria: 



14. 

a. D r a w d o w n  for Qualifying Losses in Excess of  Threshold - The 
Catastrophe Reserve shall be drawn down in an amount not to exceed 
the lesser of the amount determined under subparagraph 1 ) or 2): 

1) Qualifying Losses for the Catastrophe Year net of contractual 
payments from catastrophe management resources and net of related 
subrogation and salvage, or 

2) Qualifying Losses for the Catastrophe Year to the extent that such 
Qualifying Losses exceed the lesser of: 

i. 100% o f  the insurer's prior year Reserve Cap, or 

ii. 30% o f  the insurer's surplus at December 31 of  the prior year. 

Note: Federal enabling tax legislation includes a second event trigger that is not included here 
subject to further discussion. 

b. D r a w d o w n  for  Amounts  in Excess of  Reserve Cap - The catastrophe 
reserve balance shall not exceed the reserve cap (the sum of the 
amounts obtained by multiplying each line of business reserve cap factor 
by its corresponding net wr i t ten premium for the insurer). The reserve 
shall be drawn down to the extent the balance of the reserve exceeds 
the reserve cap. 

Drawdown for Insolvency - The insurer's domiciliary Commissioner may cause an 
insurer to release the reserve as a rehabilitation, conservation or liquidation measure 
or to forestall insolvency. 

Many insurers share risk among affiliates through excess of  loss or stop loss reinsurance 
agreements. For such insurers, the reserve cap should be computed on a consolidated basis for 
the participating affiliates and then allocated to each participating affiliate on a basis that 
reasonably reflects the relative retained exposure o f  each entity to Qualifying Losses. 

Disclosures 

15. The annual financial statements shall disclose a reconciliation o f  the catastrophe reserve 
between years, including: 

a .  

b. 
C. 

d. 

The balance o f  the catastrophe reserve at the beginning o f  the year; 
The annual reserve addition; 
Drawdowns o f  the reserve, including the nature o f  the drawdown; (i.e. qualifying 
losses, amounts in excess o f  the reserve cap, etc.) 
The balance o f  the catastrophe reserve at the end o f  the year. 

Effective Date and Transition 



16. No reporting or calculation of a catastrophe reserve shall be required until 
enabling federal tax legislation is in effect. 

DISCUSSION: 

17. 

18. 

19. 

20. 

21. 

Under the preamble to the NAIC Accounting Practices and Procedures Manual 
effective January 1, 2001, it is contemplated that special reserves m a y  be 
established for regulatory solvency. That provision of the preamble provides the 
basis for the establishment of this reserve. 

Consistent wi th the solvency and conservatism concepts in the Statutory 
Accounting Principles Statements of Concepts and Statutory Hierarchy, the 
statutory accounting model uses numerous accounting methods to accomplish 
the objective of reporting a company's statutory financial position to 
demonstrate solvency. Notwithstanding the accounting guidance in SSAP 5 and 
SSAP 55 recording of a catastrophe reserve is consistent wi th the solvency and 
conservatism concepts. 

The catastrophe reserve does not meet the definition of a liability, which is set forth in SSAP 5 
- Liabilities, Contingencies and Impairments of Assets. Nor does the catastrophe reserve meet 
the definition and characteristics of a liability as defined in FASB Statement of Concepts No. 
6 - Elements of Financial Statements. However, it is consistent with the "ultimate objective of 
solvency regulation" as stated in the Statement of Concepts. This states: 

The ultimate objective of solvency regulation is to ensure that policyholder, contract holder 
and other legal obligations are met when they come due and that companies maintain capital 
and surplus at all times and in such forms as required by statute to provide an adequate margin 
of safety. 

Additionally, recording the catastrophe reserve, as a liability is consistent with 
the Statement of  Concepts, which states: 

Liabilities require recognition as they are incurred. Certain statutori ly mandated 
liabilities may also be required to arrive at conservative estimates of liabilities and 
probable loss contingencies. 

This issue paper is consistent wi th certain principles discussed in SSAP 60 - 
Financial Guaranty Insurance regarding a contingency reserve. Similarities can be 
draw between the calculation of the contingency reserve as specified in SSAP 60 
and the calculation of the catastrophe reserve as specified in this issue paper. 
Both reserves are o n  a pre-event basis and reference premiums wri t ten. The 
purpose of both is to protect policyholders. 

The statutory accounting principles outlined in the conclusion above are 
consistent wi th the conservatism and recognition concepts in the Statement of 
Concepts. Pertinent excerpts fol low: 
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Conservatism 

Financial reporting by insurance enterprises requires the use of substantial judgments and 
estimates by management. Such estimates may vary from the actual amounts for numerous 
reasons. To the extent that factors or events result in adverse variation from management's 
accounting estimates, the ability to meet policyholder obligations may be lessened. In order to 
provide a margin of protection for policyholders, the concept of conservatism should be 
followed when developing estimates as well as establishing accounting principles for statutory 
reporting. 

22. A catastrophe reserve wi thout  tax-deductibi l i ty would diminish an insurer's 
capital and would likely have the effect of restricting availability of insurance 
coverage to consumers in catastrophe prone areas. It is anticipated that tax- 
deductibil i ty of the catastrophe reserve wil l  provide incentive for insurers to wri te • 
in catastrophe prone areas and should result in greater availability of insurance 
and increase risk-bearing capacity to cover catastrophic exposure. 

23. The specified treatment of the annual reserve additions and qualifying losses do 
not meet the defined recording and treatment of claims, losses, loss/claim 
adjustment expense, unpaid claims, unpaid losses and unpaid loss/claim 
adjustment expenses as defined in SSAP 55 - Unpaid Claims, Losses, and Loss 
Adjustment Expenses or FASB Statement No. 60, Accounting and Reporting by 
Insurance Enterprises (FAS 60). These pronouncements specify that the event 
must have occurred for a liability to be recorded and an estimate of the ultimate 
cost must be determined. However the treatment is consistent wi th the 
nul t imate objective o f  solvency regulations n as stated in the Statement of 
Concepts, please refer to paragraph 18 above. 

RELEVANT LITERATURE: 

Statutory Accounting Practices and Procedures 

Preamble to the NAIC Accounting Practices and Procedures Manual 
Statutory Accounting Principles Statement of Concepts and Statutory Hierarchy 
SSAP 5 - Definition of Liabilities, Loss Contingencies and !mpairments of 
Assets 
SSAP 55 - Unpaid Claims, Losses, and Loss Adjustment Expenses 
SSAP 60 - Financial Guaranty Insurance 

Generally Accepted Accounting Principles 

FASB Statement of Concepts No. 6 - Elements of Financial Statements 
FASB Statement No. 60 - Accounting and Reporting by Insurance Enterprises 
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State Regulations 

Puerto Rico Statues, Title 26, Ins. Code §25.010, Reserve for Catastrophic 
Insurance Losses 

Florida Statues, Title XXXVII, Chapter 627, Insurance Rates and Contracts 
§067.062 
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Appendix E: Statement of Statutory Accounting Principles 
Statement of  Statutory Account ing Principles No. __  

Catastrophe Reserves 

Scope of Statement 

1. This statement establishes statutory accounting principles for a pre-event catastrophe reserve for 
property and casualty companies. 

Summary Conclusion 

2. Insurers writing property and casualty contracts as defined in SSAP 50 - Classifications and 
Definitions of Insurance or Managed Care Contracts In Force, writing the lines of business 
described in paragraph 4 below and required under state law to file a NAIC annual statement 
shall establish a catastrophe reserve for the purpose of paying for future qualifying catastrophe 
losses occurring in the United States and its territories and possessions. Insurers domiciled in 
Puerto Rico shall not establish the reserve for Puerto Rico risks as a catastrophe reserve is 
already included in the Puerto Rico insurance code. 

3. The catastrophe reserve shall be a separate statutory liability on the balance sheet distinct from 
loss and loss adjustment expense reserves and unearned premium reserves. Additions to, and 
deductions from, the catastrophe reserve shall be reported through a change in catastrophe 
reserve in the underwriting income section of the statutory statement of income. 

4. The catastrophe reserve shall be established in the aggregate for the following lines: fire, allied 
lines, farm-owners multiple-peril, homeowners multiple peril, commercial multiple-peril (non- 
liability portion), earthquake, private passenger auto physical damage, commercial auto physical 
damage, inland marine, and non-proportional reinsurance for Qualifying Lines of Business. 

5. The types of  events that must occur for an insurer to be allowed to deduct qualifying losses 
(defined in paragraph 6) from the catastrophe reserve are as follows: 

a) Wind 
b) Hail 
c) Earthquake/fire following 
d) Winter catastrophe (snow, ice, freezing) 
e) Fire 
0 Tsunami 
g) Flood 
h) Volcanic eruption (including lahar) 

These events shall be 1) designated a catastrophe by Property Claims Service or any successor 
organization, 2) declared an emergency or disaster by the President of the United States 
pursuant to the Stafford Act, or 3) declared to be an emergency or disaster in a similar 
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declaration by the chief executive official of a State, possession, or territory of the United 
States, or the District of Columbia. 

6. Qualifying losses are: Direct and assumed losses and loss adjustment expenses incurred and any 
non-recoverable assessments, surcharges or other liabilities attributable to Qualifying 
Catastrophe Events borne by such insurer in the qualifying lines of business as reported in such 
insurer's annual statement that are attributable to one or more qualifying events, plus the 
amounts by which such losses and loss adjustment expenses have been reduced for contractual 
payments from catastrophe management resources and for salvage and subrogation. 

7. Calculation and Basis for Reserve Additions 

a) Annual reserve additions for each insurer shall not exceed the catastrophe reserve cap. The 
catastrophe reserve cap is the sum of the amounts determined by multiplying the catastrophe 
reserve cap factor for each qualifying line of business by the insurer's net written premium 
for the corresponding qualifying line of business. 

b) Catastrophe reserve cap factors, promulgated under federal law and developed and updated 
periodically with input from the NAIC will be established for each line of business written 
(as specified in paragraph 4). These catastrophe reserve cap factors shall be applied to net 
written premiums (including net written premiums under inter-company pooling 
arrangements) by qualifying line of business in order to determine the maximum permissible 
amount (or "reserve cap") of the catastrophe reserve. The catastrophe reserve cap factors are 
included in federal tax legislation and may be revised periodically and will be maintained in 
the NAIC Annual Statement Instructions - Property & Casualty. 

8. Criteria for Drawdown of the Catastrophe Reserve 

The following criteria shall be followed for the drawdown of the reserve: 

a.  For purposes of the catastrophe reserve drawdown criteria, catastrophe year shall be 
determined from the time that a qualifying event's first loss occurs and shall include all 
qualifying losses (as defined in paragraph 6) related to that qualifying event regardless of the 
year incurred. Catastrophe year in concept and application is similar to the insurance 
accounting concept of accident year since it represents the identification and development of 
losses occurring within a particular calendar year. Catastrophe year is somewhat different 
from accident year, however, since individual losses, which are part of a catastrophic event, 
are included in the year in which the catastrophic event started, disregarding the possibility 
that the event spans more than one calendar year. Qualifying losses shall b e  maintained by 
catastrophe year. 

b. The Catastrophe Reserve shall be drawn down in an amount not to exceed the lesser of the 
amount determined under subparagraph 1) or 2): 

1) Qualifying Losses for the Catastrophe Year net of contractual payments from catastrophe 
management resources and net of subrogation and salvage, or 
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C, 

d. 

2) Qualifying Losses for the Catastrophe Year to the extent that such Qualifying Losses 
exceed the lesser of: 

i. 100% o f  the insurer's prior year initial reserve cap, or 

ii. 30% o f  the insurer's surplus at December 31 o f  the prior year 

Note: Federal enabling tax legislation includes a second event trigger that is not included here 
subject to further discussion. 

The catastrophe reserve shall be drawn down to the extent it exceeds the reserve cap. 

The insurer's domiciliary commissioner may cause an insurer to release the reserve as a 
rehabilitation, conservation or liquidation measure or to forestall insolvency. 

Many insurers share risk among affiliates through excess o f  loss or stop loss reinsurance 
agreements. For such insurers, the reserve cap should be computed on a consolidated basis for the 
participating affiliates and then allocated to each participating affiliate on a basis that reasonably 
reflects the relative retained exposure of  each entity to Qualifying Losses. 

Disclosures 

I0. The annual financial statements shall disclose a reconciliation o f  the catastrophe reserve between 
years, including: 

a) The balance o f  the catastrophe reserve at the beginning o f  the year; 
b) The annual reserve addition; 
c) Drawdowns o f  the reserve, including the nature o f  the drawdown (i.e. qualifying 

losses, amounts in excess o f  the reserve cap, etc.); 
d) The balance o f  the catastrophe reserve at the end o f  they year. 

Effective Date 

1 1. No reporting or calculation of a catastrophe reserve shall be required until enabling 
federal tax legislation is in effect. A change resulting from the adoption of this 
statement shall be accounted for as a change in accounting principle in accordance 
with SSAP No. 3 - Account ing Changes and Corrections o f  Errors. 

Authoritative Literature 

Statutory Accounting 
• Preamble to the NAIC Accounting Practices and Procedures Manual 
• Statutory Accounting Principles Statement o f  Concepts and Statutory Hierarchy 
• SSAP 5 - Definition o f  Liabilities, Contingencies, and Impairments o f  Assets 
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• SSAP 55 - Unpaid Claims, Losses and Loss Adjustment  Expenses 
• SSAP 60 - Financial Guaranty Insurance 

Relevant Issues Papers 
• Issue Paper No. _ . _ ,  Catastrophe Reserves 
• Issue Paper No. 5 - Liabilities, Contingencies, and Impairments o f  Assets  
• Issue Paper No. 55 - Unpaid Claims, Losses and Loss Adjustment  Expenses 
• Issue Paper No. 69 - Financial Guaranty Insurance 
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S S A P  No .  _ _  - Exh ib i t  A I m p l e m e n t a t i o n  G u i d a n c e  
Voluntary tax-deferred pre-event catastrophe reserve calculation rules 
For insurer's that choose to use the reserve, the reserve balance calculation should be completed on 
an a n n u a l  bas i s  in the order as listed below. 

1. Calculate the annual reserve cap and thresholds. 

2. Determine the allowable drawdown for qualifying losses. 

3. Reduce the reserve balance for the amount of  qualifying losses to be drawn down from the 
reserve subject to the limit in 2 above. 

4. Determine the maximum amount of  the annual reserve addition allowed by subtracting the 
remaining reserve balance from the reserve cap. 

5. Add the desired reserve addition to the remaining balance o f  the reserve subject to the 
limitation in 4 above 

Determine i f  the resulting balance exceeds the reserve cap, i f  so, reduce the reserve for  any 
balance in excess of  the reserve cap. 

The determination of qualifying losses is a complicated procedure since all losses shall be 
maintained by catastrophe year. Catastrophe year in concept and application is similar to the 
commonly understood insurance accounting concept of accident year since it represents the 
identification and development of losses occurring within a particular calendar year. Catastrophe 
year is somewhat different from accident year, however, since individual losses that are part of a 
catastrophic event are included in the year in which the catastrophic event started, disregarding the 
possibility that the event spans more than one calendar year. 

The development of losses from a qualifying event shall be continuously maintained. Losses from a 
qualifying event might not reach the qualifying loss threshold for several years after the year of 
occurrence. Accordingly, each company shall maintain losses by catastrophe year and, their 
qualifying loss limitation thresholds for each year as a permanent benchmark. Once the annual 
determination of qualifying losses is completed for the current year the qualifying losses are 
deducted from the reserve. Favorable loss development should not be used to re-establish reserves 
previously drawdown. 

The reserve cap is the sum of the amounts determined by multiplying the catastrophe 
reserve cap factor for each qualifying line of business by the insurer's net written 
premium for the corresponding qualifying line of business. 

6. 
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Appendix F: Proposed NAIC Annual Statement Instructions for P&C Insurance Companies 
Proposed NAIC Annual Statement Instructions for 

Property and Casualty Insurance Companies 

Line 16 - 

L IABILITIES,  S U R P L U S  AND O T H E R  FUNDS 

Catastrophe Reserve 

Include: Amounts for catastrophe reserves. Refer to SSAP # , Voluntary Tax-deferred Pre-event 
Catastrophe Reserves for guidance regarding these amounts. 

The following represents the catastrophe reserve cap factors as specified in SSAP # , paragraph 7. 
These factors are used in the calculation of catastrophe reserve cap, which limits annual reserve 
additions. 

Fire 0.25 
Allied lines 0.85 
Farmowners Multi-peril 0.10 
Homeowners Multi-peril 0.60 
Commercial Multi-peril 0.30 
Earthquake 16.30 
Private Passenger Auto Physical Damage 0.01 
Commercial Auto Physical Damage 0.01 
Inland Marine 0.20 
Non-proportional Reinsurance for Qualifying Lines 0.45 

[Note: The above factors are subject to revision to accommodate non-proportional reinsurance for the 
qualifying lines of business. Alternative factors (Models 2 & 3) are currently being considered for non- 
proportional reinsurance and whether Reinsurance A and B should be combined or split. The factors for Model 
1 are included above. Model 2 & 3 factors are attached to the Exposure Draft.] 
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ANNUAL STATEMENT FOR THE YEAR 200~ OF THE 

LIABILITIES, SURPLUS AND OTHER FUNDS I 2 
C ~ t  Y ~  P n o r Y ~  

I Losses (Part 3A. Line 32, C o l u m n  5) 
I 2 R e i n s u r e  payable on paid loss and loss adjustment e x p e ~  (Schedule F, Pan I, Colum 6) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ~ adjustment expenses (Pa~ 3A, Li~  34, C o l u ~  9) 
* 4. Commiss/ons payable, conting~t comrniu/om and cgber slmil~ chmge* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5 Otht~ ~pcnses (©xchtdin8 taxes, l i ¢ ~ s  md fee~ ) 
• 6 T ~ ,  licenses mid f ~  (inc]uding $ ~ t  dcfened t ~  liability) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• 7 Federal and foreign i ~ o ~  t ~  (exctudmg defend tax~) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 Borrowed money $ . . . . .  and i n t u i t  thereon $ 
9 Unearned l w c m i ~  (Pan 2A, Line 36, C o l ~  5) 

( a t~  deducting unearned pfermu~ for ceded reiasurav~© of $ ....... and including w~amy r ~  of $ . . . . . . .  ) 

10.1~videaxts ductared md unpaid 
101 Stockhoidetl 

• 102 Pollcyhoide~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
103 Ceded r e i ~ e  prewa tt ~ payaHe (n¢1 of ceding ¢ocmmssio~) 

• II Funds held by company undur ~ i ~  t~aties (scbadule F, Pan 3, C o l u ~  14) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. 12 Amoums withheld or rcta~nad by company for gcoum of others . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
13 RelC~anc~ and items not alk)ca~ed 

• 14 P m v ~ i o n  f ~  ~ 3 s u n m ~  ( S c h e d u k  F ,  P m  7 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
15.Ne~ adjuJa~ts in e s e t s  a n d  liaE liti~ due to foreign exChange rate~ 

• 16 Catasmyphe ~ e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
l?  lkaf~ omuan~ng 

• 18.Payable to parrot, subsidiaks and a ffiliat ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

19 Payable for secuntit~ 

21.Capital not~ $ . . . . . . . . . . . . . . . . .  m ~ l  i n l e t  thereon $ 
22 Aglpegate write.ins for tiaSlilies . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

23  T o U l  l i a b i l l t  k : s  ( L i ~  I through 22) 
• 24 Aglpagme m e - i r a  fm special s u r p l ~  f i tads . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• 25 C o r e r n o n  cap i ta l  st  o c k  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

26 Pref~ed cap i ta l  stock 
• 27.Aggregate w~e-ins for other than special surpl~ f u n d s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

28 S ~  notes 
• 29 Gro~ paid m and ~ntribmed surplus . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3O U ~ s i g ~ d  f m i d s  ( s u ~ l ~ )  
I Less  . e a s m 7  szock,  a t  ~ s l  

• 31 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  t h a ~  c o ~ n  (~]ue included in Line 25 $ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

31 2 ...... s h ~  prefmed (value i ~ ) u d e d  in Line 26 $ ) 
32 Surplus m ~gar ds poi/cyhohk'rs (Lines 24 to 3O, le~ 31) (Page 4, L i~  38) 
33 TOTALS IP~e 2, Line 24, Col 4) 

DETAILS OF WRITE-ENS 
2201 

• 22O2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2203 
i 2298 .  S U ~  of r ~ i n i n g  writ e-i~ for L i~  22 ~r~ o~t%w page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2299 T o r a h  ( l . h ' ~  2201  th rouEh  2 2 0 3  p lus  2 2 9 8 )  ~L ine  22 above )  

• 2401 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• 24O2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
24O3 

i 2498 Summa~ of r ~ i n i n g  write-ira for L i~  24 fiom o~flow page . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2499. Totals (Lines 2301 tNou~h 2403 pl~ 2498) (Line 24 abut )  

• 2701  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• 2 7 0 2  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2703 
• 2798 Sunumry of ~ i n i n g  write-i~ for Li~ 27 fc . . . . .  f l o w  p a g  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . .  i i  . . . . . . . . . . . . . . . .  

2799 Totab ( ~  2701 throul~h 2703 plus 2798) ( Lkne 27 abo~ ) 

66 



Line 4 - 

UNDERWRITING AND INVESTMENT EXHIBIT 
STATEMENT OF INCOME 

Change in Catastrophe Reserve 

Include: Additions to and drawdowns from the catastrophe reserve. 
Refer to SSAP # , Voluntary Tax-deferred Pre-event Catastrophe Reserves 
for guidance regarding these amounts. 
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ANNUAL STATEMENT FOR THE YEAR 2003 OF THE 

~ E R W R I T ~ G  AND EqVESTMENT EXHIBIT I Pllor2y 
STATEMENT OF INCOME Cmrem Year 

UNDERWRITING I N C O M E  

I. Prcmlums e ~ e d  (Pro ~ L i~  34. Column 4) 
DEDUCTIONS 

2 Loe.set lucun,ed (Pa~t 3. Line 34. Column 7) 
• 3 Loss expen..~s/ncurred (PaR 4, L i~  25, C o l ~  I ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

• 4 Change in Cataslmphc Rce.erve (Page 3, Line 16, Colum 2 min~ Column I) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

5. Oth~ imdmvntlug exper~es incen~d (pall 4. Line 25, Co lu~  21 
. 6. Allgnagate *ah©-im for enderwraiag d e d e c t ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

7. Total wadetwrlt ing ded~'tion~ (Lin~ 2 through 6) 
i 8. Net undc~vaqtiag gall or (loss) (Line I mines Line 7) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i .................................................................. 

EqVESTMENT E~COME 

9. Net invesmk-lg lu¢o~ earned (pml I. L i~  I $) 
10. Net ~l i=ed capital gains ~ (Io~tes) (part IA. Line 10) 

• I I  N¢1 lu~tment ga/n or (luss) (Lille~t 9 + I 0) .................................................................................................................................................................................................................... 

OTI~R E~COME 

12. Net gain or (lugs) from agents' or ~ bukuges chwgad off 
(amount ~ m e d  $ moem chaq~ed off $ ...................... . . . . . . . . . . . . .  j 

i t3. F i n ~  and ~ i o e  ehaagea hoe h~htded in wemiums . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I ...................................................................... 
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19 Federal and fol eign inco~  t ~  incurred ............ • ................................... 
~0 Net l uco~  (Line 18 n'dn~ Line 19) (to Li~  22) 

CAPITAL AND SURPLUS ACCOUNT 

21 Surplus as reg~ds polk:yholde~, Deeemb~ 3 ) w i ~  ye~ (Page 4. Line 37. C o i n ~  2). 

GAINS AND (LOSSES) IN SURPLUS 

22 Net i ~  (from Line 19) 
• 23 Net eraealized capltal gains ~ ( l u g )  (pa~ I A, Line I I) ....................................................................................................................................................................... 
. 2 4  Change in net deferred i ~ m e  tax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

25 Change in nonadmlucd asset~ (Exht~k  I, Line 6, Col. 3) 
• 26. ChanBe kl Wovluion f ~  ralraerknce (Page 3, Line 14, C o l u ~  2 minus C o l u ~  I) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

27. Change in net ~ l i z e d  fo~iga exchaage capital galn or (lug) 
25. Change in smpl~ notes ........................................................................................................................................... 
29. Cumaluti~ effect of ch~g~  in a ~ n t l u 8  pfi~iples ............................ ' .................................. 
3O Capr i  eh~mgas: 

30 IPaldin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• 30 2T fares feted from s ~ ] ~  ( Stock I~vldend) ............................................................................................................................................................................................. 

30.3T~.s fened  w ~ r p l ~  
31 S ~  a d j ~ m ~ s :  " 

311 Pald in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
• 31 2 Transferred to capital (St~k Dividend) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3 ] 3 Trtr6fen'ed from capital 
• 32 Ne~ remittmce~s flora ~ (to) Home Office ...................................................................................................................................................................................................... 

3 3  Dividends In  st ~khok lu r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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N O T E S  T O  F I N A N C I A L  S T A T E M E N T S  

The financial statements shall disclose the following: 

a .  

b. 
C. 

d. 

T h e  b a l a n c e  o f  the  c a t a s t r o p h e  r e se rve  at  the  b e g i n n i n g  o f  the  year ;  
The annual reserve addition; 
Drawdowns of  the reserve, including the nature of the drawdown (i.e. qualifying losses, 
amounts in excess of  the reserve cap, etc.); and 
The balance of the catastrophe reserve at the end of  the year. 

Note: Refer to SSAP # , Voluntary Tax-deferred Pre-event Catastrophe Reserves for 
the guidance on calculating and maintaining catastrophe reserves. 

Illustration: 

i. Catastrophe Reserve Balance at the Beginning of  Year $ 
ii. Current Annual Reserve Addition to the Catastrophe Reserve $ 
iii Current Drawdowns from Qualifying Losses $ 
iv. Current Drawdowns for Amounts in Excess of the Reserve Cap $ 
v, Catastrophe Reserve Balance at the End of the Year $ 
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Appendix G: Other Countries'Approaches 
As mentioned in the text, we gathered information from other countries with respect to 
insurance companies' ability to establish pre-event reserves. A brief description of each 
is provided here. We are aware that France, Mexico and Puerto Rico all have reserves 
of this nature also, but the details were not available to us. 

Barbados 
In Barbados, non-life insurance companies are allowed to establish a Catastrophe 
Reserve Fund to cover natural catastrophes only. This fund is tax deductible and is 
accounted for as an appropriation of retained earnings. Annually, each company may 
deduct 20% of its net premium income up to a limit of 100% of its shareholder's equity, 
from its property insurance business, to be added to its Catastrophe Reserve Fund. 
The occurrence of any catastrophic event, as defined in the statute, can trigger the 
release of the reserve. 

Canada 
Canadian insurers are required to establish pre-event reserves to cover nuclear liability 
exposures and, at certain levels, to cover earthquake exposures. Each reserve is 
established differently based upon the exposure it is meant to cover. In the case of the 
nuclear liability, companies are required to establish an appropriation of surplus equal to 
100% of the net written premiums, less commission, for the nuclear liability policies. To 
cover earthquake exposures, property and casualty companies must demonstrate that 
they have sufficient resources to absorb losses of a certain level. Otherwise, there is a 
requirement to carry a reserve, again an appropriation of surplus, up to a certain level. 
Upon meeting established financial requirements, a company can set aside a reserve 
on a voluntary basis. Both mandatory and voluntary reserves are tax deductible. 

Finland 
In Finland, non-life insurance companies are required to establish what we would call 
pre-event reserves. These reserves serve as an equalization provision 1 for years in 
which the loss ratio of the accounting year exceeds the average loss ratio from previous 
years. All classes of business are covered by the equalization provision. Companies 
domiciled in Finland are also required to establish a pre-event reserve to cover a 
collective guarantee item in statutory motor vehicle liability and in statutory workers' 
compensation insurance. In Finland there is a joint liability among insurance companies 
writing these lines of business in case of an insolvency of one of the companies. This 
collective guarantee item is meant to cover part of the expenses paid by the company 
due to an insolvency of another company. These liabilities are tax-exempt. 

Germany 
In Germany, property/casualty insurers and reinsurers are required to establish an 
equalization provision and a large risk provision. These provisions are tax deductible. 
The equalization provision applies to all insurance lines and is concerned with normal 

i In Finland, Germany and Switzerland a provision is a liability, used to pay claims, while a reserve is equity. 
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claims fluctuations occurring at random. It is based upon the assumption that claims 
vary from year to year and ensures that the yeady fluctuations are spread out evenly. 
The large risk provision is required for nuclear installation insurance risk and 
pharmaceutical product risk insurance. It is concerned with fluctuations during the year, 
which occur because of individually exceptional claims, by providing a further layer of 
reserve over the general equalization reserve. 

ita~ 
In Italy, companies are required to supplement unearned premium reserves for hail and 
other natural catastrophes. Companies are also required to establish equalization 
reserves, which cover nuclear energy and credit risks as well as natural catastrophes. 
All reserves of this type are tax deductible. Italian law also requires an auditing 
company to opine on all annual accounts. An actuary must support the auditor and 
provide a certification of the sufficiency of all technical reserves, including pre-event 
reserves. 

Japan 
In Japan, it is mandatory for non-life insurance companies to establish a catastrophe 
provision. This provision is partially tax-deductible, depending upon the class of 
business. The main objective is to cover natural catastrophes, however it is not limited 
to them. The release of the fund is determined by the written paid loss ratio regardless 
of the event. 

Switzerland 
Equalization reserves are required in Switzedand for credit insurance and are allowed 
for other classes of business. Normally, the taxing authority allows the provision to be 
tax deductible if it is stipulated by law or by the supervisory authority and financed by 
policyholders. These provisions are established not only to cover natural catastrophes, 
but also to equalize fluctuations in long-tail lines of business. Companies are also 
allowed to establish a liability that serves as equity, financed by shareholders and is 
therefore not tax deductible. 

United Kingdom 
In the United Kingdom, companies are required to maintain tax-deductible equalization 
reserves. They are established based upon a formula and a set of rules for the transfer 
of funds in and out and for the maximum permitted reserve. This requirement covers 
the fol!owing lines of business: property and proportional and non-proportional property 
reinsurance, business interruption and proportional and non-proportional business 
interruption reinsurance, ocean marine, aviation, nuclear risks and credit insurance. 
The company's auditors should check the amount carried as part of the audit. 
Companies are allowed to release the reserve if their loss ratio calculation for the year 
for the relevant lines of business is greater than the trigger ratio, or if the company's 
business in the relevant lines decreases so that the carried reserve is greater than the 
permitted maximum. 
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Appendix H: Detailed Example 
Annual statements must show specified information about catastrophe reserve 
additions, balances and drawdowns. The calculation of the maximum dollar amount 
allowed in the reserve at the end of a year could easily be based on the company's 
Underwriting and Investment Exhibit, Part 2B and the reserve cap factors mentioned 
above and described in Appendix C. This calculation is shown in Exhibit 2, below. 

The calculation illustrated in Exhibit 2 makes some assumptions about how a company 
would calculate its reserve cap. 
1. The proposal does not specify the data source for the company's net written 

premium. In this example, the company's 2000 Annual Statement, Underwriting and 
Investment Exhibit, Part 2B was used. 

2. The proposal does not define how a company calculates its split between 
commercial multiple peril liability and non-liability portions, although the reserve cap 
factor is to be applied to only the non-liability portion. The proportion can be 
estimated by looking at lines 5.1 and 5.2 on the company's state pages, which show 
direct written premium but not net written premium. Company B does not write any 
CMP, so this was not needed in Exhibit 2. The countrywide percentage of non- 
liability CMP was used for companies F and G, which did not report any direct 
written premium. The calculations for companies F and G are found in Exhibit 1. 

3. For excess reinsurance, some companies may report certain lines of insurance in 
Reinsurance A while others may report the same lines in Reinsurance B. For this 
reason, a Single factor, adjusted to reflect the catastrophe-prone property lines only, 
is used for both of these net written premium amounts. 

4. The data is on an individual company basis. Many companies are in a group, and 
have risk sharing arrangements among affiliated members. "For such insurers, the 
reserve cap should be computed on a consolidated basis for the participating 
affiliates and then allocated to each participating affiliate on a basis that reasonably 
reflects the relative retained exposure of each entity to Qualifying Losses." [5] 

5. While the proposal does not differentiate between reinsurance agreements with 
affiliates and non-affiliates, the annual statement page does. This might be helpful 
information in analyzing net PMLE, as discussed in the paper. 
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LiNE 

1 Fire 44,391,571 

2 Allied lines 43,444.00, s 

3 Farmowners multiple peril 

4 Homeowners multiple peril fi37.211,01! 

5 Commercial multiple pen1 

6 Mortgage guaranty 

8 Ocean marine 1fi.fi29,72i 

9 Inland madne 63,633,95~ 

10 Financial guaranty 

Medical malpractice - 
11.t occurrence 

Medical malpractice - 
11.2 claims-mede 

12 Eadhqu;Dke 16,443,18; 

13 Group accident and health 

Credit accident and health 
14 (group and individual) 

15 Other accident and health 

18 Workers' compensation 104.3fi' 

17.1 Other liability - occurrence 67.706,541 

17.2 Other liability - daims-mede 

products IlabM#y - 
18.1 occurrence 

products liability - claims- 
18.2 made 

Pdvate passenger auto 

Exhibit 2 
Company B 

2000 UNDERWRITING INVESTMENT EXHIBIT PART 2B - 009 
(1) (2a)  I ( 2 b )  (3a)  I ( 3b )  (4) (5) (6) 

Reinsurance Assumed Reinsurance Ceded (4) X (5) 

Direct From Non To Non Net Premiums Reserve Cap Reserve Cap 
Business From Affiliates Affiliates TO Affiliates Affiliates Written 

13,235 493,695 1,779.501 664,83C 42.4fi4,17~ 

G 1,o74,559 750.038 3,708,54( 40,O60,01Q 

o o 

55~ 364.183 334,787 47,881,19~ 789,359,772 

0 0 O 

0 0 O 

G 0 0 4oo.931 15,228,797 

O 610 1 .887 .021  E1,746,327 

O 0 (~ O 
! 

0 0 

0 139,001 13,765,654 2.455,512 

O 0 (Y O 

C 0 O 

0 O 

13,254 O 0 117,60~ 

315.623 0 0 6,641,361 fil,380,783 

O O O 

962,fi35 0 0 962,935 
I 

O 0 O[ O I 

19.1 tiabilfiy 1,245,407,09~ 

19.3 Commercial auto liability 31,08! 

21 Auto physical damage 1 ,IO9,8fi6.041 

22 Aircraft (all perila) 

23 Fidelity 

24 Surety 

2~ Burglary and theft 

27 Boiler and machinery 

28 ~red~ 

29 Intemafional 

6,282,755 32,993,020 9,976,505 9,1fifi,49S 1,265,517,863 

9,24(~ 151,955 71,297 120,981 

4,332.464 11.219,223 2.532,723 4,266,12S 1.118,638,883 

14,O28,239 0 O 14,028,23g 

0 0 

O 0 

O 0 

G 0 0 

0 0 

0 

Reinsurance - 
nonpmpertienal assumed 

30A property 1,200,184 0 1,200,184 

Reinsurance - 
nonpmpeninnal assumed 

30B liebilfiy 1,890,81C 0 1,890,81( 

Reinsurance - 
nonproportk)nal assumed 

3OC financial lines 0 

Aggregafo wdte-tns for 
31 other lines o1 business 0 0 

32 Totals 3,443,888.563 29,049,29. ~ 46,296,66~ 15.634,462 88,404,19i 3.415,195,57; 

Factor Amount  

0.25 10,613,543 

0.85 34,051,0og 

0.10 

0.60 473,615,fi63 

O.3C 0 

G 

C 

0.201 12.349.26~ 

0 

G 

0 

16.30 40,562,746 

0 

G 

C 

C 

0 

0 

C 

0 

0 

0 

0.01 11,16fi,38g 

0 

C 

C 

0.45 540,08~ 

0.45 850,86E 

583.769,761 
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National Association of Insurance Commissioners. NAIC Proceedings, 1995 - 2001 
inclusive. Kansas City, MO. 

The NAIC Proceedings provide minutes from its meetings. The interested reader is directed to 
the minutes of the Property and Casualty (C) Committee during the times listed above. The 
Catastrophe Reserve Subgroup and the Catastrophe Insurance Working Group also have 
minutes that may give additional detail. 

Representative Foley. 107 th Congress. H.R. 785 "Policyholder Disaster Protection Act 
of 2001." 2/28/2001. House of Representatives. 1/21/2002. 
http://www.theorator.com/bills 107/hr785.html/ 

The text of the bill as it was introduced to the House Ways and Means Committee can be found 
at the above website as well as in the Congressional Record. 

Rep. Foley, Mark. HR785 "Bill Summary and Status for the 107 th Congress." 
112112002. http : l l thomas. loc. .qovlc.qi-b in lbdquerylz?d10 7 : h.r. O0 7 85 :l 

We have found this website to be a useful tool in checking the status of various bills. 

United States Government, Internal Revenue Code of 1986. Title 26, Subtitle A, 
Chapter 1, Subchapter L, Part II, Sections 831 and 832. 

Other sections of the Internal Revenue Code are referenced in these Sections; however, we did 
not analyze them. The interested reader may wish to do so. 
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Abstract 

Between 1992 and 2000, significant reserves increase announcements were made by 
several major property/liability insurers. These reserves increases were for the 
purpose of  funding expected asbestos and environmental liability. Although most 
analysts agree that U.S. insurers are underreserved for asbestos and environmental 
liability, how the market reacts to an insurer's announcement of  an increase in these 
reserves has not been analyzed. An insurer that is significantly underreserved is 
likely to be viewed by the market as lacking f'mancial stability for the long term. 
However, when a company increases its reserves there is a charge to income and a 
reduction in capital. If surplus is diminished sufficiently as a result of  the increased 
reserving, regulatory attention and eroding shareholder and market confidence could 
result as well. The goal of this study is twofold. First, by calculating the sample 
insurers' cumulative abnormal returns surrounding the largest asbestos and 
environmental reserves increase announcements made between 1992 and 2000, the 
study estimates and documents the market's reaction to these reserves increase 
announcements. Second, by considering the market reaction for both announcing 
and non-announcing fLrms, the study seeks to evaluate the reasons for this reaction. 
Using market data for both announcing and non-announcing insurers with potential 
environmental exposure provides a useful paradigm for identifying the most likely 
explanation for the market's reaction to the announcements of environmental 
reserves increases. 

When looking at reserves increase announcements from 1992 to 1995, we find that 
most insurers announcing large increases in asbestos and environmental reserves 
experience a significant reduction in stock price in the days surrounding the 
announcement. During the period 1996 to 2000, a period during which additional 
information disclosures of  A & E payments and reserves were required of  insurers, 
many of  the announcing insurers saw little impact on their stock prices. We find 
some evidence that the additional required accounting disclosures provided valuable 
valuation information to the market. We also find that with the exception of  the 
largest announcement, the stock price reaction is isolated to the announcing firm, 
indicating that the announcement by one firm does not impact the market's 
assessment of the entire industry. 
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Introduction 

During 1992 and 1993, four insurers (ITT Hartford, Aetna, CNA and Travelers) announced 

significant reserves increases for the purpose of  funding expected asbestos and environmental 

(A&E) liability. In addition, over a period of  four months during 1995, four other reserves increase 

announcements were made by Swiss Re America, Fi reman's  Fund, Aetna, and Cigna. Also, during 

this same period, CNA acquired Continental Corporation and Zurich Insurance Group acquired 

Home Holdings,  both acquisitions prompted at least in part by A & E liability problems of  the 

targeted firms. Alan Levin, managing director o f  Standard and Poor 's  described the events of  1995 

col lect ively as "perhaps the most  significant event in the property/casualty industry in decades. ' ' l  

Later in 1995, Nationwide followed with the announcement of  an increase in its A & E liability 

reserves as well. 2 

Although most analysts agree that U.S. insurers are underreserved for A & E liability, 3 how 

the market  reacts to an insurer 's  announcement of  an increase in A & E reserves remains unclear. 

An insurer that is significantly underreserved is l ikely to be viewed by the market  as lacking 

financial stability for the long tenn. However, when a company increases its A & E liability 

reserves there is a charge to income and a reduction in reported capital. I f  surplus is diminished 

l Aetna's reserving turns up pressure, Business Insurance, July 17, 1995, p. 1. 

2 An extensive search for the reserves increase announcements made through 1995 has been conducted. For the 
period 1996 through 2000 a preliminary investigation into A & E reserves announcements suggests that there were 
eighteen significant announcements made during this period that also are relevant and will be included in the study. 

3 In 1995, Standard and Poor's (S&P) and Tillinghast estimated that U.S. insurers' environmental liability - including 
amounts already paid or reserved - was somewhere between $40 and $60 billion. S&P also estimated that the total 
amount reserved by U.S. insurers for this exposure was around $12 billion (Lenckus, 1995). A.M. Best analysts later 
reported in 1998 that net asbestos and environmental reserves were deficient by approximately $41 billion (Sclafane, 
1998). While by 2000, Best has not had an opportunity to revisit ultimate loss estimates since 1997, they state that 
"intuitively, [they] do not think insurers are that close to being fully funded [for asbestos and environmental liability]" 
(Sclafane, 2000). 
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sufficiently as a result of the reserving, regulatory attention and eroding shareholder and market 

confidence could result as well. Yet, Sean Mooney, former senior vice president at the Insurance 

Information Institute, stated that "the reduction in capital [as a result of increasing environmental 

reserves] can be viewed as positive as it removes some of the excess 'paper' capital from the 

industry, and thus can lead to firmer pricing. ''4 

The goal of this study is twofold. First, the study estimates and documents the market's 

reaction to the reserves increase announcements made between 1992 and 2000. 5 The announcement 

of a reserves increase could have one of three effects on the market price of insurers with A & E 

liability exposure: 1) a statistically significant positive effect; 2) a statistically significant negative 

effect; or 3) no significant effect. Each outcome contains specific information about the market's 

ability to detect understated reserves and the value assigned to changes in loss reserves. Although 

some anecdotal evidence currently exists, the market reaction to changes in A & E reserves has not 

been statistically assessed. Second, by considering the market reaction for both announcing and 

non-announcing firms, the study seeks to evaluate the reasons for this reaction. Using market data 

for both announcing and non-announcing insurers with potential A & E exposure provides a useful 

paradigm for identifying the most likely explanation for the reaction to the announcements ofA & E 

reserves increases. This provides a unique opportunity to evaluate the information effect associated 

with these dramatic announcements. 

4 Insurer Glasses Are Both HalfFult and Half Empty, National Underwriter (Property~Casualty Edition), October 24, 
1994, p. 43. 

5 Market price data are not available for mutual insurers. However, announcements made by mutual insurers will be 
used in the portion of the analysis where the price reaction of non-announcing finns is evaluated. 
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The impact o f  A & E reserves increases on the market value of  insurers has become an 

increasingly important issue for regulators with the introduction of  Footnote 24 by the NAIC (see 

Simpson, 1996) 6. Starting with 1995 filings (which were made public in 1996), insurers are required 

to provide a five-year history of  environmental reserves and claim payments. Given that our study 

includes announcements made over the period 1992 to 2000, the results will allow us to determine if 

the information provided as a result of  Footnote 24 has changed the way in which the market 

interprets the reserves announcements made by insurers. This enables us to construct a meaningful 

test o f  the value o f  this additional information disclosure that has been mandated by the regulators. 

The remainder of  the study is divided into five sections. The next section of  the paper 

provides a brief review of  the prior research related to this study. This is followed by discussions 

related to the data, as well as the methodology and hypotheses used in the paper. The results of  the 

paper are presented and the conclusions and implications o f  the study are outlined in the final two 

sections. 

Pr ior  Li terature 

Event study methodologies similar to the one used in this paper have been used to assess the 

overall impact of  a variety of  issues on shareholder wealth. Examples o f  these issues include: 

regulatory changes (Chen and D'Arcy, 1986; Moore and Schmit, 1987; and Horton and Macro, 

1998), changes in business strategies (VanDerhei, 1987; Alahegbe, Borde, and Madura, 1993; and 

McNamara, 1997), as well as the reporting of  increases in liabilities or large losses (Sprecher and 

Pertel, 1983; Davidson, Chandy, and Cross, 1987; Baginski, Carbeth, and Oleega, 1991; Lamb, 

6 Although when the new reporting requirements were introduced the A&E reserves exhibit was referred to as 
Footnote 24, subsequent additions have resulted in the actual footnote number varying from year to year in the annual 
statement blank. Our reference here to Footnote 24 is to the NAIC's requirement that the reposing insurer provide 
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1995; and Cagle, 1996). This framework allows us to determine whether the announcement contains 

new, valuable information for the shareholders. If  the announcement conveys new information that 

changes investors' views of the firm's value, then thero, will be a significant change in the stock 

price around the announcement. If  investors had already built the information into their assessment 

of the firm's value, or if it will not have a meaningful impact on the firm's value, then there will not 

be a significant change in the stock price. As stated earlier, industry analysts have publicly stated 

that insurers are viewed as being dramatically underreserved in the area of A & E liability 

(Sclafane, 1998; Sclafane, 2000). 7 Based on this fact, it is questionable as to whether new 

information will be conveyed in these announcements. Event study methodologies also create a 

means to quantify how the market perceives the announcement. As mentioned earlier, investors 

could view the announcement of the increase in A & E reserves as an event that either increases or 

decreases the firm's value. 

In addition to assessing the impact on the announcing firm, other authors have used event 

study methodologies to assess the impact of announcements on other fu-ms in the industry. For 

example, Fenn and Cole (1994) investigate the impact that the announcements related to the 

investment problems at First Executive and Travelers had on the stock prices of other life insurers. 

The decision to manage loss reserves in an effort to achieve financial goals also has been 

documented in several studies. For example, Grace (1990) and Gaver and Paterson (1999) find that 

insurers have incentives to overstate loss reserves in an effort to reduce tax liabilities. On the other 

information on its five-year historical pattern of payments and reserves for environmental exposures. 
7 In a 2001 study, A.  M. Best estimates property-liability insurers will ultimately incur more than $121 billion in net 

A&E losses. It projects that the industry's unfunded asbestos position is $33 billion and environmental exposures are 
underfunded by $24 billion. 
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hand, financially troubled firms often understate loss reserves in an effort to reduce the level of  

regulatory scrutiny (see Petroni, 1992 and Gaver and Paterson, 1999). Incentives to smooth earnings 

through managing loss reserves are documented by Weiss (1985) and Grace (1990). Additionally, 

Nelson (2000) comments that insurers implicitly discount loss reserves to reflect the time value of 

money. In this case, insurers making large changes in A & E loss reserves face these same financial 

implications from their adjustments. Given insurance companies' incentives to manipulate loss 

reserves to achieve a variety of  financial goals, there is some question as to the degree of  credibility 

that a reserves increase announcement will have with investors. Christensen, Hoyt, and Paterson 

(1999) comment that the credibility placed on insurers' earnings announcements is tempered by the 

level of  ability and the incentives managers have to manage earnings. 

Also, prior researchers have argued that due to high monitoring costs investors holding the 

equity of  financial firms (i.e., banks and insurance companies) are "rationally uninformed" about the 

quality of  their assets and liabilities. Polonehek and Miller (1996) empirically demonstrate that the 

level of  these information asymmetries is even higher for insurance companies than for commercial 

banks. Fenn and Cole (1994) and Avila and Eastman (1995) provide additional evidence that 

investors are relatively uninformed regarding insurer asset quality and, hence, new information is 

likely to have valuation relevance. For property-liability insurers the heterogeneity and complexity 

of  the risk assumed, as well as the considerable managerial discretion available in setting reserves, 

arguably contributes to even greater information asymmetries with respect to the firm's liabilities. 

These factors make the insurance industry an especially interesting environment in which to evaluate 

the relevance of  public information releases such as reserves increases. We anticipate increased 

relevance relative to firms in non-financial industries and would expect reserves adjustment 
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announcements during periods of  increased uncertainty to be especially relevant to the valuation of  

security prices. 

Data 

For our analysis we calculate the sample insurers' cumulative abnormal returns surrounding 

the A & E reserves increase announcements made between 1992 and 2000. The sample of insurers 

includes those firms that in 1985 were writing "other liability" insurance, which includes 

environmental liability and comprehensive general liability (CGL) policies, s This information is 

available on the NationalAssociation oflnsurance Commissioners (NAIC) data tapes. This group of  

insurers is compared to a listing of  insurers whose stock is currently traded on one of  the open 

exchanges. Then the list is compared with information from Best's Review regarding the "50 

Largest Writers of  Other Liability Insurance" for the years 1985, 1975 and 1967. Additionally, the 

list was compared to the set of  insurers with A & E exposures that were analyzed in a study by 

Standard & Poor's (1995). The final sample of insurers includes 25 publicly-traded insurers that had 

potential exposure to A & E liability. We believe that insurers entering the A & E liability lines of  

insurance after 1985 are not likely to announce significant revisions in their A & E loss reserves 

during the 1990's. This expectation is based on the fact that pollution exclusions substantially 

limited A & E exposures arising from policies written after 1985. 

s 1985 was chosen since most commercial liability policies were modified to contain so-called "absolute" pollution 
exclusions after 1985. The name of the CGL was changed effective in 1986 from "comprehensive" general liability to 
the "commercial" general liability policy. 
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The environmental liability exposure information (volume of  "other liability" insurance 

written) is obtained from the 1985 National Associations of Insurance Companies (NAIC) Database. 

Data regarding the 1992 through 2000 event dates and other announcements related to the sample 

insurers have been identified through a Lexis/Nexis search of the Wall Street Journal, Business 

Insurance and the National Underwriter (Property~Casualty Edition). Finally, preliminary stock 

price data have been collected from the Center for Research in Security Prices (CRSP) data tapes. 

Table 1 provides a complete listing of  firms included in the sample and Table 2 provides a 

listing of  the announcement dates and the amount of  the reserves changes for the announcing firms 

in our sample. In our study we identified 16 announcements made by 12 f'mns during the years 1992 

through 2000. The reserves increases ranged from $134 million to $1.5 billion. Of  the total number 

of  firms in the sample, 40 percent (10 out of  25 - the other two announcing firms are not publicly 

traded) announced an increase in A & E reserves during the time period. 

Methodology 

In the empirical analysis, firms are designated as announcing firms for event dates for which 

they announced a change in A & E loss reserves. All other firms are designated as non-announcing 

firms for that event data. In order to determine if an announcement had a significant impact on the 

shareholders wealth, the following methodology is utilized. 

First, the expected returns for each insurer are estimated by fitting the market model given in 

equation (1) to the insurer's historical returns. 

Rit=ai+~iRmt+~:it, t=  1, . . . ,T,  (1) 
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where 

Rit 

Rmt = 
Ui = 

T = 
Eit 

return on shares of  insurer i at time t, (Pricet+l - Pricer + Dividend)/Pricet, 
the CRSP equally*weighted market return at time t, 
a coefficient representing the return o f  insurer i that is independent of  the 
market, 
a constant representing the market sensitivity of  insurer i, 
number of  time periods, 
a n  e l T o r  telTn.  

We estimate all market model parameters using OLS regression analysis over a one-year estimation 

period up to day -5  (e.g., five days before the announcement), relative to the reserves adjustment 

announcement date and employ the CRSP equally weighted market index in market model 

regressions. This is done to develop an estimate of  what the stock's return relative to the market 

would have been in absence of  a major event, 

Once the expected return is estimated, abnormal returns for each insurer are calculated by 

taking the difference between the insurer's actual returns and its expected returns, as shown in 

equation (2). 

ARi, = R. - (ai + 13iP~t) (2) 

Cumulative abnormal returns for each insurer are computed by summing the abnormal returns over 

an event window from tl to t2, as shown in equation (3). 

t2 
CARi(tl,t2) = X ARit (3) 

t=t! 

The cumulative abnormal returns for each fwm are calculated for the two-day period from the day 

prior to the event date through the day of  the event (days -1 and 0). The procedure is followed for 

both the announcing firm and all of  the non-announcing firms. T-tests (and non-parametric tests) are 

conducted to determine if  the cumulative abnormal returns for each firm are statistically different 
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from zero. Significant changes in the firm's cumulative abnormal returns indicate that the market 

has revised its estimation of  ftrm value based on the announcement. 

Hypotheses Development 

As stated previously, the announcement of  an increase in reserves could have any one of  the 

following effects on the market price of  an insurer with A & E liability exposure: 1) a statistically 

significant positive effect; 2) a statistically significant negative effect; or 3) no significant effect. 

Each outcome provides important information concerning the market 's ability to detect the 

misstatement of  loss reserves prior to the announcement, as well as the impact that the 

announcement has on firm value. 

Impact on Shareholder Wealth for the Announcing Firms 

Two hypotheses support a positive stock price reaction for an announcing firm. First, the 

market may reflect a prior overestimation of  the expected A & E liability of  an insurer and the 

reserves increase announcement indicates a lower expected assessment of  liability by the insurer. 

Second, the market already has adjusted for the extent of  potential environmental liability, but it 

expects the increase in reserves to result in a decrease in expected taxes and a resulting increase in 

firm value. 9 

The hypothesis supporting a negative stock price reaction of  the announcing firm states that 

the market underestimated the A & E liability of  the insurer and the announcement verifies a higher 

expected assessment of  liability by the insurer. No significant stock price reaction suggests that the 

9 Merritt Insurance Report (Jan 8, 1996, p. 12) states that "'the IRS will announce its intent to investigate several 
insurers concerning "questionable" A 86 E loss reserve increases" and "will focus on whether or not these reserve 
increases were tax deferral or avoidance mechanisms." 
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market already has properly assessed the insurer's environmental liability and the insurer is simply 

recognizing a liability that was already fully discounted in the market price. 

Impact on Shareholder Wealth for Non-announcing Firms 

Interestingly, the effect of  one f inn 's  reserves adjustment announcement on the stock prices 

of  other firms is likely to provide the most insight into the explanation for a stock price movement of  

the announcing firm. A positive or negative stock price movement around the event date of  a firm 

that is not increasing its reserves suggests that the market misestimated the A & E liability for the 

entire industry and is adjusting stock prices of  all insurers exposed to A & E liability to account for 

this misestimation. An increase of the stock price of  the announcing firm coupled with no 

significant stock price movement for the non-announcing firms supports the previously stated tax 

deferral hypothesis. A decrease of  the stock price of  the announcing firm coupled with no 

significant stock price movement for the non-announcing firms would suggest that the 

announcement is providing new information to investors regarding the announcing firm, but is not 

affecting the market's overall assessment of  A & E liability exposures for the industry. 

The likelihood of a statistically significant price reaction, positive or negative, will be greater 

the more uncertainty investors face. In those situations additional information released to the market 

will be more likely to affect the market's assessment of  firm values. 

Table 3 provides a summary of the hypotheses related to the potential impact of  the 

announcement of  increases in A & E liability reserves on the market price of  announcing and non- 

announcing firms. 
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Results 

Due to the possible impact of  the NAIC's increased disclosure requirements (Footnote 24), 

we review our results over the two periods 1992 to 1995 and 1996 to 2000. The NAIC's disclosure 

requirements were effective for 1995 annual statements which would have been available in early 

1996. Cumulative abnormal returns for the announcing insurers are presented in Table 4. Four of  

the six announcements in 1992 to 1995 resulted in negative and significant CARs for the announcing 

insurers. These results suggest that the market determined that new and negative information on the 

announcing firms was introduced in these announcements. The largest of  these CARs was 

associated with the announcement by CNA which represented the largest reserves increase 

announcement during the period of  our study ($1.5 billion). 

During the period 1996 to 2000 three of  the seven announcements resulted in negative CARs 

for the announcing insurers. However, one announcement, by Allstate, resulted in a positive CAR. 

Also, it should be noted that the second announcement by Reliance Group came when the insurer 

was already plunging into serious financial difficulties that ultimately resulted in its insolvency. Of 

particular interest in these results for the 1996 to 2000 period is the fact that the CARs for the f'wst 

three announcements in 1996 were not negative and significant. These axe the first announcements 

that occur after the Footnote 24 requirements were established. Given the statistically significant 

negative results for the announcing firms during the 1992 to 1995 period, the statistically 

insignificant results for these first three post-Footnote 24 announcements suggest that the 

information provided as a result of  Foomote 24 is sufficient for the market to adequately assess the 

insurer's reserves position. However, while we would require more data to reach a solid conclusion, 

the statistically significant negative reaction to the AIG announcement in 2000 may signal that these 
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statutory statement disclosures are no longer sufficient for the market to formulate complete 

assessments of  an insurer's A & E exposures. 

While the shareholders of  the announcing firms experienced a decrease in shareholder 

wealth, in most cases, the shareholders of  non-announcing firms were not impacted. With the 

exception of  the largest environmental liability announcement, non-announcing firms do not 

experience significant changes in stock price around the event dates. This suggests that the market 

viewed most of  the announcements as providing information on the individual insurer and not on the 

market as a whole. 

It is worth noting that the CNA announcement is the one that produced a statistically 

significant negative result for the non-announcing firms. Results associated with the CNA 

announcement are presented in Table 5. Not only was this announcement the largest of  any of  the 

sample announcements, it also occurred fairly early in the time period, only four months after the 

initial ITT Hartford announcement. Also, the CNA reserves announcement was reportedly tied to 

the company's decision to reach a settlement with an insured (Fibreboard) that was facing "tens of  

thousands of  [asbestos-related] claims" (see Greenwald, 1993). The decision to reach a settlement 

with Fibreboard was prompted by a San Francisco Superior Court judge's ruling that each claim 

constituted a separate occurrence and that Chubb, the parent of  another of  Fibreboard's insurers, 

owed Fibreboard the duty to defend and indemnify them for each claim. Also contributing to the 

decision to settle was the "trend toward mass tort actions and consolidated litigation, which do not 

give the defendant the opportunity to adequately defend themselves because they are grouped with 

others" (Greenwald, 1993). It appears that it was not only the amount of  the increase that prompted 
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the statistically significant negative result for the other insurers, but also the circumstances that 

reportedly led to the announcement. 

We also employ cross-sectional regressions in which we measure the incremental effects of  

various characteristics of  the firm (size, volume ofA & E exposed insurance written, etc.) and of  the 

announcements (size of  adjustment, prior adjustments, etc.) on the magnitude of  beta-adjusted 

returns. In this analysis we follow the approach of  several prior event studies. Z° As an example of 

the construction of  these cross-sectional regressions, one variable that is included on the right-hand 

side o f  the regressions ofaU announcements is a variable reflecting the A & E liability exposure of 

each of  the sample insurers. Each insurer's exposure to A & E liability is measured by the percent 

of"other liability" insurance to total insurance written in 1985. This information is contained in Part 

2 of  the Underwriting and Investment Exhibit of  the statutory annual statement. The insurers' 

cumulative abnormal returns are then regressed against the degree of  environmental liability 

exposure in 1985 to determine the effect of  the reserves increase announcements on the stock price 

of  the fn'm. This was done in a multivariate framework so that a number of  relevant factors can be 

assessed simultaneously. Thus far, the results o f  this additional analysis have been inconclusive. 

to See, for example, in an insurance context Baginski, Corbett, and Ortega ( 1991 ) and Marlett and Pacini ( 1999); and 
in a general context Schwert (I 981) and Binder (1985). 
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Conclusions and Implications 

While many industry experts have stated that the insurance industry is underreserved with 

respect to asbestos and environmental liability exposures, it appears that the market has not fully 

discounted firm value to reflect the potential understatement of liabilities. For the period 1992 to 

1995, the majority of announcements of increased asbestos and environmental reserves were 

associated with a decrease in firm value for the announcing firm. 

In reaction to concerns over the magnitude ofA & E exposures and the adequacy of insurers' 

reserves for these exposures, the NAIC required with the filing of 1995 annual statement blanks that 

insurers provide additional information on A & E claims and reserves (the five-year exhibit that was 

initially referred to as Footnote 24). We find some empirical evidence that is consistent with the 

notion that the information made public by the Footnote 24 requirements is meaningful to the 

market. 

However, with one notable exception, the A & E reserves increases did not result in a change 

in the market's assessment of firm values for the non-announcing insurers. Our results are 

consistent with the idea that public information releases will be most influential on the market's 

assessment of firm values when financial statement disclosures are inadequate (lack of transparency 

in accounting information) and when uncertainty is greatest. 

Our findings have important implications for valuation actuaries. First, they show that the 

market is not consistently able to adequately detect large misstatements of loss reserves. This 

suggests that accurate reserves statements by actuaries are critical and that adjustments to erroneous 

ones do have an effect on the market's assessment of firm value. Second, faced with the potential 

reduction in firm value and possible increase in regulatory costs, insurers have the incentive to 
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understate or further delay the announcement of  increased asbestos and environmental liability 

reserves. In reviewing reserves actuaries must be cognizant of  this potential conflict'in incentives. 

After several years of  relative quiet in the A & E area, 2001 saw a dramatic jump in the 

number of  reserves increase announcements by insurers and concerns over the magnitude of  

insurers' A & E exposures (American Academy of Actuaries, 2001; Banham, 2001; Lemke, 2002). 

Due to data limitations we are not yet able to evaluate the 2001 announcements. Given the increased 

attention to and uncertainty associated with A & E liabilities, at some point it will be especially 

informative to extend the analysis in our study to the announcements made during 2001. 
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Table 1 
Sample Firms 

1992-2000 

Announcing Firms Non-announcing Firms 

Aetna 
Allstate Insurance Group 

American International Group 
American Reinsurance 

Cigna 
CNA 

Fireman's Fund (Allianz) 
ITT Hartford 

Reliance Group 
Travelers 

American Financial Group 
American General Group 

Berkshire Hathaway 
Chubb Group 

Fremont Insurance Group 
General Reinsurance Group 

Home Insurance Group (Zurich Re) 
Kemper National Group 
Lincoln National Group 

Ohio Casualty Group 
Old Republic Group 

Orion Group 
St. Paul 

TIG Insurance Group 
Onited States Fidelity & Guaranty 
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Table  2 
Event  Dates  for Years  1992 - 2000  

Event 

ITT Hartford 
Aetna 
CNA 
Travelers 
Swiss Re America 
Fireman's Fund 
Aetna 
Cigna 
Nationwide 

American Re 
Aetna 
Reliance Group 
Allstate 
ITT Hartford 
Reliance Group 
AIG 

Date 

10/1/92 
2/3/93 
2/8/93 
10/14/93 
4/12/95 
6/23/95 
7/13/95 
10/2/95 
12/12/95 

1/30/96 
2/8/96 
6/27/96 
10/9/96 
10/21/96 
6/15/99 
10/27/00 

Amount of Increase 

$582M 
$180M 
$1.5B 
$325M 
$700M 
$800M 
$750M 
$1.2B 
SlAB 

$587M 
amount unknown 
$134M 
$245M 
$543M 
amount unknown 
amount unknown 
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Table 3 

Summary of Hypotheses 

Impact on Stock Price Announcing Firms Non-announcing Firms 

Positive 

Negative 

No Effect 

-The market over estimated the 
expected A&E liability for the 

insurer 

-The market had adjusted for the 
expected A&E liability but it expects i 
that the announcement will decrease 

taxes 

-The market underestimated the 
A&E liability 

-The market has already properly 
assessed the insurers A&E liability 

-The market misestimated the A&E 
liability for the entire industry 

-The market misestimated the A&E 
liability for the entire industry 

(If  found with a positive move in 
stock price for the announcing finns 

this is supportive of the tax 
hypothesis) 
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Table 4 
Cumulat ive Abnormal  Returns  for Announcing Insurers  

( Insurer ' s  own announcement)  

Announcing Insurer  CAR (-1,0) 

_.0285 °* 

Event Date 

Aetna 2/3/93 

CNA -.0352"* 2/8/93 

Travelers .0012 10/14/93 

-.0056 F i reman ' s  Fund  (Allianz) 

Aetna 

6/23/95 

-.0254"* 7/13/95 

CIGNA -.0108" 10/2/95 

American Re .0097 1/30/96 

Aetna -.0074 2/8/96 

Reliance Group .0017 6/27/96 

Allstate .0224 *° 10/9/96 

ITT Hartford -.0118" 10/21/96 

Reliance Group -.2222"* 

-.0532** AIG 

CARs are significant at p=.05 

CARs are significant at p=.01 

6/15/99 

10/27/00 
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Table 5 
Cumulat ive Abnormal  Returns  for the CNA Announcement  

Insure r  

CNA Announcement  
(2/8/93) 

Aetna 

CNA -.0352"* 

Travelers  -.0331"" 

CIGNA -.0253" 

Average CARs for other insurers 

" CARs for these insurers are significant at p=.05 
"" CARs for these insurers  are significant at p~.01 

CAR (-1~0~ 

-.0109" 

-.0111" 

For  the other 15 announcements  the CARs for the announcing and non-announcing 
insurers  are not statistically significant 
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M a t e r i a l i t y  a n d  S t a t e m e n t s  o f  A c t u a r i a l  O p i n i o n  

ABSTRACT 

How should practicing actuaries consider materiality in the context of formal Statements of Actuarial 

Opinion? The specific issue ofmateriality has come to the forefront for easnalty actuaries recently 

with the requirements of Actuarial Standard of Practice (ASOP) 36. 

The Actuarial Standards Board Casualty Committee's Subcommittee on Reserves was involved in 

drafting ASOP 36. After its third draft, the Subcommittee held a heating on the proposed standard. 

There were many controversial issues expressed at the hearing, especially those involving 

materiality. While the Subcommittee admitted that a standard of practice on the topic ofmateriality 

itself was perhaps a good idea, the implementation of ASOP 36 went forward, despite pointed 

opposition by many actuaries. 

This paper will address materiality from external points of view (i.e., U.S. Supreme Court, Securities 

and Exchange Commission, Financial Accounting Standards Board), then present findings from 

research on material@ standards commonly used by both the actuarial and regulatory communities. 

Next, we present a framework for determining material@ thresholds in the context of the Statement 

of Actuarial Opinion for practicing actuaries ranging from the very simple (roles of thumb) to the 

more complex (stochastic modeling). 

This paper presumes the reader is well versed in the requirements of ASOP 36 and has a good 

working knowledge of the requirements for Statements of Actuarial Opinion promulgated by the 

National Association of Insurance Commissioners (NAIC). 
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Materiality and Statements of Actuarial Opinion 

Introduction 

Casualty actuaries have not had to deal with the issue ofmateriality explicitly until ASOP 36 became 

effective for Statements of Actuarial Opinion prepared subsequent to October 15, 2000. For many 

actuaries, the issue of  materiality is nebulous, falling under the general banner of  "actuarial 

judgment." While this may be teelmically true, it's fair to say that most practicing actuaries' sense 

of  materiality may be very different from that of the users of  the actuarial work products. 

This paper is an attempt to begin a serious dialogue within the actuarial community on materiality. 

It is not an issue easily dismissed as being "in the eyes of the beholder." Critical issues face the 

actuary in making determinations of materiality and become readily apparent when discussing the 

results of  a work product with outside third parties, such as regulators, auditors or rating agencies. 

Of  course, there are many ways to look at materiality. The focus of  this paper will relate to 

materiality considerations associated with formal Statements of  Actuarial Opinion, but the general 

discussion will have more far-ranging implications elsewhere. 

According to a recent draft of  a document by the American Academy of  Actuaries regarding the 

"Actuaries' Responsibilities to Users of Tbeir Work Products", regulators have suggested that some 

actuaries may be meeting the letter of  regulatory requirements without satisfying their underlying 

intent, perhaps due to the actuary's efforts to mitigate the eosts of regulatory compliance. With some 
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of  the perspectives provided in this paper, the author attempts to heighten the sensitivities of 

practicing actuaries as to the perspectives of  the regulatory community and other users of  the 

actuarial work products. 

Where do we look for guidance in addressing materiality? There are several sources within the 

literature and in case law that provide perspectives important to any discussion ofmateriality. With 

such historical perspectives, we will then discuss issues unique to the property/casualty insurance 

market. We will supplement the general discussion with findings gleaned from a survey of  

regulators and feedback from practitioners subsequent to the 2000 reserve opinion season. 

We then suggest a multiple-trigger threshold for determining materiality and try to put that in 

context, given the perspectives of  several audiences to the actuarial work product. The process 

considers both quantitative and qualitative factors. We finish with commentary on the use of  

judgment by the actuary, not as a panacea, but as an affirmative obligation that should not be taken 

lightly. Reconciling differing views of  materiality from our various audiences will perhaps be the 

biggest challenge for actuaries. Lastly, we provide four briefcase studies with relevant commentary 

on the approach used for determining materiality. 

This paper will focus on statutory Statements of Actuarial Opinion that relate to requirements 

promulgated by the NAIC. We recognize there are other Statements of  Actuarial Opinion that must 

adhere to the professional guidelines of ASOP 36 (such as for self-insured entities or non-U.S. 

domiciled companies). Nevertheless, much of  the discussion in this paper will be relevant for 

Statements of  Opinion that are not specifically prepared under the auspices of  the NAIC 
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requirements. 

If the comments herein provoke controversy and discussion within the actuarial community, the 

author will deem the paper a success. 

ASOP 36 and Materiality 

ASOP 36 requires the actuary to consider materiality from a variety of perspectives. The issue itself 

is o f such importance that the Valuation, Finance and Investment Committee (VFIC) of the Casualty 

Actuarial Society (CAS) prepared a special document discussing materiality considerations for the 

practicing actuary. In particular, ASOP 36 requires materiality to be considered in at least the 

following ways: 

Determining whether to issue a qualified opinion; 

Determining the need for disclosure of significant risks of material adverse deviation; 

Consideration of factors likely to affect the actuary's reserve analysis; and, 

Determining the need for a number of other disclosures. 

The VFIC document is attached as an Appendix to the Property and Casualty Practice Note, prepared 

each year by the Committee on Property and Liability Financial Reporting (COPLFR) of the 

American Academy of Actuaries. We recommend all readers of this paper first be familiar with the 

VFIC document, as it presents many of the issues in general terms. 
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The requirements of  ASOP 36 indicate that when evaluating materiality within the context of  a 

reserve opinion, the actuary should consider the purposes and intended uses for which the actuary 

prepared the Statement of  Actuarial Opinion. The actuaryis instructed to evaluate materiality based 

on professional judgment, materiality guidelines or standards applicable to the Statement of  

Actuarial Opinion. 

When the ASB Casualty Committee' Subcommittee on Reserves discussed questions regarding 

preliminary drafts of  ASOP 36, there was a general feeling that a separate standard of practice on 

materiality would probably be a good idea, but that the lack of such a standard was not critical to the 

use of  ASOP 36 by practicing actuaries. So, we had to look elsewhere for guidance on materiality. 

Search For Guidance 

Where should we look for guidance on materiality? Let us start with guidance from outside the 

insurance market generally, then move to guidance from sources specific to the property/casualty 

insurance market. We will begin with pronouncements of  the Financial Accounting Standards Board 

(FASB), the Securities and Exchange Commission (SEC) and the U.S. Supreme Court. We then 

follow with a discussion from the guidance from VFIC, the NAIC Financial Condition Examiners 

Handbook and the Accounting Practices and Procedures Manual. 

According to the FASB Statement of  Accounting Standard Number 5, the omission or misstatement 

of  an item in a financial report is material if, in the light of  surrounding circumstances, the magnitude 

108 



of  the item is such that it is probable that the judgment of  a reasonable person relying upon the report 

would have been changed or influenced by the inclusion or correction of  that item. From this 

author's reading of  that standard, the operative phrases in determining materiality include 

"probable," "reasonable person" and "changed or influenced." The standard further states that 

management must consider both quantitative and qualitative factors in assessing an item's 

materiality. 

According to the SEC Staff Accounting Bulletin Number 99, the exclusive reliance on certain 

quantitative benchmarks to assess materiality in preparing financial statements is inappropriate; 

misstatements are not immaterial simply because they fall beneath a numerical threshold. However, 

the SEC did state that it had no objection to using such rules of  thumb as an initialstep in assessing 

materiality. 

The most authoritative pronouncement on the topic of materiality comes from the U.S. Supreme 

Court in its 1976 decision in the TSC Industries v Northway, Inc., 426 U.S. 438,449. The Court 

stated that an omitted fact is material if there is a substantial likelihood that its disclosure would have 

been viewed by the reasonable investor as having significantly altered the "total mix" of information 

made available. Determinations of  materiality require "delicate assessments of inferences a 

reasonable shareholder would draw from a given set of  facts and the significance of  those inferences 

to him." 

In sum, these three authoritative sources indicate that materiality must be judged: 
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1° 

2. 

3. 

4. 

Using a "reasonable person" test; 

In both quantitative and qualitative terms; 

Within the context of  probability (the author is substituting this phrase for the Supreme 

Court's "substantial likelihood" phraseology); and, 

In context of  changing or significantly altering someone's judgment about a matter 

At least three other sources exist providing guidance on materiality issues. Earlier, we mentioned 

the document prepared by the VFIC. We do not reproduce the elements of  that document herein, 

but encourage the reader to be familiar with its content. A fifth source is the Accounting Practices 

and Procedures Manual (i.e., statutory accounting). In Section VI of  the Manual, it states that 

materiality judgments are primarily quantitative in nature. The question of  materiality is posed as 

follows: Is this item large enough for users of the information to be influenced by it? Generally, an 

item is deemed material if the magnitude of the item is such that it is probable that the judgment of  

a reasonable person relying upon the statutory financial statement would have been changed or 

influenced by the inclusion or correction of  the item. 

A sixth source of  guidance on the issue ofmateriality is the Financial Examiners Handbook prepared 

by the National Association of  Insurance Commissioners (NAIC). Section 4 of  the Handbook is 

titled "Understanding Materiality and Risk." More details of  the regulatory perspective on 

materiality is provided later in this paper. 

For practicing actuaries, we must consider the viewpoints of  the users of  our work product in 

assessing materiality, which can include a broad and diverse audience. Section 3.4 of  ASOP 36 says 
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very clearly that the actuary should consider the purposes and intended uses for which the actuary 

prepared the Statement of  Actuarial Opinion when evaluating materiality. Those "intended" users 

likely include regulators, company management (including the Board of  Directors), the company 

auditors, and perhaps even rating agencies. 

Unfortunately, the Statement of Actuarial Opinion is a publicly available document. Hence, it may 

be used by a number of  other "unintended" parties, such as reinsurers, financial analysts and 

investors (both current and potential). It isn't beyond the realm of comprehension that other third 

parties, such as policyholders and claimants, may also be interested in such public documents. 

Since the Statement of  Actuarial Opinion is a public document, the opining actuary may face a real 

dilemma. The materiality standard to which the actuary must abide relative to ASOP 36 relates to 

those "intended" users of the work product. However, another (perhaps very different) materiality 

standard may apply in those instances where an "unintended" user is reviewing that work product. 

In the former case, the actuary may take some comfort in Precept 8 of  the American Academy of  

Actuaries Code of  Professional Conduct, Annotation 8-1 which says "The Actuary should recognize 

the risks of  misquotation, misinterpretation, or other misuse of  the Actuarial Communication and 

should therefore take reasonable steps to... include ... limitations on the distribution and utilization 

of  the Actuarial Communication." As a practical matter though, the actuary usually includes a 

phrase such as "the statement of opinion is solely for the use of, and only to be relied upon by, the 

Company and the various state departments with which it files its Annual Statement." Despite such 

language, other audiences will be reviewing the document. It is virtually impossible for the actuary 

to limit the distribution and utilization of  such a public document. 
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Another audience that must be considered by actuaries is the Actuarial Board for Counseling and 

Discipline (ABCD). While the ABCD does not routinely review an actnary's work product, issues 

of materiality may ultimately be judged by the Board if a matter involving allegations of 

unprofessional conduct were to arise. The ABCD will be the judge of whether the actnary's work 

product is in compliance with the standards of practice and a de facto judge of whether 

considerations about materiality meet the intent of ASOP 36. 

A significant difficulty is determining which audience to consider when assessing materiality. The 

level of discussion and documentation required in the Statement of Actuarial Opinion may vary 

depending on the particular audience being considered. For example, if we presume the audience 

is another actuary, the level of documentation and disclosure may be less than if the user were a 

member of the Company's Board of Directors. This is because each potential user has a different 

level of knowledge about the significance of loss and loss adjustment expense reserves, and the 

nuances associated with evaluating the adequacy of such reserves. 

Therefore, does this not imply that the actuary should consider the materiality standard for the 

potential audience with the least knowledge and experience with loss reserving? Or, should the 

actuary focus solely on the materiality standards for the primary users of the Statement of Actuarial 

Opinion (i.e., company management and regulators)? The author suggests that the "reasonable 

person" standard should apply in any case, regardless of whether the individual practitioner considers 

each potential user a "reasonable person." 

The crux of the problem for the actuary may be stated succinctly: 
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How do I determine what a reasonable person will view as material? 

Materiality in hindsight can be far different from what one views as material prospectively. It is 

hoped that the standard to which actuaries will be held will relate only to the facts and evidence 

available at the time of  rendering the Statement of  Actuarial Opinion. 

Regulatory View of Materiality 

One of  the primary responsibilities of individual state regulators is to monitor the solvency of  the 

companies licensed to do business in the state. As a result, regulators are a primary user of  the 

Statement of  Actuarial Opinion. Often, the Statement of  Opinion is used as a tool to separate those 

companies that demonstrate potential financial problems from those that do not. 

Financial examiners routinely conduct detailed assessments of  an individual company's financial 

condition. In most instances, the financial examination process involves a review of  the actuarial 

report supporting the findings in the Statement of  Actuarial Opinion. Therefore, it is important for 

actuaries to have a good understanding of the materiality thresholds used by regulators in the process 

of  reviewing the financial condition of  companies. 

According to the NAIC Financial Condition Examiners Handbook, materiality is defined as the 

dollar amount above which the examiner's perspective of  the company's financial position will be 

influenced. The amount is determined at two levels during the examination's planning stage: (1) an 
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overall level as it relates to the Annual Statement taken as a whole; (2) an individual balance sheet 

(Annual Statement line item) level. Risk and materiality are addressed at an overall level to help 

develop a strategy that will provide sufficient evidence to enable the examiner to reasonably evaluate 

whether the Annual Statement is materially misstated, or whether the company has a high likelihood 

of  becoming insolvent. 

Planning Materiality (PM) is the examiner's preliminary judgment ofmateriality made during initial 

planning. It is used in developing the overall scope of  the examination procedures. At the 

examination's conclusion, the examiner evaluates whether the total effect of  differences identified 

is material to the Annual Statement. The estimate of PM requires judgment based on the examiner's 

understanding of the company's operations. The examiner is instructed to consider the (1) nature 

of  the business, (2) operating results (e.g., stable earnings, consistently near break-even, volatile 

results), and (3) financial position. Consideration should also be given to how close the company's 

surplus is to levels that would trigger regulatory action. 

According to the Handbook, an appropriate starting point for PM is 1% to 5% of surplus. The 

actual percentage used depends on the circumstances of  the examination. This author found this to 

be somewhat startling, as practicing actuaries have typically used a much wider materiality threshold. 

Subsequent to the passage of ASOP 36 and prior to the preparation of  Statements of  Actuarial 

Opinion for year-end 2000, the author conducted an informal survey of  insurance regulators 

inquiring as to the materiality threshold commonly used in testing the adequacy of  a company's held 

loss and loss adjustment expenses reserves. Responses were received from sixteen individual 
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jurisdictions, and the results were enlightening. The responses fall into four categories. Since some 

responses were"unoffieial," the results are reproduced below without identifying specific regulators' 

responses: 

Numberof  
Ju~sdicflons 

TABLE1 

Materiality Threshold 

7 "It all depends" 
6 1% - 5% of  surplus, per the guidelines in 

NAIC Financial Examiners Handbook 
2 "It is up to you" 
1 10% of  surplus 

Despite receiving responses from only 16 of  the 51 state regulatory authorities, we expect that 

responses from other jurisdictions would be similar to those indicated in Table 1. Virtually every 

response mentioned that the actuary must use judgrnent in assessing materiality and that the actuary 

should be guided by ASOP 36. Most responses indicated that percentages of  surplus would 

generally be used as the fwst measure of determining materiality, but depending on the circumstances 

of  the individual company involved, Risk-Based Capital (RBC) may be used instead. 

One regulator indicated that "tolerable" error, the materiality for a particular account balance, is 

generally set at 50% of  the planning materiality. Perhaps the most instructive comment came from 

a couple of  regulators that encouraged the practicing actuary to put himself in the position of  the 

regulator. The viewpoint of some regulators is that the Statement of  Actuarial Opinion is intended 

(among other things) to assure the regulator that the Company's reserve position will be adequate 

for the next 12 months until a new Opinion is issued. So, those regulators feel the actuary should 

disclose any reason for concern that the reserves could be materially understated. In effect, those 
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regulators want to know whether they can "set aside" the Company or whether there is a need for 

close monitoring during the course of the upcoming year. 

Viewpoint of  Practicing Actuaries 

For many practicing actuaries, these survey results may be the In'st perspective available on the 

materiality threshold for the users of  the Statement of  Actuarial Opinion. Furthermore, it should be 

illuminating for many practitioners whose sense of materiality is much different from that of  

regulators. 

In fact, subsequent to the year-end 2000 reserve opinion season, this author was privy to a discussion 

regarding materiality thresholds among several leading practitioners representing their firms. Again, 

without naming names, the results of  that informal survey revealed materiality thresholds 

significantly different from those of  the regulatory community: 

TABLE 2 

# ~ r m s  Materiality Threshold - 2000 

3 10% of  reserves/20% of  surplus 
2 15% of  surplus 
1 15% of reserves/25% of surplus 
1 1% - 5% of  surplus 

While each firm represented that these were the typical guidelines used for assessing materiality in 

the context of  ASOP 36, many other factors were also considered when making a determination as 
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to whether disclosures were required for the risk of  material adverse deviation. Furthermore, the 

justification many advanced for the recommended thresholds related to the thresholds used for the 

Insurance Regulatory Information System (IRIS) Test ratios 10-12 (one-year development to surplus 

at 20%, two-year development to surplus at 20% and current reserve deficiency to surplus at 25%). 

It is important to note that the results of  the regulatory survey were not commonly known at the time 

the year-end 2000 Statements of  Actuarial Opinions were issued. From anecdotal evidence, this 

author can state that the materiality thresholds used by many practitioners for year-end 2001 

Statements of  Actuarial Opinion were much more narrow than those used previously. 

The author suggests that materiality be considered using a multiple-trigger approach. The first 

trigger would include quantifying the difference between the Company's held reserves and the high 

end of  the actuary's reasonable range of  reserves. This approach may cause practitioners who 

formerly relied strictly upon "best estimates" for rendering reserve opinions to consider 

supplementing such an analysis with a reasonable range of  reserves. While development of  such a 

range is generally not required, such a range provides a direct application for assessing materiality. 

For example, an actuary could measure the difference between a Company's held reserves with those 

indicated by the high end of  the actuary's reasonable range. If that difference is deemed material, 

a disclosure of the risk of material adverse deviation may be considered. 

A second trigger would involve a determination whether the actuary's range of  indicated reserves 

may cause exceptional values for IRIS Tests 10-12. 
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A third consideration could be whether the actuary's indicated reserves may trigger an RBC value 

at or below Company Action Level RBC. For a Company in precarious financial condition, virtually 

every potential risk factor facing the Company may be deemed material in the context of  potential 

adverse deviation. The actuary must consider the materiality threshold in terms of  the unique 

characteristics of  the particular company, if  the company being examined wrote long tail liability 

lines of  business, it may be highly leveraged in terms of reserves (i.e., a high reserves to surplus 

ratio), but have an acceptable premium-to-surplns ratio. In such a situation, perhaps the materiality 

standard used by the actuary shouldn't relate strictly to surplus, but to reserves or some combination 

of reserves and surplus. 

We recognize that the computations involving RBC are not trivial. Many considerations are 

involved in any computation of  a change in surplus. The impact of  reserve adjustments may also 

involve other balance sheet items, such as contingent commissions, retrospective premiums due, 

taxes and others. 

Often, discussion ofmateriality revolves around the adjectives "remote," "reasonably possible" and 

"probable." According to Statement of Statutory Accounting Principles (SSAP) 5, these terms are 

defined as follows: 

Threshold 

Remote 

Reasonably Possible 

Probable 

TABLE 3 

SSAP #5 Definition 

The chance of  the future event occurring is slight 

The chance of the future event occurring is more than remote 
but less than probable 

The future event is likely to occur 
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Items with only a remote chance of happening will generally be viewed as immaterial by the actuary. 

Matters that are reasonably possible fall into a gray area depending on circumstances. Matters that 

are probable should be considered material. The author suggests these thresholds for discussion 

purposes within the actuarial community. 

An Approach to Evaluating Materiality 

What follows is a suggested approach for evaluating materiality. In all cases, we begin with a simple 

rule of  thumb as the starting point. Then, we examine the relevant financial facts for each Company, 

postulate the current reserve position relative to actuarially indicated reserves and discuss the various 

considerations an actuary should make in assessing materiality. Lastly, we focus on a more 

quantitative methodology for assessing materiality for one specific example. 

The remainder of  this paper will present four case studies providing relevant commentary on issues 

involving materiality for illustrative purposes. One can imagine many other scenarios; however, the 

purpose of  this paper is to generate future discussion, not to provide an exhaustive discussion of any 

and all materiality issues. 

In any loss reserving exercise, materiality should be judged based on the totality of  the facts and 

circumstances facing the Company. We will assume several facts in each instance, including the 

supposition that the actuary has completed a thorough analysis of  required reserves, has interviewed 
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Company management regarding all the operational characteristics of  the Company that may impact 

reserves, is familiar with external factors that may be relevant to reserve adequacy and that the 

actuary's opinion on reserve adequacy is a reasonable representation of  true required reserves. 

Furthermore, we assume the actuary will have computed a reasonable range of  reserves, and that this 

range is also an accurate representation of  the true underlying variability in required reserves. This 

paper is not intended as a treatise on the need for computing a range of  required reserves, nor is it 

designed to provide guidance for the actuary on how to compute such a range. On the contrary, it 

is up to the individual actuary's judgment to develop a reasonable range of  reserves and/or a best 

estimate of  required reserves, depending on the needs of  Company management and the 

circumstances peculiar to each situation. 

We also assume that there are no disputes between the Company and its reinsurers regarding 

collectibility. This issue can be a very important materiality consideration if the Company in 

question has significant amounts of  reinsurance recoverables relative to surplus. And, we assume 

that unearned premium reserves are adequate to fund the future run-off of  liabilities and expenses 

for in-foree business. 

The four case studies presented will involve (a) a mutual company licensed in all states writing 

personal lines coverages (b) a commercial multiple line carrier (c) a writer of  lawyers professional 

liability in a single jurisdiction and (d) a reinsurance company. 
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Case Study #1 

The first case study we present is for a mutual insurance company that writes private passenger 

automobile insurance coverages and minor amounts of  other business. As outlined in Exhibit 1, 

some of  the pertinent facts for this Company are as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

Increasing surplus each year and a declining premium-to-surplus ratio; 

Strong financial strength indicated by A++ rating by A. M. Best & Company each of  the past 

5 years; 

The ratio of  reserves to surplus has remained fairly steady over 5-year period; 

Favorable (i.e., negative) loss development in each of  the past 4 years; 

Held surplus far in excess of  indicated RBC; and, 

The Company is a member of  a group of insurers 

For the purpose of  this first case study, we postulate that the Company's held reserves are above the 

midpoint of the actuarially indicated range of  reasonable reserves, but within the high end of  the 

range. Specifically, held reserves are 4% higher than the actuary's "best estimate" of  required 

reserves. Furthermore, we assume that since it is a mutual insurance Company, it has no readily 

available access to the capital markets. 

It should be apparent to the reader that this Company's financial picture is very strong. Downward 

loss development that has emerged consistently over the past several years is an indicator that future 

adverse loss development is unlikely. Furthermore, a 5% upward deviation in reserves would 
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amount to less than 2% of  Company surplus. While a conservative actuary might consider that the 

Company faces a material risk of  adverse deviation, the author submits that this Company's reserve 

position is very solid. The risk of  material adverse deviation may come from one of  many potential 

s o u r c e s .  

For example, since the Company writes mostly private passenger auto coverages, it should be 

worried about broader issues facing all carders, such as the uninsured/underinsured motor vehicle 

coverage extension from commercial vehicles to private passenger types in the state of  Ohio. Or, 

the ultimate impact of  the so-called "Broaduax" matter in West Virginia, whereby all exclusions 

written into the auto insurance policy were deemed unenforceable if there was no justification for 

such exclusions in the rating plan. Private passenger auto insurers are also concerned about the 

ultimate impact of  recent court cases involving diminution of  value; other mass tort actions are also 

of  concern. Such potential future loss development is foreseeable, but does the actuary consider it 

material for the purpose of  making a disclosure in the Statement of  Actuarial Opinion, consistent 

with the requirements of  ASOP 36? 

For the purpose of  this example, we would suggest using a materiality threshold of  10% - 15% of  

reserves, which is approximately 3.2% - 4.8% of surplus. Is this materiality standard too narrow, 

or too broad? We must consider the Company has a history of reserve redundancies, and the current 

held reserves also indicate a redundancy. For such a conservatively run company, perhaps a wider 

threshold is warranted. Individual opinions will vary. 

Clearly, if the Company in question were not as adequately protected from a surplus point of  view, 
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or if its history of  reserve development were different, the practicing actuary would likely consider 

many such conditions to be material. From a regulatory point of  view, the practicing actuary should 

try to make a determination of  disclosing relevant factors material to the Company's operations, and 

not to focus on such broad, all-encompassing statements regarding future loss development. 

The actuary should consider potential downward loss development in the future as an offset to 

potential adverse development. The writers of  ASOP 36 were very purposeful in focusing the 

disclosure requirements in the Statement of  Actuarial Opinion only for material adverse deviation. 

But there are examples of  circumstances that occur that have resulted in systematic downward loss 

development. The one most obvious example relates to the impact of  managed care initiatives and 

benefits reforms to the workers compensation system in the early 1990's. The systematic reduction 

in prior years' loss reserves of  more than 9% of premium in each of  calendar years 1994 - 1998 was 

so significant (and unexpected by many) that it masked any adverse development. If the actuary 

believes held reserves are redundant, the materiality threshold for determining whether a disclosure 

is required by ASOP 36 becomes even broader. 

In making a final decision as to the materiality threshold, the author suggests the minimum 

measurement point be from the current held reserves to the top end of  the actuary's range of 

reasonable reserves. In this case, that amounts to only 1% of  reserves. According to our two other 

thresholds, we find little chance that the IRIS Test results would change significantly due to our 

indicated reserves. And we find the company's current surplus levels are so high relative to RBC 

that the likelihood of  a significant drop in surplus is remote. Hence, the overall likelihood of 

material adverse deviation is deemed remote and no disclosure is required per ASOP 36. 
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Case Study #2 

The second case study presented is for a multiple line casualty stock Company that writes primarily 

commercial lines coverages (but no workers compensation). As outlined in Exhibit 2, some of  the 

pertinent facts for this Company are as follows: 

History of  significant reserve deficiencies over past 4 years; 

Volatile ratios of  premiums to surplus and reserves to surplus; 

Downgrade in A. M. Best Rating from A- to B++ in latest year; 

Net income losses in 4 of  past 5 years; 

A significant decline in surplus of  more than 31% in the latest year, resulting in a 

deterioration in the ratio of  surplus to RBC of  3.5; and, 

Significant reductions in total admitted assets in 1998 and 2000 

For the sake of  this case study, we postulate that held reserves are at the low end of  the actuary's 

indicated range of  reasonable reserves (4% below the "best estimate" of  reserves). Furthermore, we 

assume there are no significant retrospective reserving issues associated with the indicated reserve 

deficiency. 

We postulate that the Company's domiciliary regulator uses the 1% to 5% materiality threshold for 

determining matefiality, consistent with the provisions in the Financial Condition Examiners 

Handbook. From a materiality point of  view, the projected 4% deficiency in held reserves is more 

than 5% of  held surplus. Hence, the issue of materiality may be easier to ascertain. Since we're 
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starting with a deficiency of  more than 5% of  surplus and we know the regulatory threshold is 

between 1% and 5% of  surplus, there appears to be a de facto requirement to make disclosures of  

risks of  adverse deviation. 

The fact the Company has a history of  reserve deficiencies would tend to support the need for 

disclosures, regardless. That is, if the Company's held reserves were virtually identical to the 

actuary's "best estimate," disclosures would likely still be necessary given the Company's history. 

If, on the other hand, there was a significant reserve correction made in the prior year so that 

management thinks it had caught up with all prior year's deficiencies, the actuary's job is perhaps 

a bit more difficult. The actuarial report's findings and diagnostics regarding reserve adequacy 

would need to be factored into any determination of  possible future adverse deviation. 

Since the Company appears to have significant prior loss development problems, we stipulate the 

IRIS test ratios are already outside the acceptable range. Hence we know the Company is likely 

being given regulatory scrutiny, given that it lost more than 30% of  its surplus last year. In such a 

case, it would appear reasonable that the Appointed Actuary would tend to be more conservative in 

any assessment of  materiality, given the declining financial condition of the Company. 

Case Study #3 

The third case study we present_is for a mutual insurance Company licensed in only one state, writing 

lawyers professional liability on a claims-made basis. Again, some of  the pertinent facts for this 

Company (refer also to Exhibit 3) are as follows: 
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1. 

2. 

3. 

4. 

5. 

6. 

Positive growth in premiums and surplus each of past 5 years; 

Favorable reserve development each of past 2 years; 

Stable B++ rating by A. M. Best Company over past 5 years; 

Per occurrence retention of $250,000 (no change over past 10 years); 

Growth in reserves roughly in tandem with growth in surplus; and, 

Positive net income in each of past 5 years 

For the sake of this example, we assume the mutual Company books the Appointed Actuary's best 

estimate of required reserves, hence reserves are considered reasonable for the purpose of the 

Statement of Actuarial Opinion. Furthermore, we assume there arc no significant reserves indicated 

for tail policies or for extended reporting endorsements. We also assume the types of law practices 

insured are small 1- to 2-person In-ms. 

Given the nature of the business written (i.e., claims-made) and the Company's $250,000 per 

occurrence retention, the ultimate resolution of a single claim may be considered material. That is, 

the $250,000 represents 2.6% of the Company's held surplus. A potential 5% adverse deviation in 

reserves would amount to approximately 6% of surplus. Hence, even though the Company books 

the Appointed Actuary's best estimate of reserves, the potential for material adverse deviation is 

readily apparent. Or, is it? 

During the past two years, however, the Company has realized significant reserve redundancies. Let 

us postulate the aemary's reasonable range of reserves is +/- 5% of the so-called "best estimate" of 

required reserves. Hence, the top end of the range is a 5% deviation from the best estimate, which 
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corresponds with the materiality threshold suggested above. 

Materiality is somewhat more difficult to ascertain in this case, because the Company's premium 

volume is fairly small, but it has grown its surplus steadily over five years. Reserves have 

historically been conservatively stated, but the nature of  the Company's business is such that there 

is a potential for a surplus impairment of  more than 5% if two specific claims were to exceed the 

Company net retention. 

The second trigger (IRIS test results) doesn't appear likely to be affected, since prior year reserves 

have been conservatively stated. The Company would need to lose more than half its surplus before 

an RBC event would be triggered. When we consider the company writes only one line of  business 

in a single jurisdiction, it doesn't have the same diversification of  risk that a multiple line company 

would realize. Hence, the author would suggest a materiality threshold in such an instance that is 

somewhat more conservative than for a similar size company operating in multiple jurisdictions 

writing numerous lines of  business. 

This would argue for a materiality threshold of  5% of surplus. 

Case Study #4 

The fourth case study presented is for a reinsurance company, writing no direct business, but 

assuming more than $650 million in premium annually, mostly commercial. Pertinent facts from 

Exhibit 4 for this Company are as follows: 
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1. Reserve deficiencies in each of  the past 4 years; 

2. Increasing ratios of reserves to surplus; 

3. A+ rating by A. M. Best in each ofpast 4 years; 

4. Member of  a larger group (multiple line casualty companies); and, 

5. Premium is in "Reinsurance" category constituting 26% of  the total 

This reinsurance Company has reserves almost three times its surplus. The impact of  this leverage 

is that a relatively small change in reserves may result in a material change in surplus levels. In this 

example, we postulate that the Company's held reserves are near the midpoint of  the actuary's range 

of  reasonable reserves. We also postulate that the Company's parent has demonstrated its 

commitment to add capital to the Company when necessary. 

Specifics are not provided with regard to the Company's share of  asbestos and environmental 

reserves, nor do we have disclosures as to exposure from other mass torts including terrorism. 

However, it's safe to say that with such a leveraged position, the actuary should disclose several risk 

factors facing reinsurers that could result in material adverse deviation. In this instance, the author 

suggests a materiality threshold of  approximately 2% of  reserves, which is roughly equivalent to 5% 

of  surplus. 

Quantitative Approaches to Materiality 

The use of  modeling to assess materiality is a natural outgrowth of  loss reserving and financial risk 

management sottware. Such modeling provides a perspective on variability not otherwise reflected 
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in static loss reserve analyses. The interaction of internal company factors with those external to the 

company can have a significant impact on the adequacy of reserves. In particular, future inflationary 

trends that may be significantly different from those in the underlying database could render held 

reserves deficient. Likewise, a strategy implemented by the company to control its legal costs via 

in-house counsel could result in reserve redundancies. One can imagine a variety of  other factors 

that may influence the level of required reserves, some of  which may already be embedded in the 

actnary's analysis: 

Formation of  special investigative units (SIU) to combat fraud; 

Implementation of  managed care initiatives; 

General changes in economy (inflation, interest rates, unemployment); 

Regnlatory/legislative/judieial changes; 

Potential bad faith claims; and, 

Reinsurance collectibility problems 

The use of  modeling enables the actuary to not only assess a reasonable range of  reserves, but also 

to assess the pertinent risk factors that may lead to material adverse deviation. The real value of  this 

process is to determine which "levers" are most significant to the situation at hand. 

For example, suppose the company recently changed its claims handling practices to offer more 

generous settlements earlier in the life of claims than before. The stated purpose of  this new strategy 

by management is to reduce the costs of  defending claims as more will be settled early and fewer 

claims will end up in litigation. The actuary should somehow reflect such changes in the estimate 
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of  required reserves, but must also consider potential adverse effects that may ensue. That is, if the 

company becomes viewed by claimants as an easy target for claims, there may be an increase in the 

number of  claims filed and the ultimate result may be higher costs. This fact alone may be enough 

of  a concern to the actuary to cause a disclosure of  this material risk of  adverse deviation. 

Of  course, the opposite may be true as well. A company that changes its strategy of  claims handling 

to be tougher on settlements may be subjecting themselves to a material risk of  potential bad faith 

claims in subsequent years. 

Stochastic techniques can be used in the loss reserving process to model the potential for such 

circumstances (and others), providing the actuary useful information as to which risk factors may 

be the most material in terms of potential future adverse deviation. The results of  any such modeling 

must be reviewed carefully, not only for what the numbers indicate, but also for what elements the 

model may not be taking into consideration. There is always a danger of  specifying a model that 

produces "elegant" results, but may not stand up to scrutiny in light of  empirical data. As with any 

tool, the modeling should be used to glean information that may not otherwise be readily apparent. 

There are a number of  statistical techniques developed in the actuarial literature in recent years to 

quantify the variability underlying traditional "chain ladder" loss reserving data and the resulting 

estimates of  indicated loss and loss adjustment expense reserves. Three examples of  these include: 

1. "Murphy" method which uses a regression techniques 
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2. "Mack" method which uses a distribution free statistical approach 

3. "Renshaw & Vernalr '  which uses generalized linear models 

Each of these techniques has strengths and weaknesses, however, their goals are comparable. They 

seek to provide estimates of the variability underlying the estimates of future claims development. 

These variance estimates can be used for a number of applications, including estimating reserves at 

higher levels of statistical confidence. 

We do not mean to suggest there is a direct linkage between variability and materiality. However, 

the tail value at risk (TVAR) applications of such models can be used to assess probability levels that 

a Company's reserves may develop adversely, or the probability a company's surplus may drop 

below RBC thresholds. Given such information, the actuary can make a more thoughtful 

determination about potential future loss development and whether it is deemed material. 

Conclusion 

Materiality may be in the eye of the beholder, but the practicing actuary preparing a Statement of 

Actuarial Opinion must consider the intended uses of that opinion when assessing materiality. Even 

though the intended users of the Statement of Opinion are specific audiences (regulators, company 

management, auditor and rating agencies), the document itself is in the public realm. This means 

that investment analysts, reinsurers, policyholders, claimants and possibly even the ABCD may be 

reviewing the document. Because of these many audiences, the actuary must consider the points of 
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view of  a "reasonable person" when assessing materiality in the context of  ASOP 36. 

For the purpose of  determining the materiality for regulators, we have provided some evidence as 

to their materiality thresholds. Likewise, we have provided some background on the materiality 

thresholds commonly in use up through year-end 2000 in the actuarial community. We expect the 

latter to approach the former rather than vice versa. Materiality must be considered from a 

reasonable person point of  view. It must be considered given the totality of  information available 

about a company's financial and operational circumstances. And, it must be given thoughtful 

consideration by the actuary. Those are the standards by which we must abide, and those are the 

standards by which we will be judged. 
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Mutual Auto Insurance Company EXHIBIT 1 
all figures in (000's) 

Calendar Year 
1996 1997 199~ 1~9Q 2000 

(1) Surplus 25,120 30,054 37,608 41,766 45,792 
(2) % Change 18.8% 19.6% 25.1% 11.1% 9.6% 

(3) DWP 22,634 23,483 23,675 23,391 22,692 
(4) % Change 3.8% 0.8% -1.2% -3.0% 

(5) NWP 24,283 25,060 25,223 24,733 23,994 
(6) % Change 3.2% 0.6% -1.9% -3.0% 

(7) LOSs+LAE Reserves 8,810 10,433 12,501 14,525 14,555 

(8) Net Income 972 2,343 2,450 1,013 842 
(9) Admitted Assets 54,756 60,892 69,442 74,579 80,114 

(10) Combined Ratio 105.0 97.4 97.2 106.7 108.3 
(11) Pretax Op. Income 1,216 3,144 3,225 918 434 
(12) Total Inv. Gains 4,311 3,795 7,077 4,923 5,110 
(13) Pre-Tax ROR 22.0% 23.1% 27.4% 14.0% 12.1% 

(14) NWP to Surplus 0.97 0.83 0.67 0.59 0.52 
(15) Reserves to Surplus 0.35 0.35 0.33 0.35 0.32 

Loss Reserve Dev. 
(16) % of Original -12.6% -9.5% -5.2% -3.9% 
(17) % 0f Surplus -10.3% -6.3% -2.6% -1.7% 

(18) RBC 2,502 2,688 3,211 3,643 3,900 
(19) Bests Rating A++ A++ A++ A++ A++ 

5% Reserve Deviation as % of 
(20) Surplus 1.8% 1.7% 1.7% 1.7% 1.6% 
(21) Net Income 45.3% 22.3% 25.5% 71.7% 86.4% 

Member of Group? 

Lines of Business 

Private Passenger Auto Liability 
Pdvate Passenger Auto Physical Damage 
A&H 
Other 

YES 

Dist. Of NWP 

53% 
40% 

2% 
4% 
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Multi-line Casualty Co. EXHIBIT 2 
all figures in (000's) 

Calendar Year 
19~ 1997 1998 1999 2000 

(1) Surplus 121,337 1 1 5 , 7 2 8  1 2 8 , 8 1 1  123,289 84,851 
(2) % Change 53.9% .4.6% 11.3% .4.3% -31.2% 

(3) DWP 199,115 2 1 1 , 4 4 5  1 9 3 , 2 2 4  1 8 3 , 9 4 0  163,665 
(4) % Change 6.2% -8.6% .4.8% -11.0% 

(5) NWP 122,945 158,182 93,341 99,390 75,892 
(6) % Change 28.7% -41.0% 6.5% -23.6% 

(7) Loss+LAE Reserves 97,070 97,212 1 1 3 , 3 5 4  1 1 3 , 8 6 7  111,829 

(8) Net Income (6,401) (2,893) 10,733 (5,231) (3,857) 
(9) Admitted Assets 294,805 3 1 9 , 9 2 0  2 8 2 , 9 9 4  2 8 2 , 4 1 5  244,291 

(10) Combined Ratio 114.7 110.4 111.4 118.9 138.8 
(11) Pretax Op. Income (10,437) (7,928) 4,072 (9,905) (23,266) 
(12) Total Inv. Gains 7,438 1,080 10,539 (225) 1,725 
(13) Pre-Tax ROR -2.5% -5.9% 11.3% -8.2% -25.4% 

(14) NWP to Surplus 1.01 1.37 0.72 0.81 0.89 
(15) Reseives to Surplus 0.80 0.84 0.88 0.92 1.32 

22.0% 21.9% 20.2% 17.0% 
23.7% 25.4% 19.9% 18.2% 

17,334 19,288 25,762 30,822 24,243 
A- A- A- A- B++ 

Loss Reserve Dev. 
(16) % of Original 
(17) % of Surplus 

(18)" RBC 
(19) Best's Rating 

5% Reserve Deviation as % of 
(20) Surplus 4.0% 4.2% 4.4% 4.6% 6.6% 
(21) Net Income -75.8% -168.0% 52.6% - 1 0 8 . 8 %  -145.0% 

Member of Group? 

Lines of Business 

Private Passenger Auto Liability 
Private Passenger Auto Physical Damage 
Commercial Auto Liability 
Commercial Auto Physical Damage 
Homeowners Multiple Peril 
Commercial Multiple Peril 
Fire 
Allied Lines 
Inland Marine 
General Liability 
A&H 
Other 

YES 

5% 
0% 
11% 
6% 
6% 

22% 
5% 
2% 
9% 

30% 
1% 
3% 
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Lawyers Prof. Liab. Ins Co EXHIBIT 3 
all figures in (000's) 

Calendar Year 
1996 1997 1998 1999 2000 

(1) Surplus 6,305 7,329 7,334 8,154 9,641 
(2) % Change 19.3% 16.2% 0.1% 11.2% 18.2% 

(3) DWP 7,036 7,197 7,298 7,664 7,815 
(4) % Change 2.3% 1.4% 5.0% 2.0% 

(5) NWP 3,347 4,593 4,864 5,678 5,979 
(6) % Change 37.2% 5.9% 16.7% 5.3% 

(7) Loss+LAE Reserves 6,401 8,178 8,536 10,141 11,291 

(8) Net Income 742 703 278 721 1,079 
(9) Admitted Assets 19,605 22,256 23,261 26,531 29,599 

(10) Combined Ratio 119.4 128.2 130.3 107.3 101.7 
(11) Pretax Op. Income 926 1,134 (254) 859 1,278 
(12) Total Inv. Gains 47 204 358 91 364 
(13) Pro-Tax ROR 15.4% 18.3% 1.4% 11.7% 17.0% 

(14) NWP to Surplus 0.53 0.63 0.66 0.70 0.62 
(15) Reserves to Surplus 1.02 1.12 1.16 1.24 1.17 

Loss Reserve Dev. 
(16) % of Original 4.2% -0.5% -18.4% -13.4% 
(17) % of Surplus 4.3% -0.5% -21.4% -16.7% 

(18) RBC 1,235 1,358 1,676 1,833 2,338 
(19) Best's Rating B++ B++ B++ B++ B++ 

5% Reserve Deviation as % of 
(20) Surplus 5.1% 5.6% 5.8% 6.2% 5.9% 
(21) Net Income 43.1% 58.2% 153.5% 70.3% 52.3% 

Member of Group? 

Lines of Business 

Lawyers Professional Liability 

NO 

100% 
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Reinsurance Company EXHIBIT 4 
all figures in (000's) 

Calendar Year 
1995 1996 1997 1998 1999 

(1) Surplus 272,374 3 9 6 , 6 7 7  4 2 3 , 6 1 6  4 0 2 , 6 5 2  401,392 
(2) % Change 11.9% 45.6% 6.8% -4.9% -0.3% 

(3) DWP 0 0 0 0 0 
(4) % Change 

(5) NWP 205,065 4 2 9 , 8 7 0  6 4 5 , 8 3 2  6 9 8 , 4 4 0  653,984 
(6) % Change 109.6% 50.2% 8.1% -6.4% 

(7) Loss+LAE Reserves 6 5 9 , 1 4 5  971 ,859  1,059,040 1,038,460 1,179,181 

(8) Net Income 22,980 (17,164) 35,794 1,264 8,375 
(9) Admitted Assets 733,225 1,491,776 1,608,026 1,745,156 1,877,779 

(10) Combined Ratio 101.0 99.8 104.5 112.4 113.8 
(11) Pretax Op. Income 25,022 (18,977) 58,304 10,226 (6,092) 
(12) Total Inv. Gains 7,729 20,066 4,710 10,883 24,968 
(13) Pre-Tax ROR 12.0% 0.3% 14.9% 5.2% 4.7% 

(14) NWP to Surplus 0.75 1.08 1.52 1.73 1.63 
(15) Reserves to Surplus 2.42 2.45 2.50 2.58 2.94 

Loss Reserve Dev. 
(16) % of Original 1.8% 7.9% 7.5% 6.7% 
(17) % of Surplus 2.7% 16.4% 15.8% 17.3% 

(15) RBC 
(19) Best's Rating A A A+ A+ 

5% Reserve Deviation as % of 
(20) Surplus 12.1% 12.3% 12.5% 12.9% 
(21) Net Income 143,4% -283.1% 147.9% 4107.8% 

Member of Group? 

Lines of Business 

Commercial Auto Liability 
Commercial Auto Physical Damage 
Homeowners Multiple Peril 
Commercial Multiple Peril 
Allied Lines 
Workers Compensation 
General Liability 
Reinsurance 
Other 

A÷ 

14.7% 
704.0% 

YES 

17% 
10% 
3% 

12% 
2% 
4% 
7% 

26% 
20% 
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Reserving for Runoff Operations - 
A Real Life Claims Specific Methodology 

for Reserving a 
Workers Compensation Runoff Entity 

James B. Kahn, FCAS, MAAA 

ABSTRACT: 

The paper takes the reader through a real life example of an entity in runoff. In some instances, certain calculations 

and data examples have been amended from their original forms for the purposes of  simplicity and demonstration. 

The runoff operation's reserves are predominately those of  Florida Workers Compensation (WC) self-insured funds. 

WC has its own unique properties, which need to be considered when reserving in a nmoff environment. 

Two observations in particular have been seen within the data: (1) occasional spikes in the Workers Compensation 

data as a result of  settlement activity, (2) extraordinary ALAE costs incurred during the years following the 1994 

Tort Reforms. The changes to both the type of remaining claimants as well as the Workers Compensation 

environment may produce distortions to loss development triangles using so called "traditional" reserving 

methodologies. 

APPROACH: 

When a limited number of open claims remain, a claims specific model could be set up whereby scenario testing can 

be performed on data segments to reserve to an "ultimate" loss reserve amount. 

Interaction with a company's claims department will be essential in both the setup and application of the Workers 

Compensation model. The claims unit can give input as to the state of the market for the lines of business, law 

changes, and perception of future settlement activity. Eventually, the individual claim model will need to be audited, 

with integral help from a company's claims department. 

Model scenarios here could include differing medical escalation percentages, longevity Of claimants, or inuring 

reinsurance arrangements (and tracking exposure for recovery likelihood of carriers rated below A-). 
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ALAE 

The ALAE distortion in the data caused by the 1994 Florida Tort Reforms can be overcome with modifications to 

the same claims specific model. Solutions may involve applying ALAE caps or taking average yearly payments for 

typical years to apply to future periods. 
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I. INTRODUCTION 

In this example, a rim-off company (no business written since 1997) has reserves, which are predominately those of 

primary Workers Corrq~ensation in the State of Florida (for self-insured funds). The majority of the data shown is 

actual data for an entity hereaRer referred to under the fictional name "ABC Insurance Company" or "ABC" or "the 

Company" (not to be confused with any potential entity bearing the letters "ABC" in any part of their name). 

Whereas it should be understood that many of  the conclusions reached and methodologies used herein have been 

derived using our anecdotal evidence, the readers should feel more than free to amend any or all of  the 

methodologies contained herein for their own particular situations. In some instances, certain calculations and data 

examples have been amended from their original forms for the purposes of simplicity and demonstration. 

We will look to address some observations seen within this data: (1) occasional spikes in the Workers 

Compensation data as a result of  settlement activity, (2) extraordinary ALAE costs following the tort reforms of  

1994. 

In many cases, the most difficult projection work for an actuary occurs when business for a current segment is 

different from historical data for the same segment. For a runoff workers compensation writer, over time, we should 

be left with only claims which will not take an offered settlement; and as such, will be subject to parameter risks such 

as tort reforms and inflation. The fact that a body of claims should "migrate" over time into a more severely injured 

population does not necessarily mean that historical data as of the same maturity is different than the current data. It 

is possible that changes in injury mix of open claims as an accident year matures could be consistent from accident 

year to accident year. 

This paper takes the approach of  setting ultimate reserves for both the "likely to settle" and "unlikely to settle" 

groups of  claimants as determined by the company claims department. The differences in these bodies of claims will 

need to be reflected in determining final IBNR amounts. 

Additionally, this paper will show why exceptions may occur to many normally sound schools of thought and 

potentially lead to counter-intuitive conclusions if one does not consider the particulars of the given runoff situation. 

This paper will project ultimate IBNR reserves using a "non-traditional" claims specific methodology, and attempt to 

explain the conditions under which this method is an appropriate approach. Hopefully, the understanding of these 

techniques will have merit for all Workers Compensation states as well as for ongoing situations (with appropriate 

modifications). 
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H. WORKERS COMPENSATION LOSS RESERVING 

A. Background 

1. Workers Compensation Characteristics 

Workers Compensation losses have their own unique properties: 

• Most of  the eligible payments are set by State law, which could vary significantly from state to state for 

such items as maximum and minimum payments, rulings for manifestation of  claims, statute of limitation 

requirements, and integration of benefits. All contain some form of payments for indenmity (representing 

payment for lost wages) and medical costs associated with the injuries themselves. 

• After the first couple of years, there should be very little, if any, smaller "nuisance" type claims remaining 

open. Occasionally, claimants could attempt to reopen earlier claims, even those with very little merit. 

• Because of  stringent reporting statutes in most states, very few, if any, IBNR claims will be reported going 

forward. A company in nmoffwill very likely be in a position to fight newly reported claims on the basis of 

Statute of  Limitations filing requirements. As ABC's data is mostly construction related risks, there should 

be virtually no exposure to asbestosis, latent injuries or occupational disease, which may have late reporting 

patterns and claims could potentially be accepted as a result of  a late manifestation of  injury. 

• Depending on a company's case reserving practices, loss reserves may be carried at implicit or explicit 

discounted values. 

• Settlement "spikes" may be seen periodically throughout the paid loss data, particularly with new chief 

claims officers or the assignment of a new third party administrator. These settlements distort ultimate loss 

estimates using the traditional paid loss development methods, especially when claims are settled at an 

amount below the reported loss amount on the company's financial ledgers. It is easy to see how additional 

volatility could be added to the latest diagonal in such situations. 

• Occasionally, claims handling operations may reach discount arrangements with medical providers, 

whereby these providers will perform services associated with these claims for a reduced cost. 

• The possibility exists that claims, which were previously closed, may still have remaining exposure. A 

company should consider the possibility of"reopening" of closed claims. 

• Outside sources of  recovery (reinsurance, second injury fund, etc.) need to be considered in determining 

what the final ultimate reserve would be. 

• Workers Compensation losses have substantial early payments (our data shows about four years beyond the 

initial accident date) as claimants have initial hospitalizations, surgeries and treatments. Over the near term, 

yearly costs and utilization may very well decrease after the initial injury or surgery date until such time 

when follow-up surgeries or additional therapy may become necessary due to the aging process. 
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A runoffsitnation will have its own particular nuances: 

* Over time many of the remaining claimants will have suffered permanent total injuries, leading to claims 

oftentimes being reserved at a lower "settlement" value, not necessarily at a 'true' ultimate value. This 

would include those claimants, who will never end up accepting a settlement and will have their ultimate 

values increase over time from the held settlement value. Factors influencing settlement are discussed later. 

• A runoff company will most likely be at a point in the timeline beyond the initial high cost of hospitalization 

and surgeries (about four years after the inithl accident date in this case). 

* Claimants may pursue claims involving a runoff company less aggressively than they would with an 

ongoing active writer (the "deep pockets" theory). 

Workers Compensation statutes are under a constant state of  change. It is therefore critical for recent developments 

and trends to be understood prior to any projections of ultimate losses. To arrive at sensible projections, both 

actuaries and claims personnel should connnanicate their knowledge of  relevant state changes and trends to each 

other as often as possible. 

On a related note, there have been recent discussions concerning Medicare efforts to take credit for portions of a 

medical settlement paid to claimants when the bills submitted are for medical services provided after the Workers 

Compensation settlement was struck. Put differently, if an injured worker has already accepted a medical settlement, 

and subsequently bills Medicare for treatment, it is quite possible that Medicare will take the viewpoint that this is 

"double dipping" of benefits, and should not be provided for. It is unclear at this point how this should be handled 

from a company standpoint and several questions still remain as to logistics of any additional congaany exposure 

(Who would pay if  the claimant has died? Can they recover attorney fees? In Florida, will the SDTF pay for closed 

cases? Will i tbe up to an insurance carrier to contribute in such cases? What do the settlement documents provide? 

etc.). There is a Medicare signoffprocess prior to the settlement that will enable a company to confLrm upfrunt the 

amount of a Medicare credit. At this point, we have not reflected any potential for Medicare in projections of 

ultimate, but settlement language can provide adequate protection from possible reopening potential. 

2. Workers Compensation Industry Reserving Practices and Philosophies 

a. General Overview 

There are probably almost as many company Workers Compensation reserving philosophies and styles as there are 

companies. For an actuary to arrive at proper assessments of reserve or reserve adequacy trends, it is most crucial to 

understand the internal philosophies and definitions (not everyone will define closed or reopened claims the same 

way especially in regard to closed without payment claims). 
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Many companies consider forms of discounting (explicit or implicit) in setting case reserves; some don't consider 

discounting at all, and some may only discount the so-called "catastrophic" type claims. It is a widely held belief 

that most Workers Compensation carriers apply some form of discounting, and the unwinding of this discount over 

time is, in fact, reflected in Industry loss development patterns. 

Some companies set reserves to consider the expected lifetime of a claimant using a standard mortality table, others 

consider an impaired worker mortality table, and still others treat all claimants as if they'll live to a common age 

such as 90 or 85 years of age (sometimes referred to as the "Rule of 90" or "Rule of 85" philosophies). 

For accounting purposes, some entities implicitly reflect subrogation recoverables whereas others may explicitly 

state the recoverable amounts separately. Florida con-qaanies may or may not handle recoveries from the Florida 

Special Disability Trust Fund (or a Second Injury Fund in other states) in a similar fashion. Companies may have 

different philosophies for reserving to the reinsurance retentions, or to various reinsurance layers. 

b. Settlement Provision Background 

This is probably a good time to introduce the concept of "settlement value" reserving as it may pertain to a given 

company's case reserving philosophy. It is an important idea in our development of the claims-specific model. Per 

the ABC claims department, it is Industry practice to employ some form of"settlement value" reserving in Workers 

Compensation (as well as in liability lines of insurance). As such, Industry loss development patterns should already 

reflect this practice to some degree. As Workers Compensation payments may take place over several years, claims 

departments could easily establish initial case reserve amounts at "settlement value" and subsequently refine these 

estimates over the course of many years. The term "ultimate value" reserve will hereby be defined to mean the 

claims department's estimate of ultimate reserve using expected payments and mortality assumptions, prior to any 

adjustments including discounting. 

ABC case reserves, for the remaining claimants, are held at a specified percentage below the discounted "ultimate 

value" reserve. In negotiating with claimants or their outside attorneys, it has been the historical practice for ABC to 

get settlements below the "settlement value" reserves. Historically, ABC has been successful at settling about 70% 

of the held discounted reserve, though as of late, this figure has begun to approach 85-90% of the held discounted 

alnount. 

Whether or not a claimant accepts a settlement appears to be more a function of the claimants themselves than a 

function of the severity of injury types. Analogies can be drawn to utility theory (there are probably high enough 

offers whereby almost anyone would accept a settlement) or whether or not a lottery winner would be willing to 

accept a lump sum payment or a steady stream of future payments (a big difference discussed later would be the 

Workers Compensation loss of future payments upon early death). It is largely up to a company's internal claims 
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d e ~ t  or Third Party Administrator to understand what external or internal factors may lead to whether or not 

claimants ultimately accept a settlement. 

Why would someone with a minor injury not be willing to accept a settlement? Some may view having an open 

Workers Compensation case as an "insurance policy" against potential unforeseen circumstances (latent disease) or 

injury re-aggravation. As a result, there are claimants, some of  which have small or zero reserves outstanding, that 

the ABC claims department has deemed "unl/kely to settle" following discussions with the claimant and/or a 

claimant's attorney. 

On the other hand, some of  the more seriously injured are willing to consider settlement offers. A claimant who has 

dependant children may be willing to take a settlement below projected medical costs rather than take a chance of  

leaving the lower fatality benefits to their dependants upon an untimely death. Other very seriously injured workers, 

those without a spouse or dependant children, may not have a reason for taking a settlement (no one to inherit future 

streams of  payments or death benefit). 

Occasionally, a claimant who had previously rejected settlement offers may suddenly want to change course. A few 

reasons are sometimes cited: (1) the claimant may have recently been diagnosed with a limited lifetime where they'll 

have to reassess the differences of  fatality benefits versus settlement offers, (2) outside debt obligations for non- 

medical related costs, (3) general state of  the economy, which may lead to more cash settlements when the economy 

/s not performing well, and (4) possible influence of outside sources, which could include, among others, claimant's 

attorneys. 

In Florida prior to 10/I/2001, a judge needed to approve all outstanding settlements, and would occasionally not 

allow some if  they thought the seriously injured claimant was being taken advantage of. Effective 10/I/2001, a 

judge's approval is no longer needed in the State of Florida for settlement of newly tendered settlement offers, if the 

claimant is represented by an attorney. 

Since claimants 62 years of  age or older have a potential Medicare offset to their benefits through the current Social 

Security plan, agreeing to settle their Workers Compensation claim would void the additional qualifying benefits. 

Since older claimants have fewer remaining years to live, setting a settlement figure much more than an additional 

couple of  years of  current payments could be economically risky to an insurance company. As a result, ABC does 

not focus on settlements with older claimants, preferring to work toward settling those claimants between the ages of  

30 and 60 years of  age, who are more likely to settle where the present value of the settlement is a much more 

attractive savings. 

Under most Workers Cow4~nsation statutes, settlement is not allowed until a condition of Maximum Medical 

Improvement (MMI) has been reached as determined by a physician. (Note: As of 10/1/2001, in Florida, the 
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claimant does not need to have a condition of  MMI to settle. The exancples shown within the exhibits are prior to the 

10/l/2001 change in statute). 

It may certainly be worthwinle for ABC to settle claims already beyond the reinsurance retention. This is required 

for ABC to eliminate uncertainty, such as the risk either insolvency of  reinsurance carriers or the claimants 

exceeding reinsurance maximums. Discussions would most likely involve all applicable reinsurers in such a case, 

including the SDTF or 2nd Injury Fund. 

3. 1994 Florida Tort Reforms 

a. Background 

More information concerning the 1994 Florida tort reforms and the Special Disability Trust Fund is given in 

Appendix A. A couple points should be understood to see why various assumptions are made within the claims 

specific model. 

ALAE Impact - Beginning with the 1994 Reforms, Temporary Total (TT) benefits were reduced from a maximum 

duration of  260 months to 104 weeks. When the 104 weeks of time expired for new claims on 1/1/1996, a great 

number of  filings were made to extend benefits, or push for more reclassifications into the greater benefits of 

Permanent Total categories. The initial push resulted in large legal costs generated from calendar years 1996 and 

1997. The costs' subsequently subsided, but not after seeing a two-year spike in paid allocated loss adjustment 

expenses. 

Allowance of  Indemnity Settlements - Prior to 1994, entities were allowed to settle indemnity (lost wages) portions 

of a claim, but not medical loss or loss adjustment expense. Beginning I/I/1994, companies were allowed to settle 

the entire Workers Compensation claim, or any portion thereof (medical or lost wage) including claims open at 

1/1/1994. As a result, there was a big Indnstry push to settle claims (or the medical portion only of  claims) 

beginning in 1994. 

As a company practice, ABC will no longer settle an indemnity portion of a Workers Compensation claim only. 

Claims winch ABC currently classifies as "medical maintenance" claims are those winch had the indenmity portion 

settled prior to the 1994 Tort Reforms. ABC still reserves the right to settle the indenmity portion of claims without 

settling the medical if it would so desire. 

b. Special Disability Trust  Fund (SDTF)  

At this point, some background on the Florida Special Disability Trust Fund (SDTF) is necessary to better 

understand the Non Traditional Workers Compensation model for ABC (Florida's version of  other states' "Second 
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Injury Funds"). The SDTF reimburses the employer when an employee suffers an injury, directly or indirectly, as a 

result of a previous disability or coupled with a previous medical condition, which has worsened due to the new 

injury. SDTF recoveries inuse to the benefit of aU additional reiusurance coverage. 

The Florida SDTF operates on a pay-as-you-go basis whereby each Florida Workers C o ~ a t i o n  writer 

contributes a percentage of current premium writings (-4.5% currently). In recent years, ABC has received more 

than $10 Million of SDTF recoveries per annum (net of reinsurance cessions). 

The SDTF will pay for raid claims on a first come, first served basis. As additional payments are made on case 

reserves or development on known cases, additional papers (called SDF-2 forms) will need to be filed with the State. 

Currently, the time from request for reimbursement until recovery from the Fund is received is a little more than 

three years as recouping assessments have lagged behind payment of benefits. 

B. Non-Traditional Methodology (The Introduction of the "Claims Specific" Model) 

1. Categories of Claims and Definitions: 

The following list applies to the various segments of the "Claims Specific" Workers Compensation model: 

• A s  R e p o r t e d -  Loss reserves as displayed in the company's fmeocial statements. These may be 
held at "settlement value" in the cases where it would apply. 

• C e d e d -  Loss reserves, which will be ceded to reinsurance companies after recovery from SDTF. 

• Closed  C la ims  - Claims, which are no longer open and active. As a result, reserves will need to be 
taken down, or in the cases where they're open for an SDTF recovery only, the remaining recovery 
will need to be booked when received. 

C o v e r a e e  B / C o v e r a e e  I s s u e s -  Claims pertaining to Employers Liability (Section 1B) or other 
miscellaneous items where required payment may be in question based on policy language. 

D i r e c t -  Liability reserve amount to the Company before any additional recoveries 

L i k e l  F E x p o s u r e  ( ~ X %  - Percentage of "As Reported" reserves, which the likely to settle claims 
will eventually settle for (approximately X% of currently held direct reserves on this segment). 

L i k e l y  to Set t le  - Claims deemed by management as being l ike ly  to accept a tendered settlement 
offer within the timeframe being considered. 

M a x i m u m  E x p o s u r e  - Scenario under which no settlements occur. Closed claims, resolved 
claims, Coverage B/Coverage Issues, and Unlikely to Settle scenarios are at maximum exposure 
amount under all percentages of the likely to settle scenarios. 

M a x i m u m  R e i n s u r e r  R e s e r v e  Cla im - Claims, which are already being carried at an amount 
greater than the specific reinsurer's retention amount after SDTF recoveries. These clainm may or 
may not be greater than the reiusurer's coverage limit. 
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M e d i c a l  M a i n t e n a n c e  - Claims where the indenmity is settled and the medical portion remains 
open. For ABC, this will pertain to claims Prior to the 1994 Florida Tort Reforms. 

N a  - Amount retained by the company afier recoveries fiom SDTF and reinsurance companies. 

N o t  at  M M I -  Claimant hasn't reached maxirrmm medical impairment as determined by a doctor 
and is therefore unable to settle (as of 10/1/2001, in Florida, the claimant does not need to have a 
condition of MMI to settle). 

Other  - Claims which are not classified as Closed, Coverage B/Coverage Issues, Maxirman 
Reinsurer Reserve, Medical Maintenance, Not MMI, PT, PT Pending, Resolved, or Special 
Disability Accepted. The majority of  these claimants are those who have gone back to work. 
These would include those falling under Permanent Partial (PP) and Temporary Total (TT) 
classifications. 

• P_._T- Claims, which have been accepted under the Workers Compensation statute as being 
Permanent Total. 

• P T P e n d i n g -  Claims where a petition for Benefits has been filed for Permanent Total 
classification. 

R e s o l v e d  Cla ims  - Claims, which have not been formally settled, but which are in the process of  
settling. These can be further categorized into (1) claims which remain open for recovery only, (2) 
claims where a settlement has been reached, but the check has not been issued, (3) claims where a 
settlement order has been prepared and is being presented to a Judge for approval, (4) claims 
where a judge has approved a settlement, and the claim is open to pay final medical and legal bills 
and wiU close or transfer to the SDTF. The majority of clairus in this category are those described 
in item (4). Changes to settlements involving judges were noted in a previous section. 

S D F - R e q s t d -  Paid loss amounts which have been filed with the SDTF, approved, and thus due 
the company. These are not reported in company financial statements as reported losses 
recoveries. 

S D F - o n  R e s  - Reserve and IBNR amounts pertaining to claims, which have already had paid 
losses accepted by the SDTF. Recovery for these reserves will need to be filed with the State 
following additional payments on these claims. These are not reported in company fmencial 
statements as reported loss recoveries. 

Soec ia l  DisabUitv  A c c e n t e d  Cla ims  - Claims which have been accepted by the Special Disability 
Trust Fund as being eligible for recovery because of a condition suffered by the claimant prior to 
his work related injury. 

Unl ike ly  to Set t le  - Claims deemed by management as being unl ikely  to accept a tendered 
settlement offer within the timeframe being considered. 

2. Baci~round and Methodoloev 

a. Need for Non-Traditional Method 

The internal need for a non-traditional method arose after observing great calendar year differences between actual 

and expected loss emergence using the so-called traditional loss reserving methodologies (chain ladder, Bomhuetter- 
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Ferguson, etc.). Several factors, not previously seen in the historical data, have contributed to these differences: (1) 

the tmpact of reinsurance leveraging once active claims began to pierce the applicable retention and render 

historically observed cession percentages too low for given accident years, (2) the receipt of higher than historical 

SDTF recoveries now that enough "lag time" has passed on older claims, (3) a concerted effort by the Third Party 

Administrator (TPA) to settle more claims quicker than the historical pattern. The effort cited in item (3) will result 

in fewer outstanding cases per claims handler going forward, assuming an identical number of claims handlers. 

Item (3) can lead to big spikes in paid loss development methods for some years, while having relatively little impact 

on incurred loss development methods in many cases. These spikes will create more of a distortion as the number of 

open claims begins to dwindle when settlements occur, and subsequently lead to reduced case reserves. A runoff 

entity, unlike an ongoing operation, will not reach a steady state of reserves where new claims enter the reserve base 

as older claims settle. This leads to a shift in the type of clairns remaining open. 

The following table shows the recent trend in claim closures for ABC: 

ABC INSURANCE COMPANY SUMMARY OF CLOSED CLAIMS FROM 12/1/1996-12/1/2000 

12/I/1996 
12/1/1997 
12/~/1998 

18,341 
81719 
5,370 

N/A 
9,622 
3,349 

12/1/1999 4,274 1,096 
12/1/2000 3,068 1~206 

Open claims shown above include those claimants who have agreed to settle in principle. On the summary examples 

in Appendix C, these types of clairnants are classified in the "resolved claims" category. 

The ABC claims department estimates that by the end of 2002, there will be somewhere between 500 and 750 

remaining claims, all of which can be considered "Unlikely to Settle". There will still bc additional claims that have 

either agreed to settle, or which have open files while awaiting recovery from either a reinsurance company or the 

SDTF (resolved claims noted above). 

The more difficult challenges for actuaries exist in cases where future patterns will differ from historical ones. Given 

that the future population of remaining claimants will be those who will not settle, we would expect future 

development to look different from the previous population (which was more similar to the "steady state" situation 

mentioned previously). The reserves for this group of claimants should ultimately exceed settlement value, whereas 

many of historical claimants accepted payments for reserves at some percentage of the settlement value. 

Looking at data on a claim-by-claim basis could pose logistical difficulties for a large entity or an ongoing entity, 

which will still have sigmflcant "true" IBNR claims. However, as a runoff company handles fewer and fewer claims, 
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this procedure should become less cumbersome. At the end of 2002, this may become very little more than applying 

a maximum exposure procedure with appropriate modifications. 

Traditional actuarial methods may be slow to recognize the change in claimant population, especially with a rapidly 

dwindling book such as ABC's: As mentioned earlier, this population is not necessarily different than those 

claimants historically seen at the same maturity. Additionally, the Industry development tail may be overstated for a 

runoff entity if claimants are less aggressive in their filing of  claims than they would be for a "deep pockets" ongoing 

company. 

Traditional aggregate grouping methodologies may also be slow to reflect leveraging of  reinsurance cessions once a 

retention level is reached. It may also be slow to reflect future SDTF recovery now that the last two calendar years 

have produced significant increases in the amount of  recovery received. As the claim database for a runoff entity 

becomes more manageable, the ability to look at these parameters on a case-by-case basis becomes a lot more 

appealing. With appropriate judgment, many of these difficulties can be overcome with a claims specific reserve 

model. 

h. Development of Model 

1) General  Background 

Because of reserves being held at "settlement value", claims that will not settle will need a lengthy procedure 

whereby payments will continually be made to a claimant until either death (for the claimant) or remarriage (widow's 

benefits). If  no claimants ever accept a settlement, the exercise will reduce to projecting future payments multiplied 

by the number of remaining months to live. We will refer to this going forward as the "maximum exposure" 

example. 

Because some claimants will, in fact, accept settlement offers, we will need to divide our data into the "likely to 

settle" and "unlikely to settle" categories as determined by the claims unit. For likely to settle claims, we can set 

reserves at a specified percentage of the carried reserves - perhaps somewhere around the targeted settlement 

amount (currently 80% as mentioned previously). Unlikely to settle claims will essentially deed to be held at the 

"maximum exposure" reserve figures. Details as to the assumptions for each settlement possibility will be provided 

later. An adjustment is later performed outside the scope of the model to adjust for the possibilities that claimants 

deemed as "likely to settle" will in fact never settle and vice versa. In many cases, it is not implied that a claimant 

will never accept a settlement, just that they will not accept the current offer - an offer currently targeted at a 

specified percentage of the held reserve amount within the specified time frame. 

In its most basic form, the "unlikely to settle" category of the claims projection model applies an average monthly 

payment amount (average yearly divided by 12) to the number of remaining months. This procedure is similar to 
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that proposed by Teng in his 2001 Call Paper. Any standard mortality table (in this case, the most recent State of 

Florida, "non-impaired" table) can be used to estimate the number of remaining months in a claimant's lifetime. Not 

using the "impaired" table could provide an element of conservatism if one is to believe that ABC's seriously injured 

claimants have a lower expected lifetime than the general population. Also, for simplicity, this model projects the 

claimant's lifetime as the number of remaining months without considering a likelihood distribution. If a claimant 

lives longer than the expected lifetime, the burden of additional cost may be the responsibility of reinsurance 

carriers, whereas a shorter lifetime may lead to lower ultimate values. 

Projected payments are made separately for medical losses, indemnity (lost wage) losses, and allocated loss 

adjustment expense. Assumptions regarding these projections will be discussed in separate sections. Final ultimate 

reserve amounts based on these payments are then "netted down" to consider the impact of reinsurance cessions and 

SDTF recoveries. 

Looking at data on a claim-by-claim basis also provides an excellent opportunity to audit the data, especially when 

performed in conjunction with a company's claims department. In the case of ABC's held reserves, a handful of 

adjustments were made to the data following the audit of claims within this model. It was discovered that a few of 

the medical maintenance claim files still had reserves being held for future indenmity payments. Additionally, there 

were still some reserves being held on a number of claim files that were already closed. The fmal scenarios have 

reflected what should be the true reserves on these claims. These corrections can best be observed on any of the 

attached "100% of reserves, likely to settle" scenarios (since the amounts are not equal to held amounts). 

Summaries of the claims specific model are shown in Appendix C. Exhibits 1-5 show three effective groups of 

figures. The information at the far left of the page shows the ultimate reserve amounts as would be projected using 

the given assumptions for each scenario. The middle section shows the case reserves being reported in ABC's 

financial statements. The section on the far right of the page takes the difference between the two other sections. 

This would be the final IBNR. It should be understood that the "Direct" minus "SDF" minus "ceded" would be the 

amount "net" of recoveries from reinsurers or the SDTF. "SDF-Reqstd" represents SDTF recoverable amounts for 

paid losses already approved by the State of Florida, and due ABC. This differs from "SDF-on Res", which are 

reserves (case or IBNR) for these approved claims, which would be eligible for SDTF recovery once payment is 

made and SDF-2 forms are filed. The Descriptions of the claim categories seen in the rows on the far lefr were 

defined earlier. 
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2~ Model Scenarios 

As the number of open claims for ABC begins to dwindle, management will need to understand how to handle the 

ongoing 'parameter' risk associated with a loss sensitive model like the one produced. Rather than view one 

scenario as the "best" estimate of ultimate loss, it may make sense to run several different versions of the model, and 

consider applying likelihood weights to each. This is not too much different than the ultimate loss reserving process 

of applying various weights to different actuarial methods. 

For likely to settle claims, ABC has chosen to show these claims settling at both 80% of the current reserve value 

(the current target and an amount closer to the historical figure) and 100% (an amount which would make sense if 

one believes that the population will have fewer claimants willing to accept 80% going forward). 

Particulars of the escalating loss payments will be discussed in a later section. However, it should be noted that the 

model is able to handle the concept of escalating loss payments with the help of conunon reserving soRware. With 

minor adjustments, the model should be able to even handle escalation payments with different inflation/trend factors 

for different time periods. 

3~ Reinsurance Recovery Calculations 

It is not at all difficult to calculate reinsurance recovery for each claimant after determination of the ultimate loss. In 

the case of ABC, ALAE cession arrangements are on a pro rata basis except for two Fund years pertaining to one 

fund. Such adjustments for the differences in ALAE arrangement can be easily handled for different reinsurance 

treaties. 

Should any of ABC's reinsurers look to commute ongoing treaties, it would not be difficult to project a reasonable 

settlement using ultimate losses as determined by the claims specific model. Additionally, handling of previously 

commuted reinsurance arrangements on a claims basis may prove to be much easier to calculate than would a 

"traditional method" based on aggregate loss information. Any traditional cession analysis using aggregate data 

rum the risk of being too conservative in their projectiun of ultimates if there is a difficulty quantifying the leverage 

effect of reserves already at the maximum retention. Additionally, one may want to consider the likelihood of a 

claimant accepting a settlement (perhaps at an amount below the reinsurance retention) prior to any commutation 

discussions. 

During the years 1995o1997, ABC had a Quota Share arrangement, whereby 75% of loss and ALAE was ceded after 

an inuring $1M maximum per claim. When losses exceed the $1M retention, expenses will be ceded on a pro rata 

basis. On the Appendix C summary exhibits, any cessions seen on losses, which are not at a '~aximum reinsurance 

reserve" classification, pertain to this 1995-1997 Quota Share. 
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A handful of ABC's reinsurers have been declared insolvent. Cessions to these carriers have been removed from the 

cession calculations. If management would want to test cession scenarios should certain other reinsurance carriers 

become insolvent (even at future points in time), we could remove these carriers from ceded recovery calculations. 

For example, you could remove those carriers rated as "A-" or below by A.M.Best. 

4) SDTF Recovery Calculations 

SDTF recovery is calculated for each eligible claimant, inuring to the benefit of  all other recoveries except for 

subrogation. For the 1995-1997 years, the phase-out by the State of Florida resulted in ouly a 50% recovery for 

SDTF claims. This arrangement has been handled for each applicable claimant. For a handful of other claimants, 

the State approved recovery amounts other than 50% or 100% for SDTF claims. Modifications for these different 

percentages are ~vial .  Future recoveries from the SDTF may need to be ceded back to the reinsurers (or 

occasionally even the SDTF itseff in a subrogation situation). SDTF recoveries shown in the calculations are figures 

'net' of  reinsurance cessions. 

5) Social Security Offsets 

A 20% offset for Social Security has been applied to the indemnity reserves for the PT Pending and Not at MMI 

Unlikely to Settle Categories, since these types of claims would most likely qualify for Social Security recovery (if 

the claimant has worked enough quarters). Injured workers under the age of 62 may qualify for disability benefits 

under Social Security. 

As current PT claimants should already qualify for Social Security Offset, historical indemnity losses should already 

be reflected net of  Social Security offsets. The average calendar year payment calculations, used in the unlikely to 

settle situations, are based on historical paid information. As such, Permanent Total historical payments should 

already implicitly reflect payments net of Sociai Security offsets. As a result, only PT Pending claims and claims not 

at MM1 would need adjustments (since they wouldn't be reflected in the historical data) 

Although hard to quantify, other segments could have claimants qualify for Social Security, based mostly on age of  

claimant (62 and older). The omission of such an offset applies a little bit of  conservatism to the model. 

6] Medical Reserve Overrides 

Sometimes the claims department can identify "problem" or unique claims where applying an average payment based 

on the general population would not give optimal results. In such cases, these claims have been entered using a 

claim "override" instead of the usual methodology (ultimate loss based on a maximum exposure method for 

"unlikely to settle" claimants). 
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The two overrides on "likely to settle claims" (one at reinsurance maximum and the other in SDTF) have not been 

entered at the claims department estimates, but instead at the likely to settle reserve percentage (either 80% or 100% 

depending upon scenario). These claims should be monitored in the event that they switch from likely to settle to 

unlikely to settle categories. 

c. "Likely to Settle" Ultimate Reserve 

The model applies a selected percentage of the current reserve amount to likely to settle claims (in our examples, 

we've shown both 80% and 100%). 

Appendix C, Exhibit 9 shows historical closed reserve percentages based upon reserve values at both 12 and 24 

months prior to closing. Since settlement value reserves may very well be substantially below where ultimate 

reserves should be booked if the claimant never accepts a settlement (and even well below where ABC would expect 

a claim to realistically settle for), it is occasionally ABC's practice to raise the reserve figures to an amount equal to 

or above the final agreed upon value just prior to the final agreement. As such, comparing where the percentage of 

the final payment amount will be to where the reserve values were at points 12 and 24 months prior to closing will 

prove to be a more useful relationship than would be comparing the relationship of final agreed upon settlement 

amount to the held reserves carried one day prior to settlement. 

Historically, claimants have accepted settlements, which were approximately 70% of the held reserve value (the 

"settlement" value) at 12 and 24 months before closing. As of late, claimants are starting to require settlements that 

are 85-90°/0 of the settlement value reserve. The underlying thought expectation is that over time there will be fewer 

and fewer claimants who would accept amounts as low as 70% of the settlement value as their final claim settlement 

- meaning that since there is no new business coming on, only the "harder to settle" claims remain at any point in 

time. In some ways, this pattern parallels the same logic behind the classic actuarial S a l z m  principle that states, 

"The average size of unpaid claims generally increases with the age of development." We would expect the average 

percentage of settlement value, which would entice a claimant to settle their claim, to also increase over time. 

However, certain outside influences (such as state of the economy mentioned previously) could impact how these 

percentages apply in a given calendar year. 

While ABC may consider using higher percentages of held reserve amounts to attract more settlements (hopefully, at 

a lower value than an "ultimate" reserve figure), an inunediate increase would alert outsiders that higher percentage 

values are now being offered. Such a situation could very well result in an upward bias of future claim amounts after 

the elaimunts' bar figures out this change in handling philosophy. As such, ABC raises the settlement value amounts 

in a slow fashion. 
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Of note, losses already at the reinsurance retention may have a "reverse leveraging" effect if reduced by a likely to 

settle target percentage. Supposing the target settlement rate in our model uses 80% of reported direct reserves as 

the ultimate losses for likely to settle claims. If paid losses for a particular claim already exceed the retention, then 

the net reserve reduction would be 0%. On the other hand, some reserves could be reduced by the entire 20% 

amount (an example would be a case where no losses have been paid, but the reserve amount is equal to the 

retention). As a result, the selected net reserve percentage will end up being somewhere between 80% and 100% of  

held net reserves for the body of claims already at the maximum reinsurance retention. SDTF claims could have 

distortions for a couple reasons: (1) reverse leveraging for claims at maximum reinsurance retentions, and (2) the 

replacement of ceded losses by SDTF recoveries once amounts are received and thus placed on company financials. 

d. "Unlikely to Settle" U l t i m t e  Reserves 

The unlikely to settle claims take the ALL year indemnity paid average monthly average and multiply this factor by 

the number of remaining months. Florida statute specifies set wage amounts to be applied to a claimant's lifetime, 

and thus should have very little fiuetuation in these amounts. A supplemental benefit (to be discussed later and 

calculated on Appendix C, Exhibit 8) is applied in some cases to handle a cost of living increase, subject to certain 

caps. If  one wanted to apply this procedure to states with unique Cost of Living Adjustment (COLA) procedures 

(like those used in Massachusetts for instance), appropriate modifications would need to be made. 

The unlikely to settle claims take the latest four-year ALAE paid average monthly average and multiply this factor by 

the number of remaining months. The logic used in selecting a four-year average is given in the ALAE section. 

For unlikely to settle claims, we've calculated the medical yearly payment amounts (differing by accident year) as 

shown on Appendix C, Exhibit 7. The model then takes these yearly calculations, and applies them to the remaining 

number of months (after dividing by twelve). The derivation of the yearly payments is detailed in the next section. 

l)MedicalEscalation 

Unlike the indemnity portion of Workers Compensation claims, where payments should remain relatively steady for 

a claimant as payments are set by statute (usually as a percentage of  the claimant's salary or statewide average 

weekly wage), medical payments have many outside factors, which add volatility to the reserving process. 

Significant volatility exists for medical payments depending on number of  years from accident date (whereas 

indemnity payments should remain relatively steady). As such, it may prove to be too cumbersome, and more 

importantly not as accurate, to attempt to take a stxaight average of historical medical payments by claimant and 

apply these to future remaining months using mortality assumptions. The model will use a combination of individual 

claim history as well as aggregate claim data by accident year. 
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Appendix C, Exhibit 7 shows the historical calendar year payments (by accident year) for the open claims not at the 

reinsurance retention. A calculation was then performed whereby payments for each accident year were trended by a 

6% inflation factor to put all years at the 1997 accident year cost level. A weighted average for the 1984-1997 years 

was then determined using the number of open claims as weights. 

Of  importance is the apparent "U-Shaped" paymem pattern seen on the graph associated with this group of  open 

claims (Appendix C, Exhibit 7, Page 1). Because this is a forever changing body of  claims, the information should 

be reviewed periodically. The spike in early year payment is consistent with claimants needing the initial costly 

surgeries following an injury, and the intensive physical therapy associated with treatment. Over time, there is a 

decrease in utilization, which may counteract the effects of  medical inflation. The decrease appears to end about 11- 

12 years following the initial accident date where we begin to see a gentle rise in payments once again. It is very 

likely that as the population ages, they begin to need foUow-up surgeries and additional treatments. As ABC has 

been in runoff for four years, we WIU look at payments beginning at year 5. After appearing to be at a low point at 

around year 11-12, there begins to be an increase in average payment. 

The rise in payments beginning at year 11 can be looked at as a combination of  two pieces: (1) those who need 

therapy only - this should go up annually by about the amount of people's wages or hourly costs---4% at this writing, 

and (2) those who need additional surgeries. Anecdotal data would suggest that surgeries and hospitalizations 

increase at a higher trend. We can think of a 6% escalation in loss trend as a combination of therapy cost increase 

with a virtual "cat load" of  2% for those needing surgeries or other additional costs. 

To handle the "u-shaped" payment behavior, the model has observed that, for the case where all accident years are 

trended to the same point in time, the year 5 and year 16 payment average is approximately equal to the average of 

the years 5 through 16 payment average. In other words, historical medical payments show a relatively level average 

payment for years 5 through 16. Since ABC has been in runoff for four years, payments for the frost four years 

would not be applicable to the current book of claims. The model will assume payments will be fiat for calendar 

years 5-16, and then escalate payments beginning at calendar year 16 (in those scenarios where we apply escalation 

percentages). This procedure takes a sununation of all projected calendar year payments for each claimant, 

considering each particular accident year. 

The by accident year averages show very little difference among payments for accident years 1979-1991. As such, 

the procedure is simplified by taking a weighted average for calendar years 5-16 payments to apply to these accident 

years. For the years, which do not have 16 calendar years of payments yet, we have taken the average of years 5 

through N, where N is the most recent calendar year. For accident years 1992 and 1993, we have determined the 

average of the payments for years 5 through N. Because there have been very few historical payments for accident 

years 1994-1997, we have trended the 1993 selected 5 through N average by the selected escalation percentages - at 
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6% for the 6% escalation scenario, and at 10% for both the 10% escalation scenario as well as the "10% year 17-21, 

6% thereafter" scenario. These values will ha used in the model during the escalation procedures. 

The model takes the average monthly paid amount, by claim, through the first eight years following the date of the 

accident, and applies these amounts to the remaining months up to the first eight years. As our data shows that the 

first four years are among the highest payments because of the initial surgeries and comprehensive treatments, we 

would expect the first eight year average to be especially high for the claims whose accident dates are less than eight 

years ago. In ABC's case, since a 75% quota share applies to Accident Years 1995-1997, the impact of  this 

conservatism in somewhat counteracted. 

For the remaining months for years 9-16, the model takes the lesser of the monthly average of years 1-8 and the 

selected 5 through N average as determined previously - a weighted average for years 5-t6 (or 5-N) for accident 

years 1979-1991, the actual 5-N average for accident years 1992 and 1993, and the trended average for accident 

years 1994-1997. It is possible that for the second eight years, there may be a shortfall in applying a lower payment 

for a particular claimant (first 8 year average) instead of the 5-16 all claim average. This should be offset in the 

cases where the individual claim average for the first eight years is higher than the 5-16 all claim average. 

Beginning at age 17, we escalate the age 16 payments by the appropriate escalation scenario (assuming there is one) 

by accident year, and apply this procedure to each claimant. In the case where 10°6 escalation is assumed for years 

17-21, and 6% thereafier, the payment for year 17 is 10% higher than the payment for year 16, the payment for year 

18 is 10% higher than the payment for year 17, etc. The payment for year 22 should be only 6% higher than the 

payment for year 21, etc. In the scenario assuming no medical escalation, identical payments will be made for all 

years beginning with year 9. 

2~ Suonlemental Indenmitv Escalation 

Permanant Total claims quafify for a supplemental indemnity (SI) benefit under Florida statute. The model adjusts 

reserves for Unlikely to Settle PT claims for the additional benefit to claimants. 

The benefit allows a 5% yearly increase (additive, not compounded) to the base weekly wage. For instance, in year 

one, the increase would be 5% of the weekly wage; in year two it would be 10% and so forth. The benefit is eligible 

for all applicable recoveries including SDTF. For each accident year, the benefit would be limited to certain 

Statutory maximums. The model has performed a separate adjustment whereby eligible claims are looked at 

separately, and the monthly SI benefit is applied to the number of  remaining months (subject to the maximums). 

Necessary adjustments are then applied for cessions where necessary. Appendix C, Exhibit 8 includes sample SI 

calculations. 
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Over time, the model can perform an edjuslment to project claims, which will become PT claims, and then determine 

an SI adjustment for these. The same body of claims, however, may be eligible for a Social Security offset, and so 

there may be a negligible impact after offset. When only unlikely to settle claims remain, it may be a future exercise 

of  the claims department to determine, which remaining claims have a realistic impact of reclassification. Following 

this determination, both SI and Social Security adjustments could be determined. 

C. ABC Specific Adlustments (Outside the Claims Snecific Model} 

1. Background 

Now that we have established Workers Compensation IBNR using the payment specific claims model, we will need 

to adjust the model's IBNR figure for items, which make sense to be considered outside the claims specific model. 

The items listed in the next section were not considered in the payment model proposed by Teng in his 2001 Reserve 

Call paper, but the resulting additional IBNR or valid recovery amounts would be necessary adjustments to consider 

prior to booking a f'mal net IBNR provision. 

2. Specific Adlustments 

a. Subrot, atlon 

The model doesn't adjust for recoveries for subrogation. In the Workers Compensation line of business, salvage 

recoveries are rare or non-existent. Subrogation recoveries could result in the case of carrier dispute (for instance, in 

the case of disease manifestation or injury triggers), or line of  business dispute (for instance, an automobile accident 

in the course of employment)just to give a couple of examples. 

To arrive at anticipated subrogation recoveries, we have applied a traditional paid subrogation to paid loss and 

ALAE development approach (using annual link ratios) to derive an overall percentage of losses and ALAE, which 

will be subject to subrogation recoveries. We then applied the ultimate percentage to the ultimate IBNR (including 

ALAE). Based upon our scenario using 100% of carried reserves as the settlement amount for likely to settle claims, 

and 6% escalation after year 17 (Appendix C, Exhibit 4), the ultimate subrogation ratio of  1.9% is multiplied by 

ultimate IBNR of $1,590,341 to amve at IBNR recovery of $30,216 (Appendix D). 

An enhancement for companies with credible enough information would be to apply ultimate subrogation recovery 

ratios to IBNR for each accident year. Also, if specifics knowledge of recoveries are known or anticipated, 

adjustments could be made to each of  the specific claimants (as well as seeing impact of cessions to reinsurers or the 

SDTF). 
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With reinsurance recoveries already being contemplated in the model, determining anticipated subrogation 

recoveries may not be quite as simple as reducing IBNR by the subrogation amount. Since subrogation recoveries 

inure to the benefit of  reinsurers, taking both subrogation and anticipated reinsurance recoveries could in effect 

double count the anticipated recoveries. However, in the case where claim payments have exceeded the reinsurance 

limits, subrogation recoveries would serve to effectively reinstate a portion of  the reinsurance limits. In its most 

basic case, if  all subrogation recoveries pertained only to claims below the reinsurance attachment point, 100% of the 

anticipated subrogation recoveries could be applied to IBNR. If all subrogation recoveries effected claims already at 

the reinsurance attachment point or greater, 0°/6 of  the subrogation recoveries should be applied to IBNR. Should a 

particular company's practice be to not pursue subrogation recoveries as aggressively when a claimant is already in 

the reinsurance layer, they could consider applying a factor (such as 75%) to the anticipated subrogation recoveries 

to consider the possibility that some anticipated recoveries may potentially inure to the benefit of  reinsurance 

recoveries. 

b. New/Reonened Claims 

A provision for new and reopened claims has been handled as an outside-the-model adjustment. As not all carriers 

are consistent in their definitions of  new, reopened, or even closed claims, some entities may be more subject to 

additional claims going forward. For example, some entities may deem a claim closed if there is a lack of payment 

activity for a set number of  months. Others may only treat a claim as closed i f a  complete release has been signed. 

Obviously the former entity would be expected to have more future activity from reopened claims than the latter. 

NewRBNR Claims - As mentioned earher, Workers Compensation claims have specific statute of limitations 

regarding reporting requirements for new claims. In most cases, ABC (in runoff for four years) will be able to deny 

payment for new claims on the grounds that they are being filed after the required statute of limitations for Florida. 

At this point in time, there can still be some exposure under Employers Liability - Section B as a result of  third party 

over actions (for instance, if an employee gets hurt while using a product, sues the product manufacturer, who then 

countersnes the employee's supervisor for negligence - this would be considered a "third party over action"). 

Exposure for Employers Liability is fairly remote with the passage of  time. Although no specific adjustment has 

been made for IBNR claims (under Section B or otherwise), a provision could be put in as a conservative adjustment 

to the model. 

Reonened Claims - Recent legal contract language and Florida Statutes have made reopening of closed claims a 

virtual impossibility, especially after a settlement offer has already been accepted by a claimant. Occasionally, 

courts may allow a reopening of a claim based on alleged fraud in settlement (not disclosing immediate necessary 

medical procedures upon settlement would be an example), but such an instance is viewed as the very rare exception 

rather than the rule. 
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More commonly, ABC occasionally receives a late medical procedure bill for services rendered prior to settlement. 

As such, a claim file is temporarily opened, a payment is rendered, and then the claim file will irmnediately be "re- 

closed". The provision for this type of adjustment has been added to the IBNR calculated on the model. Based on 

the mast recent statistics, ABC has received a monthly average of $108,361 for reopened claims, with the yearly 

median decreasing by 15.68% annually. As seen on Exhibit E, this will result in another $6.991 Million of IBNR, 

calculated using a geometrical decay procedure. 

c. Amounts in Excess of Reinsurance Limits 

Given the mortality assumptions in the table used, and the average payments calculated per claimant, it was 

determined that no claims would pierce the reinsurance limit, and result in additional liability to ABC. However, the 

contingency that claimants may ultimately incur costs in excess of the reinsurance limit could exist under a few 

scenarios: (1) individual claimants with significant payments outliving the expected number of years, (2) modest 

deterioration of the large "override" claims, and (3) a current sound reinsurer may become impaired or insolvent at 

some point in the future. 

To calculate the amount of  liability for claims exceeding the reinsurance maximum, we assumed that each claimant 

would live to be 95 years old, and multiplied the amounts in excess of the reinsurance limit by the probability that a 

claimant would live to the age of 95. We have used this method as a shortcut approximation of an approach, which 

would multiply the payment for a given age of claimant by the probability that this claimant survives each passing 

year (up to age 95). Using our scenario of 100% of  carried reserves as the settlement amount for likely to settle 

claims, and 6% escalation after year 17, we have discovered that three claimants would exceed the applicable 

maximum reinsurance thresholds. An additional $665,497 (calculated in Appendix F) has been added to the model's 

ultimate net IBNR. 

Mathematically, a company with credible enough data could consider estimating these loss amounts by performing a 

stochastic simulation. However, parameter risk would most likely increase as the number of  open claims begins to 

decline. 

d. Migration of  Claimants from 'Likely to Settle' to 'Unlikely to Settle' 

Claimants have been assigned into the classifications of likely to settle and not likely to settle based on judgment of 

ABC's claims operations. As would be expected, as time passes, not all "likely" claimants settle, nor do all 

"unlikely" claimants continue to refuse settlement offers. We will also assume that our calculation will cover 

claimants who switch categories i.e. going from the "other" category (which would include permanent partial or 

temporary total classifications) into the "permanent total" category. Companies with more credible information may 

consider further studying this switch as an enhancement to the ABC model. 
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Based upon a calendar year analysis, discussions with the claims department, and judgment, we have determined that 

roughly 10% of claimants deemed as likely to settle will eventually be in the unlikely to settle category (this is a net 

figure with an assignment o f + l  given to a claimant who switches from likely to unlikely and -1 given to a claimant 

who accepts a settlement after being classified as unlikely). Based upon our scenario using 100% of  carried reserves 

as the settlement amount for likely to settle claims, and 6% escalation after year 17, we have determined that the 

average amount of net payment for likely to settle claims is $41,699 (equals $28,787,584 divided by 690). The 

similar calculation for the unlikely to settle claims gives an average net amount of $160,329 (equals $62,688,761 

divided by 391). We have selected the approximate difference in these averages of  $125,000 as the increase in 

severity due to the changing of  classification. The final adjustment will multiply 10% of the number of likely 

claimants (690) by $125,000 equals 690* 10%*$125,000=$8,625,000. 

In this example, we have conservatively not considered the additional impact that reinsurance cessions may have on 

the classification switch. Companies with more credible data may want to consider switching from likely to unlikely 

by explicit category. 

D. Possible Enhancements 

While the assumptions used for the ABC non-traditional model are appropriate for an entity with such few open 

claims, additional endless possibilities could be used depending on data availability, credibility considerations, and 

management's tolerance for change. 

1. BF Test A Priori to be used for Traditional Methods 

If vast differences exist between the selected ultimates determined by traditional methods and those of  the claim 

specific method, a company could aggregate the claim specific ultimates by accident year, and use these selections as 

the a priori in a traditional method Bornhuetter-Ferguson test. 

The effect of this would be to smooth in the claim specific ultimates to the comfort level of management (or 

shareholders) while still being in a position to make refinements to ultimates for differences from expected results 

going forward. 

2. Restatement of Loss Development Triangles to Reflect Experience of Ouen Claims Only 

Historical loss development triangles can be developed whereby the experience shown is that of only the remaining 

open claimants. Loss development and BF methods can be applied to this triangle to determine ultimate loss 

amounts. The results of this method can be compared with those already determined by the claims specific model for • 
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reasonableness. Some reserving actuaries already employ similar procedures to remove commuted treaties and 

treaties at a loss "maximum cap" from their loss development history. 

As mentioned previously, an appropriate provision should be considered here to reflect payments associated with the 

reopening of claims that were previously closed. 

3. Accident Year bv Calendar Year Average for Indemnity and ALAE 

ABe has taken a monthly average, claim by claim, of average indenmity payments (monthly four year average for 

ALAE payments) to project the ultimate paid reserve. Companies with a greater number of unlikely to settle 

claimants may find this procedure too cumbersome, and think about taking an average by accident year for indenmity 

and ALAE, identical or similar to the procedure used by ABC for medical payments. States with more s~ingent 

statutory escalation for Cost of Living AdjusUnent (COLA) such as Massachusetts would need appropriate 

modifications. 

4. By All Type splits 

ABe,  with a non-increasing number of  claimants, looks to group all claimants into either the "likely to settle" or 

"unlikely to settle" category. Companies with a credible enough body of open claimants could consider refining the 

data set (PT Pending vs. Medical Maintenance vs. Other, etc.) to see if significantly different conclusions may be 

reached as to ultimate reserve amounts. These companies can also further study migration among classification 

types. 

5. Hosnltal vs. Home Healthcare sulits 

Companies with credible enough data could look to see if  different trends and development are visible when medical 

payment data is split between HospitaFSurgeon costs and Home Healthcare costs. 

6. Actual vs. Expected Calculations 

To test the assmnptious of a claims specific model, the previous year's model can be run to assume each claimant 

will live only 12 more months. The expected and actual payments and reported losses can then be compared and 

refinements to assumptions made accordingly. 
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HI. WORKERS COMPENSATION ALLOCATED LOSS ADJUSTMENT EXPENSE (ALAE) ISSUES 

A. Background 

As mentioned in an earlier section, the implementation of  the Florida Tort Reforms of 1994 has impacted the ALAE 

development of  Florida Workers Compensation carriers in general, and ABC in particular. Most companies, 

including ABC, saw large increases in their ALAE costs in Calendar Years 1996 and 1997; a direct result of  the first 

push to reclassify claimants' injury types to the Permanent Total category (recall that Temporary Total and 

Temporary Partial benefits were to expire aider 104 weeks of coverage - 1/1/1996 if classification began at 

1/1/1994). It is our experience, that once a claim is considered a "PT Pending" claim, it would be a rare exception 

for it not to ultimately become a PT clain~ 

Although the initial push to file for additional benefits subsided following the 1996 and 1997 calendar years, there 

remains no statute of limitations for attempted reclassifications. However, one would expect that over lime, a runoff 

entity like ABC will have fewer and fewer older non-PT claims that would have enough PT characteristics to 

eventually qualify for inclusion. 

Additionally, a conscious effort was made by the ABC claims deparlment beginning in 1999 to put more borderline 

claims into the PT category innnediately, rather than pay additional ALAE costs to fight the classification. This 

manner is similar to the way some claims departments may never fight any claim they can settle for under a given 

amount, say $5,000. 

Several factors may, in fact, lead to an exception to the actuarial Salzmann principle, which states, "The ratio of  paid 

allocated loss expense to paid loss generally increases with the age of development." One obvious reason is that a 

lot of ALAE may be expended initially to reclassify a claim as PT .  Once the reclass has taken place, there should be 

less ALAE expended unless a settlement is rendered. Also, over time, there will be fewer remaining non-PT 

claimants, and therefore, there will be fewer claims to pursue reclassification with. 

Finally, as mentioned earlier, effective 10/1/2001 in Florida, a judge no longer needs to approve an agreed upon 

settlement for new claims. Additionally, judges would also be allowed to review legal expense for reasonableness. 

These changes should serve to cut down on ALAE going forward. It should also lead to ABC having fewer resolved 

claims at any given point in time, all things being equal. 

B. ALAE in Claims Specific Model 

Given the information in the previous section, it should be apparent that the paid ALAE pattern was somewhat 

erratic for the 1996 and 1997 calendar years, and should probably be less so going forward. 
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Many companies don't  even establish case reserves for ALAE, booking only a bulk IBNR figure for their financial 

statements. Traditional ALAE reserving methodologies usually involve variations of Paid Loss development 

methods (Paid ALAE Development, Paid ALAE Bomhuetter-Ferguson, Paid ALAE/Paid Loss Development). In 

our Florida Workers Compensation case, we would need to adjust the development factors and expected ALAE 

ratios accordingly in some sort of judgmental fashion. Settlements of claims would create yet another distortion. 

The possibility of overstating the needed reserve would be very realistic. In fact, the ALAE case reserves for ABC 

have steadily declined each of the past two years, possibly the result of  a lag in reflecting Industry conditions Post- 

1997. Finally, we should consider that as ABC's reported losses begin to pierce the applicable reinsurance 

retentions, we would expect more ALAE to be ceded under the reinsurance treaties of ABC (predominately pro-rata). 

The claims specific model simplifies the process somewhat. Historical payments are tracked for the last 48 months 

for each individual claim. This monthly average is then multiplied by the number of remaining months to determine 

the dtimate ALAE reserve. Appropriate cession modifications are then made if future loss cessions would increase 

over time. Under some treaties, ALAE cessions under pro rata agreements are rounded down to the nearest whole 

percent in aeenrdance with reinsurance agreements. For example, if  32.4% of losses were ceded under an "ALAE 

pro rata" reinsurance agreement, we would then cede 32.0% of ultimate ALAE. Adjustments have been made for the 

applicable treaties. 

Until the end of 2001, the average ALAE payment will include some payments from the 1997 calendar year, which 

looked to be the tail end of the "big ALAE cost years" following the Tort Reforms of 1994. We could consider 

taking the latest three-year monthly average (1998-2000) or each of the latest three years averages multiplied by 

appropriate inflation factors. It is still unclear as to whether ALAE costs will routinely increase for a given claim 

especially if it is already classified as a PT claim, and there is no likely future settlement. Such a situation should 

have very little additional outside attorney involvement. In the specific claims model, we have judgmentally decided 

to cap each individual ALAE ultimate amount at two times the incurred to date figure. Our data shows cumulative 

ALAE development factors to ultimate are significantly below 2.000 for claims that are at least four years old. 

IV. OTHER ISSUES 

A. UnalIocated Loss Adiustment Expense {ULAE) 

1. Background 

This section is intended to explain some of the outstanding issues, which arise in establishing ULAE reserves for 

runoff entities (though not necessarily comment on which one would be superior to others). Several theories exist, 
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and are as varied as the claims reserving practice of the companies themselves or of the interpretations of  the various 

State Insurance Departments. Some departments have even taken the approach that a runoff entity is only set up to 

handle claims reserves, and as such, ALL costs associated with the runoff operations should be considered as ULAE 

costs. Other departments have taken the approach that runoff companies are trying to reduce their handling costs, 

and would recommend applyin~ a lower percentage of ULAE reserve than they had considered while an ongoing 

operation. There is also an Industry expectation that outsiders (attorneys, cedents, etc.) will pursue claim actions less 

aggressively with a runoff entity than they would with an ongoing operation. This should reduce ULAE costs, all 

things being equal. 

In many cases, companies are looking to reduce overhead through reduction of employees or other tangible costs, 

and thus historical information may not always be a good indicator of the future. On the other side, companies may 

have voluntary attrition of its most capable claim-handling employees who may seek other longer-term opportunities. 

Such a situation could add additional costs and time as training of new employees becomes necessary. I fa  company 

looks to avoid employee attrition by providing retention bonuses to some of  their workers, this will result in further 

ULAE costs. 

2. Paid ULAE to Paid Loss Method 

Traditional ULAE methodologies utilize the "paid ULAE to paid loss" methodology, whereby a specified percentage 

is applied to IBNR while half the percentage is applied to case reserves. The underlying thought process makes the 

assumption that half of ULAE cost is expended when a claim is first reported, while the other half is expended when 

a claim is closed. A company's case reserves have already been opened and would only need to be closed (the 

second half of the percentage). IBNR reserves need both the first and second half of the percentage (to both open 

and close a claim). 

Under the traditional thinking, since ABC is in runoff and has only Workers Compensation reserves (which would 

not have IBNR claims and pipeline IBNR becomes rare over time), the formula would simplify to the selected ULAE 

percentage multiplied by the case reserves (factoring in something for development of known cases perhaps). This 

method could be distorted if a company uses substantially different "settlement value" case reserves than whatever 

source was used to derive the selected percentage (either Industry or the Company's historical figures). If credible 

enough data exists, companies can estimate ULAE percentages required to settle claims above or below a certain 

open case reserve thresholds ($50,000 for example), and look to apply this methodology separately for each 

monetary classification. 
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3. Reserve Based on Pre-Paid ULAE Costs 

It is not uncommon for a runoff entity to hire a Third Party Administrator (TPA) to handle claim costs going 

forward. These costs will be reduced over time as claims become fewer and economies of scale become present. 

One would expect that costs to the TPA should staff to decrease over time. A ULAE reserve methodology could 

thus be undertaken, which takes the current year's budgeted figure and decreases this amount for a set (or infinite) 

number of years going fonvard. The formula would use a geometric decay: Reserve = Year X Budget*(l/X%-l) 

where X is the selected yearly decrease in TPA budgetary cost. If a company determines budgetary costs based on 

number of open claims being handled, appropriate modifications can torn this method into a more familiar 

"frequency of claims*severity ofpayrnent" method in determining projected budget figures. 

4. Industry ULAE/Reserve Percentages 

One can determine an Industry ratio of ULAE reserves to either 1BNR or total reserve, and then apply this 

percentage to the appropriate company denominator. If an Industry Schedule P is used from the latest Best's 

Aggregates and Averages (A&A) all company page, appropriate modifications should be used to assimilate the 

runoff entity. For example, since ABC has been in runoff for 3 years, the three most recent Schedule P years should 

be excluded from the A&A page in determining the selected percentage. If one were to believe that their own 

establishment of  settlement reserves is done in a manner inconsistent with the Industry, additional steps would need 

to be taken. 

As there is most likely great inconsistency among definitions of ULAE by company (even after the NAIC 

codification of 1/1/1998), one should be particularly cautious in using this methodology, and should certainly use 

this method in conjunction with other methods. 

B. Duration for Economic Value of Company 

It is sometimes necessary to derive the company's duration for economic value for many useful functions including 

Industry reporting requirements to A.M.Best or many financial management reports. While ongoing operations may 

be able to determine this figure by simply applying a selected payout or Industry payout pattern to arrive at future 

payment streams, runoff entities, and especially Workers Compensation runoff entities, will need to be more careful. 

As seen in both the Industry payouts and ABC calendar year payments, Workers Compensation shows a pattern of 

heavy payment in the first couple of years, followed by a steadier stream of payments going forward. One can look 

at this as really consisting of  two patterns: an initial payout pattern whereby the surgeries and expensive 

hospitalizations occur, and a secondary payout pattern whereby claimants receive consistent payouts for mostly 

rehabilitation and therapy costs. 
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As a result, a counter-intuitive observation of duration actually INCREASING for early years can be seen in the data. 

An example will show how this could occur. Suppose that a payout pattern followed a "bimodal hump" pattern 

whereby 96% is paid in the first year, followed by four successive years of 1% payment in each. Since duration is 

essentially a modified weighted average of payments, yon would expect that the duration just before the first year 

would be close to 1.0, whereas after the first year, you would expect the value to lie between 2.0 and 3.0 (or between 

the second and third payment). If the calculation is done blindly for a runoff entity (for instance by using the 

Industry pattern starting at year one), we could arrive at a duration, w~hich would not be realistic for a runoff entity. 

One could consider: (1) using an average accident date for your book of business and applying the duration for this 

accident year only, and (2) calculating the duration for all accident years and then determining a weighted average 

using the total reserve amounts for each accident year. ABC, however, has now established a claims specific 

payment model. For likely to settle claims (a shrinking segment of the remaining claims), an assumption can be 

made as to future payouts. This can be as simple as assuming a uniform payout assumption over a given number of 

years. For the unlikely to settle claims, it would be a less judgmental exercise to simply divide all future payments 

into calendar year projections (under any o ra l l  escalation/recovery scenarios) and use these payment figures to 

determine not only an appropriate duration figure, but also any discount factors, which may be requested. Using the 

claims specific model would not only ~erve to provide more accurate and stable conclusions but also lead to more 

justifiable and defendable assumptions. 

V. CONCLUSIONS 

Traditional reserving methodologies, like all other actuarial methodologies, use historical data where available, 

supplemented with judgmental decisions. For a runoff situation, additional difficulty lies when remaining claimants 

and development patterns may be drastically different than those seen in historical data. Such items may lead one to 

consider setting IBNR using non-traditional reserving methods. 

This paper has introduced some practical approaches for estimating reserves, for an operation, which has recently 

been subject to beth internal and external changes. The reserving model introduced shows how a nmoff entity has 

handled distortions, which could be significant when applying traditional methods to a dwindling book of 

outstanding claims. While the methods shown are not panaceas for all problems and situations associated with 

runoff reserving certainties and uncertainties, these methods, in conjunction with the traditional methods and 

actuarial judgment, can be used for the purposes of many business requirements and scopes of assignment. 

Although a Florida Workers Compensation runoff situation has been used as the base model, many of the methods 

and assumptions used, especially in regard to items such as inuring reinsurance arrangements, can be applied to any 

operation. A runoffexample is not unique when one thinks of an ongoing situation as consisting of two segments - 
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(I) the more recent years of  less mature data, and (2) older groups of data, which can be considered similar to a 

runoff entity. Obvious adjustments will need to be made if  one assumes that claimants perceive ongoing enterprises 

as having "deep pockets" and thus pursue claims less aggressively with nmoff  companies. 

Methods shown at the very least can be viewed as reasonability "tests" for a company's traditional reserving 

methodologies. If an actuary would need to explain results to management or outside agencies, new methods can be 

used to supplement traditional methods. From an internal perspective, management may look to see how varying 

scenarios would impact their own bottom line financial figures. 

The intent of the paper was to not only take the readers through this particular situational example, but rather to 

encourage the thought process as to what items may need to be considered for an entity's own case. In particular, 

Workers Compensation carriers may be subject to substantially different State laws and regulations; additionally, 

case-reserving philosophies among different companies' claims departments can be significantly different. It is the 

author's hope that the items discussed within can be readily adaptable to whatever situations may happen to arise in 

day-to-day operations. 

Most importantly, no reserving method should ever be used in complete isolation from all others. Integration among 

other methodologies, systems depamnents, and claims operations is critical for the development of  appropriate 

reserves for management. Considerable judgment will need to be employed in using non-traditional methods, but 

scenario testing of assumptious is a reasonable way to gain a comfort level for variation of  ultimate reserve level. It 

is the ongoing thought process of applying different methods to each individual scenario, which will be instnunental 

in providing reasonable and justifiable conclusions given less than typical situations. 
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APPENDIX 

This Appendix documents the assumptions and methods underlying the abstract. 

Background on 1994 Florida Tort Reforms and Special Disability Trust Fund- APPENDIX A 

Calculation of Final IBNP. Amount- APPENDIX B 

Backup to Workers Compensation Claims Development Model - APPENDIX C 

Calculation of Subrogation Recovery - APPENDIX D 

Calculation of New/Reopened Claims Provision - APPENDIX E 

Calculation of IBNP. Amounts Exceeding Reinsurance Limits - APPENDIX F 

San-ole ULAE Calculations - APPENDIX G 

Duration of ABC Insurance Company - APPENDIX H 
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Background on 1994 Florida Tort Reforms and 
Special Disability Trust F u n d -  

Appendix A 
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1. Key Changes to Florida Tort Reforms - 1/1/1994 

Background - While the State of  Florida enacted legislation effective January 1, 1994 with the intention of 

containing future Workers Compensation costs; the overall implementation has proven to have quite the opposite 

effect from what was originally intended. This Appendix will give some background on key reforms, and try to show 

why costs have risen not only for losses, but also for loss adjustment expense, and internal claims operations. 

Workers Compensation benefits are determined by statute, and therefore, in theory should be a no-fault type of 

coverage. As will be seen, the Tort Reforms of 1994 gave ample opportunity to aggressively pursue (driving up 

ALAE costs) both better benefit reclassifications as well as more lucrative settlement opportunities (which drove up 

costs). 

Changes in Benefits by Category - Beginning with the 1994 Reforms, Temporary Total (TT) benefits were reduced 

from a maximum duration of 260 months or the classification of Maximum Medical Improvement (MMI) to 104 

weeks, regardless of whether or not MMI was declared by a physician. After the 104 weeks expired on 1/1/1996 to 

extend benefits, many filings took place to push for more reclassifications into Permanent Total categories. Reduced 

benefits after 104 weeks were subsequently awarded. 

Beginning in 1994, Permanent Partial (PP) benefits had the lost time payments reduced from 66 2/3% of the 

Average Weekly Wage (AWW) to 33 1/3% of the AWW. 

An attempt was made to restrict those claimants who were eligible for Permanent Total (PT) benefits, providing a 

list of  eligible injury classifications as well as admittance if a claimant was already accepted for Social Security 

Disability benefits (SSDI). 

Since the reforms, judges have begun to allow mor e liberal interpretations of PT eligibility with many precedents 

being set statewide. In many cases, judges allowed for a "temporary" allowance of  Permanent Total benefits 

pending future observation. This becomes a difficult item to overturn as time goes on. Additionally, Social Security 

potential for acceptance, instead of actual acceptance has become the norm for reclassification rather than the 

exception. 

As a result, the statistics in the state of Florida show a greater frequency of PT claims, and higher severity for its TT 

and PP claims. It has been theorized tlgat originally classified TT and PP claimants may more aggressively pursue 

expensive treatments early on (driving up costs) in the hopes that they can be better positioned for PT classification 

in the future (driving up frequency). Florida PT claims also show a lower severity than the Industry, in part because 

many of these claimants would not be as seriously injured as PT claimants in other states (injury impairment would 

be considered TT or PP in other states, which would have lower severities). The costs of reclassification have 
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contributed to Florida having an ALAE percentage of loss, which is significantly higher than the Countrywide 

average. 

Alternative Dispute Resolution - An Office of Employee Assistance (OEA) was established to attempt to cut down 

on the time and costs of attorney involvement. In actnality, time and attorney costs actually ended up increasine. 

With many petitions being ftled with the OEA, the system was not able to function without large operational costs, 

wh/ch sometimes resulted in retribution to attorneys for the costs of submitting the petitions. 

Allowance of Medical Settlements - Prior to 1994, entities were allowed to settle indemnity (lost wages) portions of 

a claim, but not medical loss or loss adjustment expense. Beginning 1/1/1994, companies were allowed to settle the 

entire Workers Compensation clain~ or any portion thereof (medical or lost wage). The allowance of additional 

settlements may have contributed to additional ALAE costs in the state of Florida. 

2. Special Disabilitv Trust Fund (SDTI~ 

The Special Disability Trust Fund (SDTF) reimburses the employer when an employee suffers an injury, directly or 

indirectly, as a result of  a previous disability. If an employee with a pre-existing injured back was forced to take a 

job as a salesperson instead of a manual laborer, a subsequent injury in a car accident may make the en~loyee 

eligible for SDTF recoveries. SDTF recoveries inure to the benefit of  all additional reinsurance coverage. 

The Florida SDTF operates on a pay-as-you-go basis whereby each Florida Workers Compensation writer 

contributes a percentage of  current premium writings (4.5% currently). 

Beginning in 1994, the State of Florida made a handful of revisions to the roles of SDTF benefit. Whereas accidents 

occurring prior to 1/1/1994 would receive full benefit of  SDTF recovery, those accidents taking place following 

I/1/1994 would only receive 50% of the eligible benefit recovery. Accidents taking place beginning 1/1/1998 are 

unable to receive any benefit from the SDTF. Also beginning in 1994, injuries must meet a verbal threshold of 

eligible injuries, in addition to a monetary deductible threshold orS10,000 per claimant. 

In order to receive benefits, an affidavit must first be tiled stating that the employer knew, in advance, of the ailment 

or previous medical condition. After securing the affidavit, a medical opinion is needed stating that the subsequent 

injury was made worse as a result of  the pre-existing condition. Finally, a proof of claim needs to be submitted to 

the SDTF whereby they will have 90 days to approve or disapprove a claim for recovery. Once a claim is approved, 

it is very rare that a subsequent disapproval will take place. 

The SDTF will pay for paid claims on a first come, first served basis. As additional payments are made on case 

reserves or development on known cases, additional papers (called SDF-2 forms) will need to be filed with the State. 

174 



Currently, the time from notice of claim until recovery from the Fund is received is a little mere than three years as 

recouping assessments lag behind payment of benefits. 
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Calcula t ion  of Final  I B N R  A m o u n t  - 

Append ix  B 
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Fina l  A B C  I B N R  ca lcu la t ion  i n c l u d i n g  A d u s t m e n t s  no t  c o v e r e d  by  C l a i m s  Speci f ic  W o r k e r s  C o m p e n s a t i o n  M o d e l  Appendix B 
Scenario: (Likely to Settle at 100% of Current Reserves with 10% medical escalation years 17-21, 6% escalation thereafter) Exhibit 1 

Segment 

Claims Specific Model IBNR 
Subrogation 
True IBNR Claims/Pipeline 
IBNR/Reopened Claims Adjustment 
Net migration of claims from Likely to 
Settle to Unlikely to Settle (and vice 
versa), etc. 

I B N R  

Addition/(Subt faction) 
$1.59( 

($0.030 
$6.991 

$8.62. ~ 

Adjustment for exceeding of reinsurance $0.66: 
limits or impaired reinsurance 
T O T A L  - All Additional Items $17.841 
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Backup to Workers Compensation Claims Development Model - 

Appendix C 
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ABC INSURANCE C O M P A N Y  Appendix ¢ 

Cla im Specific Loss Reserve Model  wi th  Losses Evaluated as o f  December  31, 2000 Exhibit 1, Page I 

Summary (Maximum Exposure with no medical escalation) 

aosed Claims 
Resolved Claims 
Coverage B/coverage issues 
Special Dhability accepted claims 

Likely to Settle 
Unlikely to Settle 

Total special disability accepted claims 
Maximum reinsurer reserve claims 

Likely to Settle 
Unlikely to Settle 

Total maximum reinsurer reserve claims 

Likely to Settle 
PT 
Not at MMI 
Medical Maintenance 
PT Pending 
Other 

Total Likely to Settle 

Unlikely to Settle 
PT 
Not at MMI 
Medical Maintenance 
PT Pending 
Other 

Total Unlikely to Settle 

Grand Total 

I ~ , hx inm  Exposure (A) I 
# Gains  Direct SDF-Reqstd SDF-en Res Ceded Net 

26 0 597,525 0 (98 ,635 )  (498,890) 
1,429 8,081,983 43,385,627 0 0,354,927) 01,948,717) 

16 702,191 0 0 4 4 9 , 3 6 7  252,824 

99 62,080,400 4,490,180 38,964,140 11,692,622 6,933,458 
97 39,353,217 6,650,415 27~722,435 4 ,026,957 953,410 

196 101,433,617 11,140,595 66,686,575 15,719,579 7,886,868 

39 47,668,159 0 0 29,512,506 18,155,653 
63 54~713,811 0 0 37,866,350 16,847,461 

102 102,381,970 0 0 67,378,856 35,003,114 

76 68,821,993 0 0 39,084,031 29,737,962 
100 23,600,739 0 0 10,672,883 12,927,856 
96 8,630,703 0 0 2 6 6 , 6 2 4  8,364,079 
33 14,468,232 0 0 6,624,531 7,843,701 

385 92,228,143 0 0 40,157,993 52,070,150 
690 207,749,810 0 0 96,806,062 110,943,748 

45 22,137,855 0 
33 3,675,759 0 

159 10,299,084 0 
5 1,512,003 0 

149 11,078,570 0 

0 7,906,520 14,231,335 
0 5 6 3 , 0 4 8  3,112,711 
0 144 ,499  10,154,585 
0 4 9 9 , 3 7 2  1,012,631 
0 2,085,450 8,993,120 

391 48,703,271 0 0 11,198,889 37,504,382 

Likely to settle 
Unlikely to settle 
Grand total (exel elosed/cov B/resolved) 

828 317,498,369 4,490,180 38,964,140 138,011,190 136,032,859 
551 142,770,299 6,650,415 27,722,435 53,092,196 55,305,253 

1,379 460,268,668 11,140,595 66,686,575 191,103,386 191,338,112 



ABC I N S U R A N C E  C O M P A N Y  Appendix C 

Claim Specific Loss Reserve Model  with Losses  Evaluated as of  December  31,  2000 Exhibit 1, Pnge Z 

Summary (Maximum Exposure with no medical escalation) 

As Reported (B) [ 
# Claims Direct SDF Ceded Net 

Closed Claims 26 13,876 
Resolved Claims 1,429 18,111,596 
Coverage B/coverage issues 16 702,191 
Speelal Disability accepted claims 

Likely to Settle 99 13,484,539 
Unlikely to Settle 97 15,060~904 

Total special disability accepted claims 196 28,545,443 
Maximum reinsurer reserve claims 

Likely to Settle 39 11,053,502 
Unlikely to Settle 63 20,833,189 

Total maximum reinsurer reserve claims 102 31,886,691 

Likely to Settle 
PT 76 12,706,345 
Not st MMI 100 4,024,591 
Medical Maintenance 96 3,559,253 
PT Pending 33 3,124,530 
Other 385 16,781,741 

Total Likely to Settle 690 40,196,460 

Unlikely to Settle 
PT 45 8,621,601 
Not at MMI 33 996,314 
Medical Maintenance 159 5,755,231 
PT Pending 5 324,745 
Other 149 5,584,773 

Total Unlikely to Settle 391 21,282,664 

Grand Total 2,85ffiffiffiffiffi...~00 140,738,921 

0 10,091 3,785 
0 5,297,462 12,814,134 
0 449,367 252,824 

0 5,674,656 7,809,883 
0 4,903,268 10,157,636 
0 10,577,924 17,967,519 

0 5,217,631 5,835,871 
0 13,729,879 7~103~310 
0 18,947,510 12,939,181 

0 3,653,508 9,052,837 
0 1,209,992 2,814,599 
0 0 3,559,253 
0 739,757 2,384,773 
0 5~295,060 11~486,681 
0 10,898,317 29,290,143 

0 1,590,017 7,031,584 
0 169,936 826,378 
0 2,792 5,752,439 
0 10,835 313,910 
0 985,170 4,599,603 
0 2,758,750 18,523,914 

0 48,939,421 91,799,500 

Likely to settle 828 64,734,501 
Unlikely to settle 551 57,176~757 
Grand total (excl closed/coy B/resolved) 1~379 121,911~258 

0 21,790,604 42,943,897 
0 21,391,897 35,784,860 
0 43,182~501 78,728,757 

i Difference = (A)-(B) 
Direct SDF Ceded Net 

(13,876) 597,525 (108,726) (502,675) 
(10,029,613) 43,385,627 (8,652,389) (44,762,851) 

0 0 0 0 

48,595,861 43,454,320 6,017,966 (876,425) 
24,292,313 34,372,850 (876,311) (9,204,226) 
72,088,174 77,827,170 5,141,655 (10,080,651) 

36,614,657 0 24,294,875 12,319,782 
33,880,622 0 24,136,471 9,744,151 
70,495,279 0 48,431,346 22,063,933 

56,115,648 0 35,430,523 20,685,125 
19,576,148 0 9,462,891 10,113,257 
5,071,450 0 266,624 4,804,826 

11,343,702 0 5,884,774 5,458,928 
75,446,402 0 34,862,933 40,583,469 

167,553,350 0 85,907,745 81,645,605 

13,516,254 0 6,316,503 7,199,751 
2,679,445 0 393,112 2,206,333 
4,543,853 0 141 ,707  4,402,146 
1,187,250 0 488,537 698,721 
5,493,797 0 1~100,280 4,393,517 

27,420,607 0 8,440,139 18,980,468 

328,313,921 121,810,322 139,159,770 67p343,829 

252,763,868 43,454,320 116,220,586 93,080,962 
85~593,542 34,372~850 31,700,299 19,520,393 

338r357~410 77~827,170 147,920,885 112,609,355 



ABC I N S U R A N C E  C O M P A N Y  Appendix C 
Claim Specific Loss  Reserve  Model  with Losses  Evaluated as of  D e c e m b e r  31,  2000 Exhibit 2, Page I 

Summary (Likely to Settle at 80*/0 of Current Reserves with no medical escalation) 

Closed Claims 
Resolved Claims 
Coverage B/coverage issues 
Special Disability accepted claims 

Likely to Settle 
Untikely to Settle 

Total special disability accepted ¢inims 
Maximum reinsurer reserve claims 

Likely to Settle 
Unlikely to Settle 

Total maximum reinsurer reserve claims 

Likely to Settle 
PT 
Not at MMI 
Medical Maintenance 
PT Pending 
Other 

Total Likely to Settle 

Unlikely to Settle 
PT 
Not at MMI 
Medical Maintenance 
PT Pending 
Other 

Total Unlikely to Settle 

Grand Total 

Likely Exposure ~ g 0 %  of Current Reserves (A) f 
# Claims [ Direct 

26 
1.429 

16 

SDF-Reqstd SDF-on Res Ceded Net 
0 597,525 0 (98,635) (498,890) 

8.081,983 43,385.627 0 (3,354,927) (31.948.717) 
702.191 0 0 449,367 252,824 

99 10,446,757 4,490,180 6,590,868 579,958 (1,214,249) 
97 39~353,217 6,650,415 27fl22~435 4~026~9~7 953r410 

196 49.799.974 11.140.595 34,313.303 4.606.915 (260.839) 

39 8,842,802 0 0 3,748,859 5,093,943 
63 54~713~11 0 0 37.866.350 16,847~461 

102 63,556,613 0 0 41,615,209 21,941,404 

76 10,165,076 0 0 2,922,807 7,242,269 
100 3,219,673 0 0 967,993 2,251,680 
96 2.847.402 0 0 0 2.847.402 
33 2,499,624 0 0 591,806 1,907,818 

385 13.425r393 0 0 4r236~048 9~189,345 
690 32.157.168 0 0 8.718.654 23.438.514 

45 22,137,855 0 
33 3,675,759 0 

159 10,299,084 0 
5 1,512,003 0 

149 11,078,570 0 

0 7.906.520 14.231,335 
0 563.048 3.112.711 
0 144.499 10.154~85 
0 499,372 1.012.631 
0 2.085.450 8.993~120 

391 48.703,271 0 0 11.198.889 37,504,382 

2~850 203.001,200 55.1237747 34r313r303 63~135.472 50.428~678 

Likely to settle 828 
Unlikely to settle 551 
Grand total (excl closed/coy B/resolved) 1r379 

51,446,727 4,490,180 6.~90,868 13,047,471 27,318,208 
142,770~99 6,6.50,41S 27,722~435 $3~092,196 55,305,253 
194~,17,026 11,140,595 34,313,303 66,139~667 S2~623,461 



ABC I N S U R A N C E  C O M P A N Y  Appendix C 

Claim Specific Loss Reserve Model  with Losses  Evaluated as of  December  31, 2000 Exhibit 2, Page 2 

t'O 

Summary (Likely to Settle at 80% of Current Reserves with no medical escalation) 

] As Reported (B) ] ] Difference = (A)-(B) 
# Claims Direct SDF Ceded Net Direct SDF Ceded Net 

Closed Claims 26 13,876 
Resolved Claims 1,429 18,111,596 
Coverage B/coverage issues 16 702,191 
Special Disability accepted claims 

Likely to Settle 99 13,484,539 
Unlikely to Settle 97 15,060,904 

Total special disability accel~ted claims ! 96 28,545,443 
Maximum reinsurer reserve claims 

Likely to Settle 39 11,053,502 
Unlikely to Settle 63 20,833~189 

Total maximum reinsurer reserve claims 102 31,886,691 

Likely to Settle 
PT 76 12,706,345 
Not at MMI 100 4,024,591 
Medical Maintenance 96 3,559,253 
PT Pending 33 3,124,530 
Other 385 16,781,741 

Total Likely to Settle 690 40,196,460 

Unlikely to Settle 
PT 45 8,621,601 
Not at MMI 33 996,314 
Medical Maintenance 159 5,755,231 
PT Pending 5 324,745 
Other 149 5,584,773 

Total Unlikely to Settle 391 21,282,664 

Grand Total 2,850 140,738,921 

0 10,091 3,785 
0 5,297,462 12,814,134 
0 449,367 252,824 

0 5,674,656 7,809,883 
0 4,903,268 10,157,636 
0 10,577,924 17,967,519 

0 5,217,631 5,835,871 
0 13,729,879 7,103,310 
0 18,947,510 12,939,181 

0 3,653,508 9,052,837 
0 1,209,992 2,814,599 
0 0 3,559,253 
0 739,757 2,384,773 
0 5,295,060 11,486,681 
0 10,898,317 29,298,143 

0 1,590,017 7,031,584 
0 169,936 826,378 
0 2,792 5,752,439 
0 10,835 313,910 
0 985,170 4,599,603 
0 2,758,750 18,523,914 

0 48,939,421 91,799,500 

Likely to settle 820 64,734,501 
Unlikely to settle 551 57,176,757 
Grand total (excl closed/coy B/resolved) 1,379 121~911,250 

0 21,790,604 42,943,897 
0 21r391~897 3S~784~860 
0 43,182,501 78,720,757 

(13,876) 597,525 (108,726) (502,675) 
(10,029,613) 43,385,627 (8,652,389) (44,762,851) 

0 0 0 0 

(3,037,702) 11,001,048 (5,094,698) (9,024,132) 
24,292,313 34,372,850 (876,311~ ~9,204,226) 
21,254,531 45,453,890 (5,971,009) (10,220,358) 

(2,210,700) 0 (1,468,772) (741,928) 
33,880,622 0 24~136,471 9~744~151 
31,669,922 0 22,667,699 9,002,223 

(2,541,269) 0 (730,701) (1,810,568) 
(804,918) 0 (241,999) (562,919) 
(711,851) 0 0 (711,851) 
(624,906) 0 (147,951) (476,955) 

(3,356r348) 0 (1,059,012) (2,297,336) 
(8,039,292) 0 (2,179,663) (5,859,629) 

13,516,254 
2,679,445 
4,543,853 
1,187,258 
5~493,797 

27,420,607 

0 6,316,503 7,199,751 
0 393,112 2,206,333 
0 141,707 4,402,146 
0 488,537 698,721 
0 1,100,280 4,393,517 
0 8,440,139 18,900,468 

62,262,279 89,437~050 14,196,051 ~41v370,822 ~ 

(13,207,774) 11,081,048 (8,743,133) (15,625,689) 
85,593,542 34,372,850 31~700,299 19,520,393 
72,305,768 45~453,898 22,957,166 3,894~704 



ABC I N S U R A N C E  C O M P A N Y  Appendix C 
Claim Specific Loss  Reserve Model  with Losses  Evaluated as of  December  31,  2000 Exhibit 3, Page I 

Summary (Likely to Settle at 100% of Current Reserves with no medical escalation) 

Closed Claims 
Resolved Claims 
Coverage B/coverage issues 
Special Disability accepted claims 

Likely to Settle 
Unlikely to Settle 

Total special disability accepted claims 
Maximum reinsurer reserve claims 

Likely to Settle 
Unlikely in Settle 

Total mximum reinsurer reserve claims 

Likely m Settle 
PT 
Not at MMI 
Medical Molntenance 
PT Pending 
Other 

Total Likely to Settle 

Unlikely to Settle 
ivy 
Not at MMI 
Medical Maintenance 
PT Pending 
Other 

Total Unlikely to Settle 

Grand Total 

I Likely Exposure @100% of Current Reserves (A) 
# Claims Direct SDF-Reqstd SDF-on Res Ceded Net 

26 0 S97,52S 0 (98,635) (498,890) 
1,429 8,081,983 43,385,627 0 (3,354,927) (31,948,717) 

16 702,191 0 0 449,367 252,824 

99 13,058,446 4,490,180 8,238,585 1,104,506 (774,825) 
97 , 39r353~217 (b650~41$ 27r722~43S 4,026,957 953~410 

196 52,411,663 11,140,595 35,961,020 5,131,463 178,585 

39 10,988,688 0 0 5,213,543 5,775,145 
63 54fl13r811 0 0 3 7 ~ 3 S 0  16~47r461 

102 65,702,499 0 0 43,079,893 22,622,606 

76 12,706,345 0 0 3,653,508 9,052,837 
100 4,024,591 0 0 1,209,992 2,814,599 
96 3,048,694 0 0 0 3,048,694 
33 3,124,530 0 0 739,757 2,384,773 

385 16~781,741 O 0 $~295,060 11,486,681 
690 39,685,901 0 0 10,898,317 28,787,584 

45 22,137,855 0 
33 3,675,759 0 

159 10,299,084 0 
5 1,512,003 0 

149 11r078,570 0 
391 48,703,271 0 

0 7,906,520 14,231,335 
0 563,048 3,112,711 
0 144,499 10,1S4,SgS 
0 499,372 1,012,631 
0 2~085,4SS 8,993~120 
0 11,198,889 37,504,382 

Likely to settle 828 63,733,035 4,490,180 8,238,585 17,216,366 33,787,904 
Unlikely to settle SSl 142~770~299 6,650t415 27~722f435 $3r092~196 55~305~253 
Grand total (ex¢l closed/coy B/resolved) 1r379 206~03,334 11,140,595 35~961~020 70r308,562 89~093,157 
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ABC INSURANCE C O M P A N Y  

Claim Specific Loss Reserve Model with Losses Evaluated as of December 31, 2000 

Summary (Likely to Settle at 100% of Current Reserves with no medical escalation) 

Closed Claims 26 
Resolved Claims 1,429 
Coverage B/coverage issues 16 
Special Disability accepted claims 

Likely to Settle 99 13,484,539 
Unlikely to Settle 97 15,060,904 

Total special disability accepted claims 196 28,545,443 
Maximum reinsurer reserve claims 

Likely to Settle 39 11,053,502 
Unlikely to Settle 63 20,833,189 

Total maximum reinsurer reserve claims 102 31,886,691 

Likely te Settle 
PT 76 12,706,345 
Not at MMI 100 4,024,591 
Medical Maintenance 96 3,559,253 
PT Pending 33 3,124,530 
Other 385 16,781,741 

Total Likely to Settle 690 40,196,460 

Unlikely to Settle 
PT 45 8,621,601 
Not at MMi 33 996,314 
Medical Maintenance 159 5,755,231 
PT Pending 5 324,745 
Other 149 5,584,773 

Total Unfikely to Settle 391 21,282,664 

Grand Total I[~Y.~ I ~ | l e t g  f :~ lU)J 

As Reported (B) J 
# Claims Direct SDF Ceded Net 

13,876 0 10,091 3,785 
18,111,596 0 5,297,462 12,814,134 

702,191 0 449,367 252,824 

0 5,674,656 7,809,883 
0 4,903~268 10,157,636 
0 10,577,924 17,967,519 

0 5,217,631 5,835,871 
0 13,729,879 7,103,310 
0 18,947,510 12,939,181 

0 3,653,508 9,052,837 
0 1,209,992 2,814,599 
0 0 3,559,253 
0 739,757 2,384,773 
0 5,295,060 11,486~681 
0 10,898,317 29,298,143 

0 1,590,017 7,031,584 
0 169,936 826,378 
0 2,792 5,752,439 
0 10,835 313,910 
0 985~170 4,599,603 
0 2,758,750 18,523,914 

Likely to settle 828 64,734,501 
Unlikely to settle 551 57,176,757 
Grand total (excl closed/coy B/resolved) 1,379 121,911,258 

0 21,790,604 42,943,897 
0 21~391~897 35,784~860 
0 43,182,501 78,728,757 

Appendix C 

Exhibit 3, Page 2 

Difference ffi (A)-(B) J 
Direct SDF Ceded Net 

(13,876) 597,525 (108,726) (502,675) 
(10,029,613) 43,385,627 (8,652,389) (44,762,851) 

0 0 0 0 

(426,093) 12,728,765 (4,570,1S0) (8,584,708) 
24,292,313 34,372,850 (876,311) (9,204,226) 
23,866,220 47,101,615 (5,446,461) (17,788,934) 

(64,814) 0 (4,088) (60,726) 
33,880~622 0 24,136,471 9,744,151 
33,815,808 0 24,132,383 9,683,425 

0 0 0 0 
0 0 0 0 

(510,559) 0 0 (510,559) 
0 0 0 0 
0 0 0 0 

(510,559) 0 0 (510,559) 

13,516,254 
2,679,445 
4,543,853 
1,187,258 
5,493,797 

0 6,316,503 7,199,751 
0 393,112 2,286,333 
0 141,707 4,402,146 
0 488,537 698,721 
0 1,100,280 4,393,517 

27,420,607 0 8,440,139 18,980,468 

74,548,587 91,084,767 18,364,946 (34,901,126) 

(1,001,466) 12,728,765 (4,574,238) (9,155,993) 
85,593,542 34,372,850 31~700,299 19,520,393 
84,592,076 47,101,615 27,126,061 10,364,400 



ABC INSURANCE COMPANY 
Claim Specific Loss Reserve Model with Losses Evaluated as of December 31, 2000 

Summary (Likely to Settle at 100% of Current Reserves with 6% medical escalation beginning year 17) 

Likely Exposure @100%of Current Reserves (A) [ 
# Claims Direct SDF-Reqstd SDF-on Res Ceded Net 

Closed Claims 26 0 597,525 0 (98,635) (498,890) 
Resolved Claims 1,429 8,081,983 43,385,627 0 (3,354,927) (31,948,717) 
Coverage a/coverage issues 16 702,191 0 0 449,367 252,824 
Special Disability accepted claims 

Likely to Settle 99 13,058,446 4,490,180 8,238,585 1,104,506 (774,825) 
Unlikely to Settle 97 46,842,746 6,650,415 34,428,568 4,277,950 1,485,813 

Total special disability accepted claims 196 59,901,192 11,140,595 42,667,153 5,382,456 710,988 
Maximum reinsurer reserve claims 

Likely to Settle 39 10,988,688 0 0 5,213,543 5,775,145 
Unlikely to Settle 63 67,850,440 0 0 48,264,753 19,585,687 

Total maximum reinsurer reserve claims 102 78,839,128 0 0 53,478,296 25,360,832 

Likely to Settle 
PT 76 12,706~45 0 0 3,653,508 9,052,837 
Not at MM! 100 4,024,591 li 0 1,209,992 2,814,599 
Medical Maintenance 96 3,048,694 0 0 0 3,048,694 
PT Pending 33 3,124,530 0 0 739,757 2,384,773 
Other 385 16,781,741 0 0 5,295,060 11,486,681 

Total Likely to Settle 690 39,685,901 li 0 10,898,317 28,787,584 

Unlikely to Settle 
PT 45 26,008,242 O 0 10,561,657 15,446,585 
Not at MMI 33 6,282,042 li O 1,268,292 5,013,750 
Medical Maintenance 159 23,572,808 li 0 1,203,715 22,369,093 
PT Pending 5 2,298,182 0 0 765,008 1,533,174 
Other 149 22,457,876 0 li 4,131,716 18,326,160 

Total Unlikely to Settle 391 80,619,150 li 0 17,930,388 62,688,762 

Grand Total 2,850 267,829,545 55,123,747 42,667,153 84,685~262 85,353,383 

Appendix C 

Exhibit 4, Page I 

Likely to settle 828 63,733,035 4,490,180 8,238,585 17,216,366 33,787,904 
Unlikely to settle 551 195,312,336 6,650,415 34~428~568 70,473,091 83,760,262 
Grand total (excl closed/coy B/resolved) 1~379 259~045,371 11,140,595 42,667,153 87,689,457 117,548,166 



ABC I N S U R A N C E  C O M P A N Y  Appendix C 
Claim Specific Loss Reserve Model  with Losses  Evaluated as of  December  31, 2000 Exhibit 4, Page 2 

O~ 

Summary (Likely to Settle at 100% of Current Reserves with 6% medical escalation beginning year ! 7) 

As Reported (B) ] 
# Claims Direct SDF Ceded Net 

Closed Claims 26 13,876 
Resolved Claims 1,429 18,111,596 
Coverage B/coverage issues 16 702,191 
Special Disability accepted claims 

Likely to Settle 99 13,484,539 
Unlikely to Settle 97 15,060~904 

Total special disability accepted claims 196 28,545,443 
Maximum reinsurer reserve claims 

Likely to Settle 39 11,053,502 
Unlikely to Settle 63 20,833~189 

Total maximum reinsurer reserve claims 102 31,886,691 

Likely to Settle 
PT 76 12,706,345 
Not at MMi 100 4,024,591 
Medical Maintenance 96 3,559,253 
PT Pending 33 3,124,530 
Other 385 16,781,741 

Total Likely to Settle 690 40,196,460 

Unlikely to Settle 
PT 45 8,621,601 
Not at MMI 33 996,314 
Medical Maintenance 159 5,755,231 
PT Pending 5 324,745 
Other 149 5,584,773 

Total Unlikely to Settle 391 

Grand Total 2,850 140,738,921 

0 10,091 3,785 
0 5,297,462 12,814,134 
0 449,367 252,824 

0 5,674,656 7,809,883 
0 4,903~268 10~157,636 
0 10,577,924 17,967,519 

0 5,217,631 5,835,871 
0 13,729,879 7,103,310 
0 18,947,510 12,939,181 

0 3,653,508 9,052,837 
0 1,209,992 2,814,599 
0 0 3,559,253 
0 739,757 2,384,773 
0 5,295~060 11~486,681 
0 10,898,317 29,298,143 

0 1,590,017 7,031,584 
0 169,936 826,378 
0 2,792 5,752,439 
0 10,835 313,910 
0 985,170 4,599,603 

21,282,664 0 2,758,750 18,523,914 

0 48~939,421 91,799,500 

Difference ffi (A)-(B) [ 
Direct SDF Ceded Net 

(13,876) 597,525 (108,726) (502,675) 
(10,029,613) 43,385,627 (8,652,389) (44,762,851) 

0 0 0 0 

(426,093) 12,728,765 (4,570,150) (8,584,708) 
31,781,842 41,078,983 (625,318~ (8,671,823) 
31,355,749 53,807,748 (5,195,468) (17,256,531) 

(64,814) 0 (4,088) (60,726) 
47~017~251 0 34,534,874 12,482,377 
46,952,437 0 34,530,786 12,421,651 

0 0 0 0 
0 0 0 0 

(510,559) 0 0 (510,559) 
0 0 0 0 
0 0 0 0 

(510,559) 0 0 (510,559) 

17,386,641 0 8,971,640 8,415,001 
5,285,728 0 1,098,356 4,187,372 

17,817,577 0 1,200,923 16,616,654 
1,973,437 0 754,173 1,219,264 

16~873~103 0 3~146,546 13~726,557 
59,336,486 0 15,171,638 44,164,848 

Likely to settle 828 64,734,501 
Unlikely to settle 551 57~176,757 
Grand total (excl closed/coy B/resolved) ~ffiffiffi~l,379 121,911~258 

0 21,790,604 42,943,897 
0 21r391~897 35,7847860 
0 43,182,501 78,728,757 

(1,001,466) 12,728,765 (4,574,238) (9,155,993) 
138,135,579 41~078,983 49,081;,194 47~975~402 
1377134~,113 53,807~748 44r506~956 38,819~409 



ABC I N S U R A N C E  C O M P A N Y  Appendix C 
Claim Specific Loss  Reserve  Model  with Losses  Evaluated  as of  December  31, 2000 Exhibit 5, Page i 

Summary (Likely to Settle at 100% of Current Reserves with 10% medical escalation years 17-21, 6% thereafter) 

Closed Claims 
Resolved Claims 
Coverage B/coverage issues 
Special Disability accepted claims 

Likely to Settle 
Unlikely to Settle 

Total special disability accepted claims 
Maximum reinsurer reserve claims 

Likely to Settle 
Unlikely to Settle 

Total maximum reinsurer reserve claims 

Likely to Settle 
PT 
Not st  MMI 
Medical Maintenance 
PT Pending 
Other 

Total Likely to Settle 

Unlikely to Settle 
PT 
Not at MMI 
Medical Maintenance 
PT Pending 
Other 

Total Unlikely to Settle 

Grand Total 

Likely Exposure ~100% of Current Reserves (A) [ I 
# Claims ~ Direct SDF-Reqetd SDF-on Res Ceded Net 

26 0 597,525 0 (98,635) (498,090) 
1,429 8,081,983 43,305,627 0 (3,354,927) (31,948,717) 

16 702,191 0 0 449,367 252,824 

99 13,058,446 4,490,180 8,238,585 1,104,506 (774,825) 
97 49,357~873 6,650,415 36,627~494 4,411~618 1,668,346 

196 62,416,319 11,140,595 44,866,079 5,516,124 093,521 

39 10,988,688 0 0 5,213,543 5,775,145 
63 71,720,199 0 0 51,443,867 20,276,332 

102 02,708,887 0 0 56,657,410 26,051,477 

76 12,706,345 0 
100 4,024,591 0 
96 3,048,694 0 
33 3,124,530 0 

385 16,781,741 0 
690 39,685,901 0 

0 3,653,500 9,052,837 
0 1,209,992 2,814,599 
0 0 3,048,694 
0 739,757 2,384,773 
0 5,295,060 11,486~681 
0 10,898,317 28,787,584 

45 27,390,591 0 0 11,609,845 15,780,746 
33 7,132,126 0 0 1,549,889 5,502,237 

159 27,725,015 0 0 2,173,000 25,552,015 
5 2,612,261 0 0 986,451 1,625,810 

149 26,438,302 0 0 5,127,068 21,311~234 
391 91,298,295 0 0 21,446,253 69,852,042 

Likely to settle • 828 63,733,035 4,490,180 8,238,585 17,216,366 33,787,904 
Unlikely to settle 551 212,376,367 6,650,415 36,627,494 77,301,738 91,796,720 
Grand total (excl closed/cov B/resolved) 1,379 276,109~402 11~140~595 44~866~079 94,518,104 125,584,624 



ABC I N S U R A N C E  C O M P A N Y  Appendix C 

Claim Specific Loss Reserve Model  with Losses  Evaluated as of  December  31, 2000 Exhibit 5, Page 2 

O0 

Summary (Likely to Settle at 100% of Current Reserves with 10% medical escalation years 17-21, 6% thereafter) 

As Reported (B) J 
# Claims Direct SDF Ceded Net 

Closed Claims 26 13,876 
Resolved Claims 1,429 18,111,596 
Coverage B/coverage issues 16 702,191 
Special Disability accepted claims 

Likely to Settle 99 13,484,539 
Unlikely to Settle 97 15,060,904 

Total special disability accepted claims 196 28,545,443 
Maximum reinsurer reserve claims 

Likely to Settle 39 11,053,502 
Unlikely to Settle 63 20,833,189 

Total maximum reinsurer reserve claims 102 31,886,691 

Likely to Settle 
PT 76 12,706,345 
Not at MMI 100 4,024,591 
Medical Maintenance 96 3,559,253 
PT Pending 33 3,124,530 
Other 385 16,781~741 

Total Likely to Settle 690 40,196,460 

Unlikely to Settle 
PT 45 8,621,601 
Not at MM1 33 996,314 
Medical Maintenance 159 5,755,231 
PT Pending 5 324,745 
Other 149 5~584,773 

Total Unlikely to Settle 391 21,282,664 

Grand Total 2~850 140~738,921 

0 10,091 3,785 
0 5,297,462 12,814,134 
0 449,367 252,024 

0 5,674,656 7,809,083 
0 4,903,268 10,157,636 
0 10,577,924 17,967,519 

0 5,217,631 5,835,871 
0 13,729,879 7,103,310 
0 18,947,510 12,939,181 

0 3,653,508 9,052,837 
0 1,209,992 2,814,599 
0 0 3,559,253 
0 739,757 2,384,773 
0 5~295~060 11,486,681 
0 10,898,317 29,298,143 

0 1,590,017 7,031,584 
0 169,936 026,378 
0 2,792 5,752,439 
0 10,835 313,910 
0 985r170 4,599~603 
0 2,758,750 10,523,914 

Likely to settle 820 64,734,501 
Unlikely to settle 551 57~176,757 
Grand total (excl closed/coy B/resolved) 1~379 121,911,258 

0 21,790,604 42,943,897 
0 21,391,897 35,784~860 
0 43~182r501 70~728~757 

Difference = (A)-(B) J 
Direct SDF Ceded Net 

(13,876) 597,525 (100,726) (502,675) 
(10,029,613) 43,385,627 (8,652,389) (44,762,051) 

0 0 0 0 

(426,093) 12,728,765 (4,570,150) (8,584,708) 
34,296,969 43,277,909 (491,650~ (8~489~290) 
33,870,876 56,006,674 (5,061,800) (17,073,998) 

(64,814) 0 (4,088) (60,726) 
50,807,010 0 37,713,908 13,173,822 
50,822,196 0 37,709,900 13,112,296 

0 0 0 0 
0 0 0 0 

(510,559) 0 0 (510,559) 
0 0 0 0 
0 0 0 0 

(510,559) 0 0 (510,559) 

18,768,990 0 10,019,820 8,749,162 
6,135,012 0 1,379,953 4,755,859 

21,969,784 0 2,170,208 19,799,576 
2,287,516 0 975,616 1,311,900 

20,853r529 0 4,141,890 16,7119631 
70,015,631 0 18,687,503 51,320,128 

144,154,655 99~909,826 42,574~488 lr590,341 

(1,001,466) 12,728,765 (4,574,238) (9,155,993) 
155,199,610 43,277~909 55~09,841 56~011,860 
154,198~144 56~006~674 51~335~603 46,855,067 



A B C  I N S U R A N C E  C O M P A N Y  

Loss Reserve Model a t  December  31, 2000 
Exsmpl~ 
Lilu~y to Settle at 100% of Current Reserve* with 10% medical escalation years 17-21, 6% thereafter 

Category 
Fund 
FY 
Claim # 
Acxidem Month/Year 

As Reported: 
Medical Paid 
Indemnity PaM 
I~gel/otber paid 
Medical Raerve 
Indemnity Reserve 
Legel/otber reserve 
Total Incurred reported 
Reteotlon-I 
Llndt 
Pereeat Q~ 
Relent hln-2 
Limit 
Percem QS 
Ceded paid reported 
Ceded Incurred reported 

Total reserve t~.oparted 
Ceded r~erve repor~d 
Net reserve reported 

M a x i m a  cap.Jure: 

Life expectancy 
1 Remaining Months 
2 Average monthly ~ 1  pmnts 
3 Average monthly Indemnity pmnts 
4 Average monthly expense pmnts 
5 Last 4 y n  •vg monthly medical pants 
6 Last 4 yrs •vg menthly expense pmnts 

Selected annual medical average up to 8 yrs 
Sxiected annual medical average after 8 yrs 
Direct medical re~.rve override 
Maximum w, edlcal rraerve 

8-1-3 Maximum Indemnity reserve 
9.-1"6 M a x i m a  expense re~rve-capged at 2 • Incurr~l 
10 Total m x i m u m  re,rye 

11 SDTF % 
12"7"~* I ] SDTF recoverable on reserves 
13 SDTF requests O/S on pold 
14-12+13 Total SDTF receverable 

15..10-14 Gro~ r~ervel before rxi~urance 
16 Ceded r ~ s ~  
17'=15"16 Net mx imum exposure 

Difference maximum over (under) reported 

Likely expa~nre: 
Reserve as • % of reported if likely to settle 
Medical reserve 
Indemnity reserve 
Legel/other reserve 
Total re~eryu 

SDTF recoverable on t-*,~.rv~ 
SDTF requestl O/S on paid 
Total SDTF I'ecoverable 

Gloss re~rv~ before reinsurance 
Ceded reserves 
Net likely eapo~nre 

Difference likely over (under) reporltd 

Alppm~x C 

ExlMblt 6. PII~ I 

fct.PT m|liltdy Io ~t-PT uUkely go ~-m0t MMI ~lb-No( MMI N~N0¢ M ~  ~-mo( MM[ f~[~J Mtl~ 
m i n e  u n k * t y t e ~ e  e a a ~ m ~  mmx~qtome~ u m m y t e ~  e lUk~W~le  

2a-PT 2a-PT 3it-Not MMI 3a-Not ~ 3t-Not MMI 3a-Not MMI 2e-MMM 

83 89 93 96 92 
1 2 3 4 5 6 7 

Oot-82 Sap-96 Jan-82 Sap-89 Jnl-93 Mar-97 Jnl-92 

137,493 127,4~ 29,176 0 180,023 
69,.q)5 49,189 4,758 0 47,774 
18,733 8,2~1 II1 9,1~9 19,688 
30,007 100,0~; 4,324 10,000 48,977 

0 0 2,000 10,0~0 0 
5,267 3,749 3~89 10,841 6,312 

261,005 388,689 ~A,2~8 40,000 302,774 
10,000,~0 7M,O00 500,000 0 ~ 0 , ~ 0  
10,000,000 4 , 7 5 0 , 0 0 0  1 , 0 O O , 0 ~  1 ,000 ,000  1,000,000 

100J~% 100.~% 50,00% 7~.~0% ~0.00% 
10,0~0,000 0 1,$00,0~ I,~0,000 1,$00,000 
10,0~0,000 0 9,000,0~ 10,000,900 9,000,~0 

100.130% 0.0~% 1 0 0 . 0 0 %  1 0 0 . 0 0 %  180.00% 
0 0 0 ~ O 
0 0 0 30,000 0 

3Y~275 103,804 10,213 30,1141 ~,289 
0 0 0 23~131 0 

35,275 103,804 10,213 7,710 f~289 

69 61 41 41 40 
83 80 82 76 76 

165 229 489 419 429 
606 917 310 0 1,698 
306 354 51 0 451 

is6 83 $9 1 183 
1,685 685 8 0 1,069 

306 24 0 191 149 
7,268 11,002 3,725 0 20,3110 
3,003 3,003 3,725 0 $,066 

O O O 0 300,000 
70,246 97,332 478,162 0 300,0~ 
40,417 64,$48 19,803 0 0 
48r000 SvSI$ 8 4 0 ~ 0  0 

158,663 167,395 497,965 40,000 300,0~ 

o~ o~ o~ o%0 O%o 
0 0 0 0 0 

1 ~663  167,395 497,965 40,000 300,000 
O O 151953 30~00 14~19 

158,663 167,395 482,012 10,000 285,$1 I 

1 2 3 ~  63,591 471,799 2,290 230,222 

100% 100% 100% 100% 100% 
70,246 97,332 478,162 O 300,~0 
40,417 64,$48 19,803 8 0 
481000 $r515 0 4 0 ~ 0  0 

158,663 167,395 497,965 40,000 300,000 

0 0 0 O 0 
0 0 0 0 0 
0 0 0 0 0 

158,663 167~95 497,965 40,000 300~00 
0 0 15~953 30t000 14~9 

158,663 167~395 482,012 | 0,000 285,511 

123,388 63.591 471,799 2,290 230.222 

49,492 12,306 
217,958 37,976 

6:356 21,498 
S0,S08 33,194 
86,042 84,024 
6,644 12,502 

417,000 200,500 
10,000,0~ 0 
I O,000,000 1,000,0E~ 

100.00% 75.00% 
1O,000,000 1,000,0¢~ 
I O.0~,0f~ 10,000,0~ 

100.00% 100.00% 
O 53~135 
0 1~0,375 

143,194 128,720 
o 96r~Jo 

143,194 32,180 

75 52 
88 78 

153 308 
222 224 
977 690 
29 391 
53 153 
15 433 

2,663 2,685 
2,663 2,485 

0 O 
.q6,318 103,247 

149,541 212,665 
2r231 6 8 ~ 0  

208,290 383,912 

0% 0% 
0 
0 0 

208,290 383,912 
0 2871934 

208,290 95,973 

65,096 63,798 

1(~% 100% 
56~18 103,247 

149,541 212,665 
2r231 68~000 

208,290 383,912 

0 0 
0 0 
0 0 

208,290 383,912 
0 287,934 

208,290 95,978 

65,096 63.798 
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ABC INSURANCE COMPANY 
LOss Reserve Model at  December 31, 2000 
Zx .mp~ 
Ukdy to Settle st 100% of Cltrreltt Reserves with 10% mescal malaflon yean117-21, 6% lheret fter 

Category 
Fund 
FY 
Chdm0 
Aodd~t Mot([I/Y(xlr 

As Reported: 
Medlc~l PaM 
htdel~ty  PsM 
Lepl/mbe~ I~M 
Medlul Rmm've 
lldemldty Reserve 
Lepl/ef~er rme*we 
Total Iil~urred reported 
Reeea~em-I 
Limit 
Pemeut QS 
~ 2  
Limit 
Perc~t qS  
C e ~  p~kl repom~ 
Ceded I m m x i  nq~'ted 

To~l  rmrve report~ 
Ceded re~ r~  relpor~ 
I~ee r u e ~  ~,~rtod 

I~xJ~um e x p e ~ :  

LJ~e e x p e ~ - 7  
I Remaining Mon~J 
2 Ave~lff monthly medJcel p rm~ 
3 Ave~le momb~ I~Jemu~ pmmlJ 
4 Ave~88e mosfldy ~ pmats 
5 I,a~ 4 yrs O~T monthly medk~ pmnts 
6 LsSt 4 yrs IVll muthly expe~e pmnts 

Sxieeeed lu red  ntedlcal lVetSlle up to I yrl 
Sete~ed iHUXI JliltedJk~l~ lVeflSe i fl[L,r 8 yr$ 
Direct medlcxi reserve override 
Maximum medJcel reserve 

8"1 *3 Mlximum ludemalty re . rye 
9~'1"6 Mlximm expeme re~rve-apped I t  2 • Incurred 
10 Teell amximum rue r~  

11 SDTF% 
12.~7+0' 11SDTF re¢ovenxi~e on r,serv~ 
13 SDTF requests O/S on paM 
14-12+13 Total SDTF recove~01e 

1~10-14 G r ~  r~ufv~ he . re  relMutance 
16 Ceded reseryes 
17"19-16 Nee msxim~m expuure 

Dlffer'e~e nutx imm over (under) 

Lfludy expmure: 
l ~ a T e  IS 1% of reportod Jf Hkdy to se re  
Medksl reserve 
Indemlll~y 
~epl~oU~r reserve 
TotoI nserves 

SDTF re¢oventble on re~*rv~ 
sD'rF requeSl~ O~ on ~tid 
To~tl SDTF recoverlbte 

Grea t-e~rv~ before rxinsuraace 
Ceded reserv~ 
Net likely exponre 

Diffcqremce likely over (under) reported 

Appgdlx C 

Sc-MeeM~du ~e~,edPAJdn M-PTp~dis8 M-PTpe~d~ul ~e-Otberedkdy to,O4b~ruxilkely ~e.Otb~unl~ 
ummulyto~n~ udfu~,touale unUkdyU~msle udkdytowtUe u~Je~e mmuk wmae 

2e-MMM 2~MMM 3b-PT Finding 3b-PT Pmdln 0 3¢-Cqher  3~Othe~ 3c~qker 
0089 9999 ~ 8n8 8888 9999 7777 

86 86 9~ 94 95 9 5  96 
9 9 19 I1 12 13 14 

Apr*87 Mt~87 Jun-89 Jua-94 De¢-95 Oee-gs Jul*00 

342,592 401189 71,769 30,658 134,444 17~106 49,010 
294,239 24,837 61,057 19,935 ~0,516 1 0 , ~  19,933 

66044 ~ 6,430 20,841 5,613 0,897 4,9~J6 
1 4 0 , 2 ~  21,.311 1,231 23,342 22,8.~6 8,194 10,982 

0 O 2,943 ~ , 0 ~  2O,784 0,094 &0~7 
14,956 6,292 905 4,159 9,387 &983 474 

8S0,039 110,837 1441335 169,000 2~3,600 54,890 90~31 
10,m0,o~ io,om,om 0 5OO,OOO ~00,000 1,me,00o 0 
10,000,000 10,000~ 1,0~,~0 1,000,~0 1,000,000 1 ~  1~00~0~ 

100,00% 10~00% 75.00% S0.00% 50.00% 100.00% 75.00% 
10,0~,000 10 ,000 .0~  1~0~ ,000  1,890,~0 I,.q00,000 0 1,000,0~ 
10,0~,000 10,000,000 10,000,000 9,000,000 0,000,000 10,000,000 

100.00% 1 0 0 , 0 0 %  1 0 0 . 0 0 %  1 0 0 - 0 0 %  10~00% 0 . ~  100.00% 
O 0 104,442 0 O 0 89~131 
O 0 1 0 ~ 1  O O 0 67,823 

189,164 37,604 f~0~0 92,896 ~,007 19,271 16~'2~ 
o o 3~81o o o o 12r389 

190,164 37,604 1,2"70 92~q66 ~,027 19,271 4,130 

66 42 40 37  51 40 41 
82 82 82 7S 77 82 76 

189 478 000 461 318 890 419 
2,027 239 1,237 274 2,101 266 845 
1,741 148 1,053 243 789 163 344 

391 49 I l l  315 88 00 85 
770 55 766 178 ~ 4 257 

I9 0 134 444J 117 44 103 
24,326 2,871 14,849 4,486 25,208 2,189 10,142 
3,003 2,871 S~I03 4,466 4,912 3,189 f~03 

O 0 0 O 290,0~ 0 0 
82,746 496,6511 652,087 40.~926 2.~0,0~ 382,772 416,209 

O 0 421,000 89,(k~9 0 0 0 
O 0 14w671 fdl~00 30~000 221200 10~61 

82,746 496,658 1,087,1138 61~JS 200,000 404,972 427,189 

0 ~  0 %  0 %  0 %  0 ~  0 %  0 %  
0 0 0 0 O 

0 0 0 0 0 0 0 

82,746 489,6~ 1,087,838 615,895 200,~0 404,972 427,100 
o o 8~138 00TSlS o o 2 z o , . ~  

82,746 496,658 232,700 894,770 2110,000 404,972 106,787 

-72,418 899,894 231,430 462,204 226,973 285,701 102,697 

100% 100% 100% 100% 100% 1000% 100% 
82,746 489,(d;8 652,897 465,926 289,~0 382,772 4167.89 

0 O 421,000 89,689 0 O O 
o o 1~071 00~o00 ~ 22~00 1o~1 

82,746 496,658 1,087,838 615,585 280,0~ 404,972 427,190 

0 0 0 0 0 0 O 
0 0 0 0 0 O 0 
O O 0 0 0 0 0 

82,746 496,658 l,OMT,g]8 61 ~.~LS 280,0~1 404,972 427,1S0 
0 0 199,139 0orals 0 0 220r363 

82,746 496,6.q 2.32,700 ~4,770 280,000 404,972 106,787 

-72,418 489~54 231,4.30 462,204 226,973 389,701 102,6~57 
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ABC Insurance Company * m ~  c 
Medical P a y S - C l a i m s  Open Wi th Exposure Exc lud ing Max imum Retention 6xh®lt ?. h p  I 

Average PaM U~ln9 a 6% Annual Intlatkm Rate to get AH Years to 1M7 Vahles 

ACCYr #Claims Year1 Year2 Year3 Year4 Year5 Year0 Year7 Year8 Yucg Year10 Year11 Y~ar12 Year13 Year14 Year18 Year10 Year17 
1984 20 4,761 10,283 11,450 7,029 9,181 7,326 6,550 7,916 13,784 8,737 3,732 5,120 6,354 0,632 8.856 8.676 8.944 

1995 25 4,694 15,420 12,879 11,529 6,384 10,707 5,524 3,845 4,563 3,1~ 3,737 4~78 2,543 4,24~ 4,158 4,166 

1906 39 3~83 13 .363  10.950 6.773 11.719 6.827 5.0~2 3.897 4.080 2.821 4.507 4.138 7,460 6.60? 11.777 

1967 58 8.811 21.762 18.O91 12.790 7.915 5.980 4.665 6,?.71 4.801 4.478. 3.530 5.147 8.763 7.997 

1988 75 8.353 23 .677  13.620 10.519 8.5.36 3.782 2.488 3 . ~  3.966 6,251 4.8~5 5.101 6.5(~ 

lgsg 87 5,328 13,738 9.847 6,998 8,890 4,956 4,694 4,635 5,737 5,177 4.656 8,323 

1999 74 8.414 15.580 8.519 3.996 3.032 3.852 2.633 3.70Q 4.633 3.767 2.894 

1991 90 6.577 14.121 7.438 4.825 4.929 3.832 4.931 4.358 4.047 3.823 

1992 53 6~87 11.689 7.113 5.827 6.683 6.355 7.963 6.021 6.879 

1993 80 5.885 12~ge 6.510 8.632 5.370 5.456 4.4~ 5,242 

1994 147 6.970 12.650 9.912 5.8~5 4.928 4.490 7.097 

1995 224 8.903 12.548 7.971 4.945 4.101 8.297 

1996 278 5.746 14.042 8.155 8.554 4.604 

1997 1 39 8.888 57 14.006 

Ws~lted Av~ 124g 6241 141355 81736 6T408 51340 5r299 5=(~9 41748 5:176 41648 4102.1 5 ~  8=998 6175~ 8r338 6r171 81944 

ABC Average Calendar Year Payments from Accident 
Date for Open C la im Not Including C la im at 

Maximum Reinsurance Retention 

16.000 
~ , ~  14,000 
I ~ 12,ooo 
r- ~ 1o.ooo 
• 8000 IE ' 

• 6,0OO 

' ~  2.~ 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Years Since Accident Date 
L ~  



I',J 

ABC h s u r ~  C ~ q m n y  , ~ . ~ ¢  
1 4 ~ 1  ~ Omm WIh Emmau~ :~*~,,e.~ !tlmdmum I I IN~0~ .  u . - I~ . l  ENa l / l l ~  aA O% BellbmbNi whir Ywr  17 ~ ' p o  I ~  s 

~CCYr 0C;WmSYwt yql t2 Yuor3 Yalr4 Yiler5 Y w B  Yqm-7 Y w B  YIIM0 Ymr l0  Y w t 1  Y w 1 2  Yeort3 Yqmr14 Y w 1 5  Y w 1 8  Ymrt7 Y w 1 8  YNr19 Ymr20 ymr21 Y w 2 2  Yr23 
1979 1 111 rml 514 640 810 e20 ~ 80~ 755 179 1.252 386 1.1N5 1.Qml 417 89t 3~5 11_.~0J3~5 1 110 4.016 

1900 2 9,789 0.001 4.11t 9,111 5.576 3,705 7.977 1,5~8 66412 7.t04 2.234 4.286 32.066 9,017 12.954 1 . 4 1 0 i ~ : ~  4.200 4.516 

IM1 6 2.303 3,E27 1,534 t~04 1,550 881 918 7go 110 1.H5 2.21)t 1 .044 t.tSQ 975 1.670 3.972 1 4.019 4.260 4.510 

19~ 7 4.753 1.778 3,407 1,534 1.948 t.23)' 66634 4 .155 1.005 3,430 7.373 t0.758 3,410 4,591 6650Q I 3,TIQ 4.019 4.280 4.516 

1083 9 5.183 3,876 2.0t7 5.287 4,5Q0 1.543 7.642 2.40~ 1.g09 2.t34 7.N0 1.N0 3,796 13,846I 3,577 3,TfQ 4.019 4.280 4.510 

I 1904 20 4.30Q 3,435 3,071 3,711 3,453 4.0Q6 1.750 2,400 2.979 3.100 3:'t4 4.0(18 4 .195 3,374 3,577 3,7~Q 4.WI9 4.200 4.5t6 

1985 25 3,173 5.321 2.745 1.9tl 2 .288 1.$88 1,557 2 .126 1.264 2.tt0 2.0e6 2.070J 3,183 3.374 3,577 3,TgQ 4.019 4.2~0 4,5t6 

1908 30 66174 5,177 2,58~ 2,053 2,t49 1.486 2.274 2.t80 3 .930 3,480 6.204 J 3,003 5.183 3,374 3,577 3,7~2 4.011) 4~80 4.516 

lg07 g 4.420 5.339 2.605 3,5~Q 2.~11 2.4g~ t.971 2 .874 3.2t8 4.480 1 3,003 3,0~ 3 ,183 3,374 3,577 3.702 4.0t0 4.200 4.510 

1N8 70 3.277 2.238 1.472 2.170 2.3(10 3,700 2,779 3,019 3.8~1 I 3,0~1 3,003 3,003 3,183 3,374 3,077 3,7~Q 4,519 4.280 4,510 

lg~l 87 4.323 3,t0~ 2 .845 2.908 3, .~m 3.248 3,9Qt 3 , ~ J  3,003 3,003 3.003 3,003 3.183 5.374 3,577 3,71~ 4.5t9 4.200 4.016 

1~0 74 2.0t6 2,5(12 1.701 2,467 3.00t 3,506 1.9251 3,00~ 3,003 3,003 3,00~ 3,003 3,183 3.374 3 .577 3,7g~ 4.0t9 4.2~0 4.5t6 

I~Q 53 4,594 4.74~ 5.0~t 4.400 5.008 5.066 6.066 5.0e6 5.0eB 5.0e6 5.086 3,370 5.803 660~4 8.306 66780 7.187 7.518 

t g ~  80 4.258 4.322 3,506 4.t53 J 4.0e0 4*080 4.0~0 4.000 4 . ~  4.0~0 4.060 4,560 4.3~1 4,582 4.835 5.t25 5.433 9,7.r~) 66104 

1904 147 4.135 3,770 5.g501 4.3~ 4 .303 4.30~ 4.303 4.303 4.303 4.303 4.303 4.303 4.M~ 4,535 5.126 5.433 5*750 6.t04 6.471 

t g~  224 3.880 4,714 J 4.562 4,5~2 4.582 4.582 4.5412 4,5~2 4.562 4,5E2 4..~2 4.5(12 4 .835 5.125 5.433 5.7~0 66104 9,471 66000 

1908 276 4.428 i 4.805 4.835 4,535 4,535 4.835 4,536 4.835 4.836 4.835 4.835 4.836 5.125 5.433 5.750 6.t04 3,471 6.8511) 7.270 

I 19~7 1 . 5.t25 5.125 5.t25 9 ,125 5.125 5.125 5.t20 5.125 5.125 5.125 5.125 5.120 5.433 5.754) 66104 3,471 6.850 7.270 7.707 

A : ~ l m l  Ymr 
Tr~ Awlrage Up to Yei" N-= t6 
S ~ c ~  s~no Va~uo 

.U~ 111B  11111 l i r a  111g:1 1N4 m .tIE ~ 1111 ~ ~ ~ lira m 11~ m m 
637 §~270 t.573 4 .183 3.809 3550 2.375 3,445 3,157 2,763 3,378 2.330 3,057 5.068 4.040 4.621 4.1EQ 4.428 WA 

3,003 3,003 3,003 3,003 3.003 3.003 3,00~ 3,003 3,003 3,003 3,003 3,00~ 3,003 5.0e8 4.060 4.303 4.582 4.835 3,t25 

NOteS: ~ Yews 24 Cm~rd Equals (Yt N-t)'1.06 
Wllgltted Caiendw y~ t  Irvw~e d Aa:td~d Yqlms 1979-1N1 mquais 3,003 
Accident Yews 1994 om~arcl apply 8% bind Enroll Ihe t9e3 Acc:ldlmt YNr 







ABC INSURANCE COMPANY 
Sample Calculation of Permanent Total Claims with Supplemental Indemnity Reserves 
Loss  A m o u n t s  in  ( $ A c t u a l )  

Appendix C 

Exhibit 8 

O) (2) (3) (4) (5) (6) (7) (s) (9) (1o) 

Average Average Maximum 
Monthly Weekly Exposure 

Accident Remaining Indemnity Indemnity Indemnity Maximum Beginning 
Claimant Date Months Pa~'ment Pn~,ment Reserve Weekl~ Base Weekly' 

=(4)'12/$2 =(3)*(4) (A) (A) 

]Permanent 
Total Addition To/ 

Reserves With (Subtraction from) 
Supplemental Indemnity 

lndemnit~ Max Exposure 
(B) =(9)-(6) 

Claim 1 08/28/86 223 2,028 468 452,331 315 315 304,395 (147,936) 
Claim 2 11/13192 526 604 139 317,609 409 113 648,666 331,057 
Claim 3 10/14/95 350 1,912 441 669,102 453 322 684,258 15,156 
Claim 4 02/22~5 412 1,060 245 436,877 453 320 807,407 370,530 
Claim 5 11/07/94 549 1,498 346 822,133 444 271 1,042,568 220,435 
Claim 6 04/07/94 360 1,473 340 530,359 444 221 645,906 115,547 
Claim 7 10/20/89 432 1,694 391 732,011 362 362 677,664 (54,347) 
Claim 8 10/23/91 292 1,796 415 524,552 392 293 496,011 (28,541) 
Claim 9 02/01/95 183 1,532 353 280,285 453 352 359,229 78,944 
Claim 10 10/08/81 321 1,160 268 372,354 228 228 317,148 (55,206) 
Claim I I 12/23/85 216 1,599 369 345,285 307 233 287,352 (57,933) 
Claim 12 04106/92 350 1,414 326 494,767 409 227 607,585 112,818 
Claim 13 10/04/94 412 1,206 278 497,024 444 186 684,547 187,522 
Claim 14 12/05/91 360 1,515 350 545,479 392 207 592,463 46,983 

Notes: (A) Determined by Florida Statute 
(B) Uses Beginning Base Weekly from Column 8 and adds in an additional 5% of Column 8 yearly until the Maximum Weekly in 
Column 7 is reached. Procedure is applied for the remaining number of months in Column 3. 



ABC INSURANCE COMPANY 
Settled/Closed Claim Percentages of Reserved Amounts by Calendar Year of Closing 
Loss Amounts in ($Actual) 

(1) (2) (3) (4) (5) 

Incurred Incurred Incurred Percent Percent 
Calendar at 24 months at 12 months at Closing of 24 months of 12 months 

Year Before Closing Before Closing Date at Closing at Closing 
(3)/(1) (3)/(2) 

1 9 9 9  129,305,963 138,569,339 115,155,115 89.1% 83.1% 
2000 147,518,866 154,698,957 137,018,707 92.9% 88.6% 

Total 276,824,829 293,268,296 252,173,822 91.1% 86.0% 

Appendix C 

Exhibit 9 

~ [ISelected Closin$ Percentage of Settleable Claims 100.0%[I 
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ABC INSURANCE COMPANY 

RESERVE ANALYSIS AS OF 12/31/00 (In $000s) 

SUBROGATION 

PAID SUBROGATION/PK1D LOSS DEVELOPMENT METHOD 

Gross 
Paid Indicated 

Pd Subro/ Ult~ate Ind & Med Industry Ultimate 
Accident Pd Subm/ Paid Loss Pd Subm/ Losses Paid Ind & Med 

Year Paid Loss Factor Paid Loss ~12/31/00 CDF Losses 
(1) (2) (3) (4) = [(2) x (3)] (5) (6) 

1979 0.100 1.000 0.100 $1,167 1.046 
1980 0.141 0.971 0.137 4,075 1.058 
1981 0.056 0.961 0.054 10,802 1.073 
1982 0.073 0.952 0.070 19,765 L088 
1983 0.039 0.945 0.037 22,475 1.108 
1984 0.052 0.939 0.049 40,801 1.128 
1985 0.017 0.931 0.016 52,305 1.151 
1986 0.015 0.926 0.014 66,271 1.175 
1987 0.016 0.915 0.015 87,262 1.204 
1988 0.015 0.906 0.014 96,777 1.233 
1989 ,0.025 O. 903 O. 022 116,924 1.268 
1990 0.011 0.900 0.010 126,998 1.308 
1991 0.015 0.904 0.014 133,157 1.350 
1992 0.013 0.898 0.011 159,938 1.399 
1993 0.018 0.918 0.016 206,041 1.452 
1994 0.023 0.917 0.021 204,997 1.515 
1995 0.021 0.934 0.019 191,639 1.593 
1996 0.024 0.989 0.023 172,200 1.703 
1997 0.009 1.033 0.010 19,733 1.889 

(7) = [(5) x (6)] 

$1,221 
4,311 
11,590 
21,504 
24,902 
46,023 
60,203 
77,868 

105,064 
119,326 
148,259 
166,113 
179,762 
223,753 
299,171 
310,570 
305,281 
293,257 

37,276 

Appendix D 

Exhibit I 

(8) All Year Weighted Average o f Paid Subro to Paid Losses using Colur~ (7) as weights: 
(9) Selected Ultimate Ratio of  Paid Subro to Paid Loses :  

0.019 
0.019 

1 9 8  



A B C  I N S U R A N C E  C O M P A N Y  ~ D 

R E S E R V E  A N A L Y S I S  A S  O F  12/31100 ( I n  $000s) E ~  2 

ABC RECEIVED S U B R O G A T I O N / P A I D  LOSS 

Received 
Suh~ to 

Accid~t Pmd Loss 
Y ~  12 24 56 48 60 72 84 96 10~ 120 132 144 156 168 180 192 204 216 228 240 2.52 264 ~12/31/00 

".D 

1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1996 
1996 
1997 

0,168 0.167 0.161 0,163 0.152 0148 0145 0 143 0.140 0,132 0.128 0.125 0122 0.103 0,102 0.I01 0 100 0.10O 
OO36 0,O44 0.044 0.O43 0,031 O.030 0,030 0.030 0,034 O.096 0.108 0.117 0.131 0.142 0.141 0141 0.141 0.141 

0.0Ol 0003 0O06 0.028 0.049 0.(362 0061 0.061 0,060 O.059 0,055 0.059 0059 0.058 0.058 0.059 0.057 O.057 0.057 0056 0.056 
0004 0005 0039 0057 0053 0.O65 0,071 0075 0.077 0.0/6 0.074 0.0/5 0.075 0.0/4 0.077 0.0/6 0,075 0.076 0,0/3 00/3 
0004 O007 0.015 0016 0,022 O.025 0.033 0037 0,040 0.009 0.04O 0040 0.O40 0040 0.04O 0.039 0,039 0.039 0039 
0004 0007 0.014 0022 0,026 0.028 0035 0038 O054 0053 0052 0,052 0.051 0.051 0.050 0.053 0.052 0,052 
0002 OOO6 00O8 0009 0010 0012 0.015 0.014 0017 0,017 0017 0,017 0.018 0,017 0.017 0.017 0,017 
0001 0.006 0,0O8 0.010 0D15 0.016 0.017 0.017 0.017 0,016 0.016 0016 0.016 0,016 0,016 0015 
0O02 0.008 00O9 O.OIl 0.015 0.016 O.OI6 0,017 0.017 0017 0.016 0.016 0016 0.016 0.016 
0O03 0005 0008 0,010 0011 0.012 0.012 0013 0.012 0016 0.016 0.016 0.015 0.015 
0002 0010 0010 0,011 0.012 0013 0.014 0.014 0023 0.024 0,024 0.025 0.026 
0,0O3 0005 0.(]07 0008 0.011 0.011 0,011 o.on 0011 0.011 0011 0.011 
o,003 0007 0.010 0011 0.016 0015 0,015 0.015 0016 0015 0015 
0002 0.008 0010 0.011 0012 0.012 0.013 0.013 0013 0.013 
00O5 0.010 0.015 0.016 0017 0.018 0.018 O.Olg 0.018 
00o5 0016 0.017 0019 0.020 0.021 0.023 0.O23 
0o42 0041 0.051 0.o44 0.021 0.021 0.021 
o.000 0026 0.027 0018 o.024 o024 
0.00O 00o7 0010 0.009 0009 



ABC INSURANCE COMFANY ~ n 
RESERVE AIqALYSIS AS OF 12/31/00 (In S000s) zx~tt3 

A B C  R E C E I V E D  S U B R O G A T I O N / P A I D  D I t V E I A 3 P M E N T  F A C T O R S  

Accidmt 
Y ~  

12 24 36 48 60 72 84 96 1 5  120 182 144 156 168 180 192 204 216 228 240 252 264 
24 36 48 60 72 84 96 109 120 132 144 116 165 180 192 204 216 228 240 252 264 ULT 

t ~  

1979 0.995 0.962 1.013 0.W32 0.976 0.977 0.987 0.978 0 . 9 4 3  0.971 0~qg I 0 . 9 7 1  0 . 8 4 3  0.990 0 . 9 9 1  0.995 
1950 1.223 I , G 0 7  0.962 0.715 0,9e8 0.985 0.994 1,151 2-793 1:116 L 5 2  1.118 1.091 0 . 9 9 3  0.995 0.999 
1981 5.831 1.853 4.1;06 1.711 1.279 0 , 9 8 3  0.994 0.982 0,992 0,922 1.51 0.998 0.g~7 0.992 1 . 0 1 4  0.977 0.999 0.995 0.992 
1982 1.487 7.422 1.441 I.ItB 1,~.5 1.091 1,091 1.09| 0,986 0.971 1.016 0,997 0.988 1 , 0 4 0  0.982 0.995 0,989 0.981 
15~3 1.977 Z033 I.II2 1 . 3 6 7  1 . 1 2 2  1 , 3 3 2  1.104 1,103 0,968 1.010 L009 1,000 1 . 0 1 6  0,987 0.990 0.990 0.992 
1984 1.907 1 . 9 5 2  1 .619  1 . 1 8 2  1 . 0 9 9  I ,~2  1 . 0 9 8  1 . 4 2 9  0.986 0.9e0 0.988 0,999 0 . 9 8 1  0.982 1 . 0 9 3  0.989 
1985 3.504 1.296 1.0eO 1.143 1.189 1,229 0.977 1 .209  .0.953 0 . 9 9 1  0,994 1.046 0.g85 0.989 0,994 
1986 3,958 1,347 1 ,236  1 . 5 3 0  1 , 0 7 6  1 . 0 4 4  1 . 0 1 4  0,987 0,955 0.972 0.994 0.990 0 . 9 9 3  0.990 
19~7 3,100 1.228 LI43 1.406 1.071 1.016 1.095 LOIS 0.5q145 0.990 0.999 0 . 9 9 3  0,999 
19419 7-~0 1.961 1.309 1.0~7 1.10~ 1.019 L091 0.991 1.215 1.093 0.994 0.9~g$ 
1989 4.754 1.032 1.098 1.048 LI32 1,026 1,013 1.671 I .~6  1 . 0 0 7  1.034 
1990 2.107 1.239 1.228 1.332 1 . 0 9 8  0.989 0.997 0.5q2 0 , 9 9 3  0,999 
1991 2.425 1.499 1.097 1 . 3 6 7  0.996 1.001 0.993 1.097 0,993 
1992 3.307 1 .299  1 .106  1 . 0 6 2  1 , 0 9 0  1.010 1.0041 1,010 
1993 2.186 1,413 1.095 1 , 0 7 7  1 . 0 4 6  1 . 0 4 0  0.978 
1994 3.337 1.093 1.100 1.049 1 . 0 9 9  1.072 
1995 0,979 0 . 9 9 9  1 .064  0.486 0.967 
1996 29&933 I .O~.ll 0.658 I.$43 
1997 1.198 1 . 3 1 7  0.979 

12 24 ]6 49 60 72 84 96 If8 120 132 144 1-56 1641 180 192 204 216 228 240 252 
24 36 48 ~0 72 84 96 1 ~  120 132 144 156 L~ tm 192 204 ~ 22s 240 7..52 264 

&verap 20,179 1 . 7 4 2  1 .359  '1.~03 1.4194 1.067 L011 1.097 1.003 0.989 1 . 0 0 7  1.015 1.191 I , G 0 7  1 . 0 1 4  1,00g 1.05 0 , 9 5 3  0~992 0.995 0,999 
3 Yr Avg 100370 1.114 0.g~0 0.959 1.024 l,(bll 0.9~9 1 . 0 1 9  1 , 0 0 9  1.096 1.009 0.990 0.993 0,997 1 . 0 1 6  0 . 9 9 1  0.993 0.990 0.992 
All yr  Bx HitLo 7 . 8 7 5  1.413 LI76 1.218 1,59 1.094 1.099 1.4369 0,990 0.9~7 1.~02 L001 0.993 0.997 1 . 0 0 9  0.988 0.993 0.987 0.992 
$ yr  BI Hi/Lo 2.240 1.146 1.033 1.092 1.093 1.017 0.996 1,022 1 . 0 0 4  0.995 0,996 0.994 0 . 9 9 3  0,989 0.999 0 . 9 9 1  0.993 

Selected: 12 24 36 48 60 72 84 96 109 120 132 144 156 16,1 180 192 204 216 Z29 240 252 ~J4 
,/qp-to-Ap 1.5.52 I.C99 1.098 1 . 0 4 4  L099 1.018 0.999 1.0~3 0.993 1.004 0.997 0,997 0.990 0.989 0.994 0.992 0.993 0.993 0.990 0.990 0.971 1.090 
Age*to-Ult 1.881 1,212 1.104 1.033 0.989 0.934 0.917 0 . 9 1 8  0.898 0.904 0.900 0 . 9 0 3  0.906 0.915 0.926 0 . 9 3 1  0.939 0.945 0.952 0 . 9 6 1  0.971 1.000 
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ABC INSURANCE COMPANY 
Calculation of IBNR for New and Reopened Claims 
Loss Amounts in ($Actual) 

Appendix E 

Exhibit 1 

t~ 
to 

Month 

(1) (2) (3) (4) 

Calendar Year Calendar Year Calendar Year Calendar Year 
1997 1998 1999 2000 

January 99,792 168,117 68,147 204,587 
February 90,070 164,825 202,870 24,897 

March 131,895 149,756 339,573 82,909 
April 133,177 291,399 152,243 157,368 
May 157,488 147,232 123,982 73,755 
June 147,861 153,989 138,025 73,505 
July 181,954 189,706 86,777 39,136 

August 90,307 197,846 186,403 96,632 
September 110,346 163,048 80,604 222,456 
October 97,915 79,213 137,785 

November 140,764 153,355 140,633 
December 153,168 124,010 477,944 

Yearly Change 
Total 1,534,737 1 ,982 ,496  2,134,986 975,245 

Average 127,895 165,208 177,916 108,361 5.85% 
Avg. Ex Hi Lo 126,271 161,188 158,890 103,985 6.82% 

Median 132,536 158,519 139,329 82,909 15.68% 
[[ Selected 132,536 158,519 139,329 82,909 15.68°/~1 

Calculation of IBNR associated with New and Reopened Claims = 
(A): Average Monthly Payment for Current Year: 108,361 
(B): Average Yearly Payment for Current Year equals (A)*12: 1,300,327 
(C): Selected Average Yearly Decrease In Amount: 15.68% 
(D): Ultimate IBNR for New and Reopened equals (B)/(C)-(B): 6,991,030 
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ABC Insurance  C o m p a n y  

Calculat ion of  I B N R  Amoun t s  Exceeding  Re insurance  L imi t s  

Appendix F 

Exhibit 1 

t ,d 

Individual Claimants with Projected PaFmeuts In Excess of  Maximum Reinsurance 

Claimant Age (x) 
(1) (2) 

Female 38 
Male 1 56 
Male 2 40 

Total 

Of 100,000 Born Alive 
Number Number 

Living at Living at Likelihood of 
Beginning of Beginning of Survival to 

Age (x) Age (95) Age (95) 
(3) (4) (5) = (4) / (3) 

Estimated 
Payments 

In Excess of 
Maximum 

Reinsurance 
If  Alive at 

Age (95) 
(6) 

96,891 10,914 0.1126 
84,009 3,799 0.0452 
92,957 3,799 0.0409 

$5,185,665 
1,184,982 

679,902 

Estimated 
Payment by 

ABC 
(7) = (S) x (6) 

$584,124 
53,586 
27,786 

ii $665,497 



Sample ULAE Calculations- 
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ABC INSURANCE COMPANY 
Calculation of Unallocated Loss Adjustment Expense using Best's Aggregates and Averages 
Loss Amounts in ($000's) 

Appendix G 

Exhibit I 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) 

ULAE 
Direct Direct Direct Direct Direct Reserve ULAE 

and and and and and % of Reserve ABC ABC Method 1 Method 2 
Accident Assumed Assumed Assumed Assumed Assumed Loss +ALAE % of IBNR Total Booked ULAE ULAE 

Year Case Loss IBNR Loss Case ALAE IBNR ALAE IBNR ULAE Reserve Reserve Reserve IBNR Reserve Reserve 

b~ 
O 

(A) (B) (C) 0J) (E) (F) (G) (6)*(S) (7)*(9) 

Prior 16,136,790 7,178,145 274,816 692,260 485,310 
1991 2,238,712 1,395,334 38,431 167,273 105,387 
1992 2,117,601 1,491,083 38,189 191,619 117,342 
1993 2,021,196 1,500,264 34,860 221,699 112,556 
1994 2,032,807 1,579,728 46,547 238,468 130,070 
1995 2,259,525 1,773,433 49,026 281,701 161,427 
1996 2,507,057 1,965,472 74,280 334,622 192,902 
1997 3,374,262 2,225,059 110,670 442,325 236,765 
1998 5,009,899 2,995,728 193,847 645,373 368,768 
1999 7,106,790 4,874,449 297,310 989,744 591,015 
2000 8,458,321 10,353,546 390,735 1,498,737 1,195,736 

Total 53,262,960 37,332,241 1,548,711 5,703,821 3,697,278 3.8% 8.6% 
Ex. 98-00 32,687,950 19,108,518 666,819 2,569,967 1,541,759 2.8% 7.1% 161,388 69,588 4,521 4,949 

(A): Based on 2001 Bast's Aggregates and Averages Schedule P - Part  ID, Column (13) 
(B): Based on 2001 Beat's Aggregates and Averages Schedule P - Part  1D, Column (15) 
(C): Based on 2001 Best's Aggregates and Averages Schedule P - Part 1D, Column (17) 
(D): Based on 2001 Best's Aggregates and Averages Schedule P - Part  1D, Column (19) 
(E): Based on 2001 Best's Aggregates and Averages Schedule P - Part  ID, Column (21) 
(F): =(5)/((1)+(2)+(3)+(4)) 
(G): =(5)/((2)+(4)) 



ABC INSURANCE COMPANY 
Calculation of Unallocated Loss Adjustment Expense using TPA Payment Schedule 
Loss Amounts in ($000's) 

Appendix G 

Exhibit 2 

Estimated 
TPA ULAE Percentage 

Calendar Payment Increase/ 
Year Schedule (Decrease~ 

tO 
---.I 

1995 4,876 
1996 3,704 -24.0% 
1997 2,841 -23.3% 
1998 2,064 -27.3% 
1999 1,575 -23.7% 
2000 1,106 -29.8% 

Selected lncrease/(Decrease) 

ULAE Factor = (1.0/25%) 
L 

t,][Selected ULAE = (Factor-l.0)*(2000 Yr Paid Amountt 

-25,0% 

4.00 

3,318 II 



t-O 
O 
O0 

ABC INSURANCE COMPANY 
Calculation of Unallocated Loss Adjustment Expense using Calendar Year Payments 
Loss Amounts in ($000's) 

(1) (2) (3) (4) (5) (6) 

Direct 
and Assumed Paid ULAE/ ABC ABC 

Calendar Loss'and Paid Paid Loss Total ABC Case 
Year ALAE ULAE Ratio Reserve IBNR Reserve 

(A) (A) (2)/(1) 

1995 4,876 204 4.2% 
1996 3,704 165 4.5% 
1997 2,841 118 4.2% 
1998 2,064 79 3.8% 
1999 1,575 58 3.7% 
2000 1,106 43 3.9% 

(4)-(5) 

Total 161,388 69,588 91,800 

Appendix G 

Exhibit 3 

(7) Selected ULAE % 4.0% 

II (sl Selected ULAE = (15)+((6~*0.5))*(7) 4,620 [[ 



Duration of ABC Insurance Company - 

Appendix H 

209 



ABC INSURANCE COMPANY 
Calculation of Duration at Different Evaluation Points 

Selected Interest Rate: 

Appendix H 

Exhibit I 

(I) (2) O) (4) 

Incremental 
Paid from 

Selected Percentage Year N to Duration At 
Year N CDF Paid Year N+I Year N 

(A) -I.0/(1) (B) (C) 

1 7.096 14,1% 18.2% 5,311 
2 3.100 32.3% 12.4% 5.925 
3 2.237 44.7% 8.2% 6.516 
4 1.889 52.9% 5.8% 6.926 
5 1.703 58.7% 4.1% 7.145 
6 1.593 62.8% 3.2% 7.127 
7 1.515 66.0% 2.9% 6.976 

68.9%[ 2.6% 6.762 g 1.452 
9 1.399 71.5% 2.6% 6.502 
10 1.350 74.1% 2.4% 6.270 
II 1.308 76.5% 2.4% 6.007 
12 1.268 78.9% 2.2% 5.775 
13 1.233 81.1% 2.0% 5.515 
14 1.204 83.1% 2.0% 5.214 
15 1.175 85.1% 1.8% 4.942 
16 1.151 86.9% 1.8% 4.629 
17 1.128 8&7% 1.6% 4.349 
18 1.108 90.3% 1.6% 4.027 
19 1.088 91.9% 1.3% 3.748 
20 1.073 93.2% 1.3% 3.370 
21 1.058 94.5% I. 1% 3.022 
22 1.046 95.6% 1.1% 2.597 
23 1.034 96.7°/0 1.0% 2.190 
24 1.024 97.7% 1.0% 1.753 
25 1.013 98.7% 0.8% 1.373 
26 1.005 99.5% 0.5% 1.000 
27 1.000 100.0% 

Notes (A): Based on Florida information from NCCI Annual Statistical Bulletin with and adjusted 8th/Ult, Tall; Items below line have been estimated 
(B): From Column (2) 
(C): AHunles that all payments are made at end of Year N 

Sample Calculation of Duration (Year 1 ): 

0 )*({I.OS~^-1 )* t 8.2+(2)*~0.05)^-2~" U.4+ ................... +(26)*((I .08)^-26)*0.5 
((1.05)^-I)'18.2+((I .05)^-2)*12.4+ ...... . . . . . . . . . . . . .  +((I ,05)^-26)*0,5 

ffi 5,311 

2 1 0  
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Two Approaches to Calculating Correlated Reserve 
Indications Across Multiple Lines of Business 

by 
Gerald S. Kirschner, FCAS, MAAA 

Colin Kerley, FIA 
Belinda Isaacs, FIAA 

Classic Solutions 

Abstract 

As reserving actuaries focus more on reserve ranges and less on point estimates, the 
question of how to develop a reasonable reserve range in the aggregate becomes more 
and more relevant. When working with a single set of "best estimates", the answer is 
simple - assuming all the best estimates are the mean values for each block of business 
being analyzed, the best estimate for the total is equal to the sum of the parts. 
However, if the by line best estimates are other than the mean values, the sum of the 
parts is not the same as the best estimate for the aggregate. 

This paper presents two possible approaches to developing aggregate reserve 
indications when looking at results other than the mean value. The approaches both 
rely on a simulation model. One takes in the actuary's judgment as to the correlations 
between the different underlying blocks of business and the second uses bootstrapping 
to eliminate the need for the actuary to make judgment calls about the nature of the 
correlations. 

I. Introduction 

The bar continues to be raised for actuaries performing reserve analyses. For example, 
the approval of Actuarial Standard of Practice # 36 for United States actuaries clarifies 
and codifies the requirements for actuaries producing '~Nritten statements of actuarial 
opinion regarding property/casualty loss and loss adjustment expense reserves. "1 A 
second example in the United States is the National Association of Insurance 
Commissioners requirement that companies begin booking managementls best 
estimate of reserves by line and in the aggregate, effective January 2001. A third 
example, this one from Australia, is contained in the Australian Prudential Regulation 
Authority's (APRA) General Insurance Prudential Standards, applicable from July 2002 
onwards. In these regulations, APRA specifically states "the Approved Actuary must 
provide advice on the valuation of insurance liabilities at a given level of sufficiency - 
that level is 75%. "2 

1 Actuarial Standard of Practice # 36, page 1. 
2 Australia Prudential Regulation Authority, Prudential Standard GPS 210, =Liability Valuation for General 
Insurers", July 2002 p. 2. 
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in this environment, it is clear that actuaries are being asked to do more than ever 
before with regard to reserve analyses. One set of techniques that has been of 
substantial interest to the paper-writing community for quite some time is the use of 
stochastic analysis or simulation models to analyze reserves. Stochastic methods 3 are 
an appealing approach to answering the questions currently being asked of reserving 
actuaries. One might ask, "Why?. What makes stochastic methods more useful in this 
regard than the traditional reserving methods that rve been using for years?" 

The answer is not that the stochastic methods are better than the traditional methods. 4 
Rather the stochastic methods are more informative about more aspects of reserve 
indications than traditional methods. When all an actuary is looking for is a point 
estimate, then traditional methods are quite sufficient to the task. However, when an 
actuary begins developing reserve ranges for one or more lines of business, and trying 
to develop not only ranges on a by-line basis, but in the aggregate, the traditional 
methods quickly pale in comparison to the stochastic methods. The creation of reserve 
ranges from point estimate methods is often an ad-hoc one, such as looking at results 
using different selection factors or different types of data (paid, incurred, separate claim 
frequency and severity development, etc.) or judgmentally saying something like =my 
best estimate plus or minus ten percent." When trying to develop a range in the 
aggregate, the ad-hoc decisions become even more so, such as "1'11 take the sum of my 
individual ranges less X% because I know the aggregate is less risky than the sum of 
the parts." 

Stochastic methods, by contrast, provide actuaries with a structured, mathematically 
rigorous approach to quantifying the variability around a best estimate. This is not 
meant to imply that all judgment is eliminated when a stochastic method is used. There 
are still many areas of judgment that remain, such as the choice of stochastic method 
and / or the shape of the distributions underlying the method, and the number of years 
of data being used to fit factors. What stochastic methods do provide is (a) a consistent 
framework and a repeatable process in which the analysis is done and (b) a 
mathematically rigorous answer to questions about probabilities and percentiles. Now, 

3 In this paper we use the word stochastic to mean frameworks that are not deterministic, i.e. have a 
random component. This is typically done by creating a framework for the reserving technique where 
many previously fixed quantities are represented by random variables. Probability distributions may then 
be generated for claims reserves, either analytically or by Monte-Carlo simulation. 

4 When we talk about "traditional methods", we mean the time-honored tradition of analyzing a triangle of 
paid or incurred loss data by looking at different averages of age-to-age development factors, selecting 
one for each development age and projecting paid or incurred losses to =ultimate" using the selected 
factors. There are many variations on this basic approach that can be applied, including data 
adjustments (like Berquist-Sherman), factor modifications (like Bornheutter-Ferguson), trend removal, but 
at the end of the day, the traditional methods all produce one reserve indication with no information as to 
how reality might differ from that single indication. 
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when asked to set reserves equal to the 75 th percentile, as in Australia, the actuary has 
a mechanism for identifying the 75 t~ percentile. Moreover, when the actuary analyzes 
the same block of business a year later, the actuary will be in a position to discuss how 
the 75 th percentile has changed, knowing that the changes are driven by the underlying 
data and not the application of different judgmental factors (assuming the actuary does 
not alter the assumptions underlying the stochastic method being used). 

It cannot be stressed enough, though, that stochastic models are not crystal balls. 
Quite often the argument is raised that the promise of stochastic models is much 
greater than the benefit they provide. The arguments typically take on one or both of 
the following forms: 
1. Stochastic models do not work very well when data is sparse or highly erratic. Or, to 

put another way, stochastic models work well when there is a lot of data and it is 
faidy regular - exactly the situation in which it is easy to apply a traditional point- 
estimate approach. 

2. Stochastic models ovedook trends and patterns in the data that an actuary using 
traditional methods would be able to pick up and incorporate into the analysis. 

England and Verrall, in their 2002 paper, addressed this sort of argument with the 
response "It is sometimes rather na'lVely hoped that stochastic methods will provide 
solutions to problems when deterministic methods fail. Indeed, sometimes stochastic 
models are judged on whether they can help when simple deterministic models fail. 
This rather misses the point. The usefulness of stochastic models is that they can, in 
many circumstances, provide more information which ma=y be useful in the reserving 
process and in the overall management of the company. " °  This, in our opinion, is the 
essence of the value proposition for stochastic models. They are not intended to 
replace traditional techniques. There will always be a need and a place for actuarial 
judgment in reserve analysis that stochastic models will never supplant. Even so, as 
the bar is raised for actuaries performing reserve analyses, the additional information 
inherent in stochastic models makes the argument in favor of adding them to the 
standard actuarial repertoire that much more compelling. 

Having laid the foundation for why we believe actuaries ought to be incorporating 
stochastic models into their everyday toolkit, let us turn to the actual substance of this 
paper - using a stochastic model to develop an aggregate reserve range for several 
lines of business with varying degrees of correlation between the lines. 

II. Correlation - mathematically speaking and in lay terms 

Before jumping into the case study, we will take a small detour into the mathematical 
theory underlying correlation. 

5 England & Verrall (2002), pp. 2-3. 
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Correlations between observed sets of numbers are a way of measuring the "strength of 
relationship", between the sets of numbers. Broadly speaking, this "strength of 
relationship" measure is a way of looking at the tendency of two variables, X and Y, to 
move in the same (or opposite) direction. For example, if X and Y were positively 
correlated then if X gives a higher than average number, we would expect Y to give a 
higher than average number as well. 

It should be mentioned that there are many different ways to measure correlation, both 
parametric (for example, Pearson's R) and non-parametric (Spearman's Rank Order, or 
Kendalrs tau). It should also be mentioned that these statistics only give a simple view 
of the way two random variables behave together - to get more detailed picture, we 
would need to understand the joint probability density function (pdf) of the two variables. 

As an example of correlation between two random variables we will look at the results of 
flipping two coins, and look at the relationship between correlation coefficients and 
conditional probabilities. 

Example 1 
We have two coins, each with an identical chance of getting heads (50%) or tails (50%) 
with a flip. We will specify their joint distribution, and so determine the relationship 
between the outcomes of both coins. Note that in our notation, 0 signifies a Head, 1 a 
Tail. 

Case 1: 

Case 1 Joint Distribution Table 

Coin A 

Coin  B 

The joint distribution table shows the probability of all the outcomes when the two coins 
are tossed. In the case of two coin tosses there are 4 potential outcomes, hence, there 
are 4 cells in the joint distribution table. For example, the probability of Coin A being a 
head (0) and Coin B a tail (1) can be determined by looking at the 0 row for Coin A and 
the 1 column for Coin B, in this example 0.25. In this case, our coins are independent. 
The correlation coefficient is zero, where we calculate the correlation coefficient by: 

Correlat ion Coeff icient = Coy(A, B) / (Stdev(A) * Stdev(B)) 

and 

Cov(A, 13) = E[(A - mean(A)) * (B - mean(B))]  = E(AB) - E(A)E(B) 

(2.1) 

(2.2) 
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W e  can a l so  see  that  the  o u t c o m e s  o f  coin B are  not  l inked in a n y  w a y  to the o u t c o m e  
o f  coin A. For  e x a m p l e  

P(B = 1 I A = 1) = P(A = 1, B = 1) / P(A = 1) 
= 0 .25 / 0.5 
= 0 .50 
= P(B = 1) 

Case  2: 

Case 2 Joint Dist#bution Table 

Coin B 

C o i n  A 

F rom this d is t r ibut ion w e  ca lcu la te  the cor re la t ion  coef f ic ient  to  be  0 .25 s. 

By  look ing  at  the  cond i t iona l  d ist r ibut ions,  it is c lear  that  the re  is a l ink be tween  the 
o u t c o m e  o f  coin B and co in A : 

P(B = 1 I A = 1) = P(A = 1, S = 1) / P(A = 1) 
= 0 .3125  / 0.5 
= 0 .625 

P(B = 0 I A = 1) = 0 .375 

So  w e  can see  that  with the inc rease  in corre la t ion,  the re  is an  inc rease  in the  chance  o f  
get t ing h e a d s  on  coin B 'g iven  coin A s h o w s  heads .  

e Proof that the correlation coefficient for case 2 is 0.25: 
I ! 

E(A,B) = ____~-~i*J*P(~'BJ) = 0 + 0 + 0 + 1"1"0.3125 = 0.3125 
i - o  j , . o  

E(A) = 0.5 = E(B) 
Cov(A,B) = E(A,B) - E(A)E(B) = 0.3125 - 0.25 = 0.0625 

1 

Var(A) = ~ ( i - E ( A ) )  2 *P(A~) = 0.25 = Var(B) 
i=o 

StDev(A) = 0.5 = StDev(B) 
Correlation Coefficient = 0.0625 / (0.5 * 0.5) = 0.25 
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With this 2 coin example it turns out that if we want the marginal distributions of each 
coin to be the standard 50% heads, 50% tails then, given the correlation coefficient we 
want to produce, we can uniquely define the joint pdf for the coins. 

We find that, for a given correlation coefficient of p, 

P(A = 1, B = I)  = P(A = 0, B = 0) = (I + p ) /4  
p(A= 1, B =0)=  P(A = 0, B = I ) =  (1 - p ) / 4  

We can then recover the conditional probabilities : 

P(B = 1 I A =  1)=(1 + p ) / 2  
P(B = O IA  = 1) = (1 - p ) /2  

So for example, we can see that 

p = 0.50 gives P(B = 1 I A = 1) = 0.750. 
p = 0.75 gives P(B = 1 I A = 1) = 0.875. 
p = 1.00 gives P(B = 1 I A = 1) = 1.000. 

As expected, an increase in the correlation coefficient means the higher the chance of 
throwing heads on coin B, given coin A shows heads. 

In lay terms, then, we would repeat our description of correlation at the start of this 
section, that correlation, or the "strength of relationship" is a way of looking at the 
tendency of two variables, X and Y, to move in the same (or opposite) direction. As the 
coin example shows, the more positively correlated X and Y are, the greater our 
expectation that Y will be higher than average if X is higher than average. 

It should be noted, however, that the expected value of the sum of two correlated 
variables is exactly equal to the expected value of the sum of the two uncorrelated 
variables with the same means. 

III. Significance of the existence of correlations between lines of 
business 

Suppose we have two or more blocks of business for which we are trying to calculate 
reserve indications. If all we are trying to do is determine the expected value of the 
reserve run-off, we can calculate the expected value for each block separately and add 
all the expectations together. However, if we are trying to quantify a value other than 
the mean, such as the 75 th pementile, we cannot simply sum across the lines of 
business. If we do so, we will overstate the aggregate reserve need. The only time the 
sum of the 75 th percentiles would be appropriate for the aggregate reserve indication is 
when all the lines are fully correlated with each other - a highly unlikely situation! The 
degree to which the lines are correlated will influence the proper aggregate reserve 
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leve! and the aggregate reserve range. How significant an impact will there be? That 
primarily depends upon two factors -- how volatile the reserve ranges are for the 
underlying lines of business and how strongly correlated the lines are with each other. 
If there is not much volatility, then the strength of the correlation will not matter that 
much. If, however, there is considerable volatility, the strength of correlations will 
produce differences that could be material. This is demonstrated in the following 
example. 

Example 2: The impact on values at the 75 th percentile as correlation and 
volatility increase 

Table 1 shows some figures relating the magnitude of the impact of correlations on the 
aggregate distribution to the size of the correlation. In this example, we have modeled 
two lines of business (A and B) assuming they were Normally distributed with identical 
means and variances. The means were assumed to be 100 and the standard 
deviations were 25. We are examining the 75 th percentile value derived for the sum of 
A and B. The tables below show the change in the 75 th percentile value between the 
uncorrelated situation and varying levels of correlation between lines A and B. Reading 
down the column shows the impact of an increasing level of correlation between lines A 
and B, namely that the ratio of the correlated to the uncorrelated value at the 75  th 

percentile increases as correlation increases. 

Table 1: Compar ison of  values at the 75 th percent i le as correlation increases 

I~::~:..~i~Gprr~|ati6h !1;~ : Values at 75 percentde • Ratio of Values at 75~ percentde 
223.8 0.0% 

: : :  I 226 7 i 3% [ 
" -0:50 1 229.2 ', 2.4% I 

I 0175 I 23i .5 r 3.4% 
i 1.00 I 233.7 _ [ 4:4% , 

Now let's expand the analysis to see what happens as the volatility of the underlying 
distributions increase. Table 2 shows a comparison of the sum of lines A and B at the 
75 th percentile as correlation increases and as volatility increases. The ratios in each 
column are relative to the value for the zero correlation value at each standard deviation 
value For example, the 5 8% ratio for the rightmost column at the 25% correlation level 
means that the 75 th percentile value for lines A + B with 25% correlation is 5.8% higher 
than the 75 th percentile of N(100,200)A + N(100,200)B with no correlation. As can be 
seen from this table, the greater the volatility, the larger the differential between the 
uncorrelated and correlated results at the 75 th percentile. 

Table 2: Compar ison of  values at the 75 th percent i le as both correlation and volat i l i ty increase 
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Standard  Deviat ion Va lue  

- 25 5 0  ~ 0 0  ~ 2QO 

Z),25 1.3% 2.3% 3.8% . 5.8% 
~.50 " ~ _..__2. % ...... 4.3% 7.3% . 11.0% 

0.75 3.4% 6.2% 10.4% ~ 15.8% 
1.00 • 4.4% 8.0% 13.4% [ 20.2% 

This effect is magnif ied if we look at similar results but further out on the tails of the 
distribution, for example  looking at the 95 th percentiles, as is shown in Table 3. 
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Table 3: Comparison of values at the 95  th percentile as both correlation and volatility increases 

Standard Deviation Value 
25 5 0  100 200 

#alue for 0.00 correlation at the 75 t~ percentile I 258.1 316.3 432.6 665.2 
3orrelation Ratio of values at 75 th percentile 
 .25 2.7% i 4.3% !6.3% L 8.3% 

s.lO/o E __8:_aO/o i 12.1%1 15.7% 
).75 7.3% i 11.9% i17.4% ! 22.6% 
1.00 9.3% F 15.2% i22.3% i 29.0% 

Note that these results will also depend on the nature of the underlying distributions - 
we would expect different results for lines of business that were Lognormally distributed 
for example. 

IV. C a s e  S t u d y  

A. Background 

The data used in this case study is fictional. It describes three lines of business, two 
long tail and one short tail. All three produce approximately the same mean reserve 
indication, but with varying degrees of volatility around their respective means. By 
having the three lines of approximately equal size, we can are able to focus on the 
impact of correlations between lines without worrying about whether the results from 
one line is overwhelming the results from the other two lines. 

Appendix I contains the data triangles. 

The examination of the impact of correlation on the aggregated results will be done 
using two methods. The first assumes the person doing the analysis can provide a 
positive-definite correlation matrix (see section B below). The relationships described in 
the correlation matrix are used to convert the uncorrelated aggregate reserve range into 
a correlated aggregate range. The process does not affect the reserve ranges of the 
underlying lines of business. It just influences the aggregation of the reserve indications 
by line so that if two lines are positively correlated and the first line produces a reserve 
indication that is higher than the expected reserve indication for that line, it is more likely 
than not that the second line will also produce a reserve indication that is higher than its 
expected reserve indication. This is exactly what was demonstrated in the coin 
examples in Section II. 

The second method dispenses with what the person doing the analysis knows or thinks 
he or she knows. This method relies on the data alone to derive the relationships and 
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linkages between the different lines of business. More precisely, this method assumes 
that all we need to know about how related the different lines of business are to each 
other is contained in the historical claims development that we have already observed. 
This method uses a technique known as bootstrapping to extract the relationships from 
the observed claims history. The bootstrapped data is used to generate reserve 
indications that inherently contain the same correlations as existed in the original data. 
Therefore, the aggregate reserve range is reflective of the underlying relationships 
between the individual lines of business, without first requiring the potentially messy 
step of requiring the person doing the analysis to develop a correlation matrix. 

B. A note on the nature of the correlation matrix used in the analysis 

The entries in the correlation matrix used must fulfill certain requirements that cause the 
matrix to be what is known as positive definite. The mathematical description of a 
positive definite matrix is that, given a vector x and a matrix A, where 

X = IX l X 2 . "  Xn] and 

F a l l  a12  . . .  a l n ]  

... 
L a n l  a n 2  . . .  ann_]  

x T A x  = IX 1 X 2 . . .  I 
a l l  a12  . . .  
a , . ,  

Xn  21 a 2 2  
: : . . .  

L a n l  a n 2  . . .  a n n J k X n J  

= a11xl  2 + a12xIx2 + a21x2x1 + ,.. + annXn 2 

Matrix A is positive definite when xTAx > 0 
for all x other than xl = x2 = " = Xn = 0. 

(4.1) 

(4.2) 
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C. Correlation matrix methodology 

The methodology used in this approach is that of rank correlation. Rank correlation is 
a useful approach to dealing with two or more correlated variables when the joint 
distribution of the correlated variables is not normal. When using rank correlation, what 
matters is the ordering of the simulated outcomes from each of the individual 
distributions, or more properly, the re-ordering of the outcomes. 

Rank Correlation Example 

Suppose we have two random variables, A and B. A and B are both defined by uniform 
distributions ranging from 100 to 200. Suppose we draw five values at random from A 
and B. They might look as shown in Table 4: 

Table 4 

Index I A  IB r 
1 1!55 r154 I 
2_ 1138 j ~  
3 4164 100 ] 

_5 107 -- 1128 / 

Now suppose we are interested in the joint distribution of A + B. We will use rank 
correlation to learn about this joint distribution. We will use a bivariate normal 
distribution to determine which value from distribution B ought to be paired with a value 
from distribution A. The easiest cases are when B is perfectly correlated with A or 
perfectly inversely correlated with A. In the perfectly correlated case, we pair the lowest 
value from A with the lowest value from B, the second lowest value from A with the 
second lowest value from B, and so on and so forth to the highest values for A and B. 
In the case of perfect inverse correlation, we pair the lowest value from A with the 
highest value from B, etc, etc, etc. The results from these two cases are shown in 
Table 5. 
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Table 5 

Perfectly Correlated 
Rank to Use 
A B 
1 1 
2 2 
3 3 
4 4 
5 5 

Resulting Joint Distribution 
A B A+B 
107 100 207 
122 125 247 
138 128 266 
155 164 309 
164 198 362 

Range of Joint Distribution 
Low 207 
High 362 

Perfect Inverse Correlation 
Rank to Use 

B 
5 

2 4 
i3 3 
4 2 
5 1 

Resulting Joint Distribution 
A B 
107 198 
122 154 
138 128 
155 125 
164 100 

Range of Joint Distribution 
Low 
High 

A+B 
305 
276 
266 
280 
264 

264 
305 

When there is no correlation between A and B, the ordering of the values from 
distribution B that are to be paired with values from distribution A are wholly random. 
The original order of the values drawn from distributions A and B is one example of the 
no-correlation condition. When positive correlations exist between A and B, the 
orderings reflect the level of correlation and the range of the joint distribution will be 
somewhere between the wholly random situation and the perfectly correlated one. 

Application of Rank Correlation Methodology to Reserve Analysis 

The application of the rank correlation methodology to a stochastic reserve analysis is 
done through a two-step process. In the first step, a stochastic reserving technique is 
use to generate N possible reserve runoffs from each data triangle being analyzed. 
Examples of several different techniques, including bootstrapping (England 2001), 
application of the chain-ladder to logarithmically adjusted incremental paid data 
(Christofldes 1990) and application of the chain-ladder to logarithmically adjusted 
cumulative paid data (Feldblum 1999) can be found in articles listed in the bibliography 
to this paper. In this case study, 5,000 different reserve runoffs were produced using 
the bootstrapping technique described in England (2001). This is the end of step one. 
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In step two, the user must specify a correlation matrix. We do not propose to cover how 
one may estimate such a correlation matrix in this paper, as we feel this is an important 
topic in its own right, the details of which would merit a separate paper. One such 
paper for readers who are looking for guidance in this area is "Correlation and the 
Aggregation of Unpaid Loss Distributions" by Paul Brehm, due to be published as part 
of the CAS 2002 Reserving Call Papers. In this paper, we will simply assume that the 
user has such a matrix, either calculated analytically, or estimated using some other 
approach, such as a judgmental estimation of correlation. 

We generate 5,000 samples for each line of business from a multivariate normal 
distribution, with the correlation matrix specified by the user. We then sort the samples 
from the reserving method into the same rank order as the normally distributed 
samples. This ensures that the rank order correlations between the three lines of 
business are the same as the rank order correlations between the three normal 
distributions. The aggregate reserve distribution is calculated from the sum of the 
individual line reserve distributions. This resulting aggregate reserve range will be 
composed of 5,000 different values from which statistics such as the 75 th percentile can 
be drawn. The range of aggregated reserve indications is reflective of the correlations 
entered into the correlation matrix at the start of the analysis. 

For example, the ranked results from the multivariate normal process might be as 
follows: 

Line 1, Rank 
528 

Line 2, Rank 
533 

Line3~Rank : : i 
4OO 

495 607 404 
995 710 904 
233 325 831 
733 912 551 
825 33 801 
325 107 331 
630 210 571 
653 986 51 
983 730 301 
130 900 782 

The first of the 5,000 values in the aggregate reserve distribution will be composed of 
the 52@ largest reserve indication for line 1 + the 533 rd largest reserve indication for 
line 2 + the 400 th largest reserve indication for line 3. The second of the thousand 
values will be composed of the 495 th largest reserve indication for line 1 + the 607 th 
largest reserve indication for line 2 + the 404 th largest reserve indication for line 3. 
Through this process, the higher the positive correlation between lines, the more likely it 
is that a value below the mean for one line will be combined with a value below the 
mean for a second line. At the same time, the mean of the overall distribution remains 
unchanged and the distributions of the individual lines remains unchanged. 
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D. Rank correlation results 

To show the impact of the correlations between the lines on the aggregate distribution, 
we ran the model five times, each time with a different correlation value: zero 
correlation, 25% correlation, 50% correlation, 75% correlation, and 100% correlation. 
The correlations were chosen to highlight the range of outcomes that result for different 
levels of correlation, not because the data necessarily implied the existence of 
correlations such as these. The results are shown both numerically in Table 6 and 
graphically in Figure 1 and Figure 2. 

Table 6: Case study results - aggregated reserve indication at different levels of correlation 
between underlying lines of business (all values are in thousands) 

0% corr 2 5 %  corr 50% corr 75% c o r r  100%;C0rt.t~ 
4,330,767 4,330,767 4,330,767 4,330,767 4,330,767 

Deviation 1,510,033 1,596,840 1,705,469 1,829,748 1,998,140 

50% l i e  : 
60% ile 
70% ile 
BO% lie 
90% ile 

2,587,213 2,293,224 2,084,841 2,086,531 1,930,725 
72.366.202 72,771,841 73,474,899 75,564,417 81,277,681 

2.995.943 2,861,958 2,695,429 2,510,514 2,408,319 
3.247,847 3,087,062 2,956,837 2,867,115 2,762,663 
3.384.401 3,241,518 3,143,080 3,033,779 2,987,948 
3,588,011 3,500,438 3,424,399 3,358,196 3,277,806 
3.782.986 3,681,105 3,615,534 3,574,383 3,522,031 
3.942.032 3,897,816 3,820,380 3,790,977 3,745,674 
4,113,146 4,078,681 4,071,349 4,027,615 3,973,908 
4,278,521 4,279,869 4,292,852 4,267,561 4,232,721 
4.493.139 4,518,971 4,547,255 4,558,175 4,560,471 
4.786.940 4,876,233 4,931,662 5,031,358 5,111,862 
5,378,096 5,475,577 5,604,519 5,679,109 5,842,125 
6,008,476 6,230,885 6,371,310 6,436,050 6,836,095 
8,286,504 8,687,785 9,310,024 10,075,891 10,322,456 
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Figure 1: Graph of case study results - aggregated reserve indication at different levels of 
correlation between underlying lines of business 
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As expected, the higher the positive correlation, the wider the aggregated reserve 
range. With increasingly higher positive correlations, it is less likely that a better than 
expected result in one line will be offset by a worse than expected result in another line. 
This causes the higher positive correlated situations to have lower aggregate values for 
percentiles below the mean and higher aggregate values for percentiles above the 
mean. The results of the table and graph show just this situation. For information 
purposes, the difference between the zero correlation situation and the perfectly 
correlated situation have been displayed on the graph in Figure 2. 

E. Bootstrap methodology 

Bootstrapping is a sampling technique that is an alternative to traditional statistical 
methodologies. In traditional statistical approaches, one might look at a sample of data 
and postulate the underlying distribution that gave rise to the observed outcomes. 
Then, when analyzing the range of possible outcomes, new samples are drawn from the 
postulated distribution. Bootstrapping, by comparison, does not concern itself with the 
underlying distribution. The bootstrap says that all the information needed to create 
new samples lies within the variability that exists in the already observed historical data. 
When it comes time to create the new samples, different observed variability factors are 
combined with the observed data to create "pseudo-data" from which the new samples 
are generated. A step-by-step description of the application of the bootstrap 
methodology to claims reserving is contained in Appendix I1. 

So what is bootstrapping, then, as it is applied to reserve analysis? Bootstrapping is a 
resampling method that is used to estimate in a structured manner, the variability of a 
parameter. In reserve analysis, the parameter is the difference between observed and 
expected paid amounts for any given accident year / development year combination. 
During each iteration of the bootstrapping simulation, random draws are made from all 
the available variability parameters. One random draw is made for each accident year / 
development year combination. The variability parameter is combined with the actual 
observation to develop a "pseudo-history" paid loss triangle A reserve indication is then 
produced from the pseudo-history data triangle by applying the traditional cumulative 
chain-ladder technique to "square the triangle". A step-by-step walkthrough of the 
bootstrap process is included in Appendix I1. 

Note that this example is using paid amounts. The bootstrap approach can equally be 
applied to incurred data, to generate "pseudo-history" incurred loss triangles, which may 
be developed to ultimate in the same manner as the paid data. Also, the methodology 
is not limited to working with just positive values. This is an important capability when 
using incurred data, as negative incrementals will be much more common when working 
with incurred data. 
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This approach is extended to multiple lines in the following manner. Instead of making 
random draws of the variability parameters independently for each line of business, the 
same draws are used across all lines of business. The variability parameters will differ 
from line to line, but the choice of which variability parameter to pick is the same across 
lines. 

The example of Table 7 - Table 9 should clarify the difference between the uncorrelated 
and correlated cases. The example shows two lines of business, Line A and Line B. 
Both are 4x4 triangles. Table 7 shows the variability parameters calculated from the 
original data. We start by labeling each parameter with the accident year, development 
year and triangle from which the parameters are derived. 

Table 8 shows one possible way the variability parameters might be reshuffled to create 
an uncorrelated bootstrap. For each Accident / Development year in each triangle A 
and B, we select a variability parameter from Table 7 at random. For example Triangle 
A, Accident Year 1, Development Year 1 has been assigned (randomly) the variability 
parameter from the original data in Table, Accident Year 2, Development Year 1. Note 
that each triangle uses the variability parameters calculated from that triangle's data, i.e. 
none of the variability parameters from Triangle A are used to create the pseudo-history 
in Triangle B. Also note that the choice of variability parameters for each Accident Year 
/ Development Year in Triangle A is independent of the choice of variability parameter 
for the corresponding Accident Year / Development Year in Triangle B. 

For the correlated bootstrap shown in Table 8, the choice of variability parameter for 
each Accident Year / Development Year in Triangle A is not independent of the choice 
of variability parameter for the corresponding Accident Year / Development Year in 
Triangle B. We ensure that the variability parameter selected from Triangle B comes 
from the same Accident Year / Development Year used to select a variability parameter 
from Triangle A. 

The process shown in Table 9 implicitly captures and uses whatever correlations 
existed in the historical data when producing the pseudo-histories from which the 
reserve indications will be developed. The resulting aggregated reserve indications will 
reflect the correlations that existed in the actual data, without requiring the analyst to 
first postulate what those correlations might be. This method also does not require the 
second stage reordering process that the correlation matrix methodology required. The 
correlated aggregate reserve indication can be derived in one step. 
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Table 7 

Variability Parameters Calculated from Original Data 

Triangle A Triangle B 

t (1A,1A) (1A,2A} (1A,3A) (1A,4A) 
2 (2A,1A) (2A,2A) (2A,3A) 
3 (3A,1A) (3A,2,,,) 

4 (4A,1A) T 

I 
I L 

I 
1 

(2A,2A) 
-~ (3A,I A) 
4 (1A,1A) 

Table 8 

(1B,1B) (18,2B) (1B,3B) (1B,4B) 
(2e,lB) (28,28) (2B,3B) 
(3B,1~) (3B,2B) 

4 (4B,1B) 

-Calculated Variability Parameters I 

Uncorrelated Bootstrapping - Reshuffling of variability parameters in Triangle B 
is independent of the reshuffling in Triangle A 

Development Year I I Devel°pment Year : ~~1 
2 3 4 1 2 : "' ~ 4 3 : 

(3A,2A) (1 ~,3~,) (3A,1 A) [-'--] 1 (2B,2~) (3~,2~) (1B,3B) (2B,2B) 
(2A'3A) (1~"2A) E ~ (3B'IB) (2B'3B) (2B'2B) 
(1A,1A) (1B,3B) (1B,1B) 

4 (1B,28) 

L [Randomly Selected Variability Parameters to be Used~ 
[ in the creation of one possible pseudo-history | 

Table 9 

J Development Year : J 
1 2 3 4 

[ ~  1 (2A,1A) (3A,2A) (1A,3A) (3A,1A) 
2 (2A,2A) (1A,2~,) (2A,3A) 
3 (3A,1A) (1A,1A) 
4 (1A,1A) 

A i 
[Randomi~/-Selected Variabiiity Parameters to be used i 
L_in_ the cre.ation of one possib!e pse3do-hLsto ~ j 

Correlated Bootstrapping - Reshuffling of variability parameters in Triangle B 
is identical to the reshuffling in Triangle A 

t,: ..... DevelopmentYear : ; ~ 
1 ..... 2 '  3 ~ ' ; 4  

[ ~  1 (2B,1B) (3B,2B) (le,3B) (3B,1B) 
2 (28,2B) ( lm2B) (2B,3B) 
3 (3B,1B) (1B,15) 
4 (1B,ln) 

229 



F. Bootstrap results 

The model was run one final time using the bootstrap methodology to develop an 
aggregated reserve range. The bootstrap results have been added to the results shown 
in Table 6, Figure 1 and Figure 2. The revised results are shown in Table 10, Figure 3, 
and Figure 4 where we can compare the aggregate reserve distributions generated from 
the two different approaches. 

Table 10 (all values are in thousands)  

I 0% corr 
Mean 4.330.767 

IStandard 

p eviation 1.510.033 

25% corr  50% corr 75% corr 100% corr 
4.330.767 4,330,767 4,330,767 4,330,767 

1.596.840 1,705,469 1,829,748 1,998,140 

I 
M!n!mum 2.587.213 2.293.224 
MaximUm 72.366.202 72.771.841 

1%ile 2.995,943 2.861,958 
15%'iie 3.24.7.847 3.087.062 
10% lie 3.384.401 3.241,518 
20% ile 3.588.01 " 3.500.438 
30% ile 3.782.986 3.681,105 
40% ile 3.942.032 3.897.816 
50%ile 4.113.146 4.078.681 
80% ile 4.278.521 4.279.869 
70%ile 4.493.139 4.518.971 
BO% lie 4.786.940 4.876.233 
90% ile 5.378.096 5.475.577 
95% ile 6.008.476 6.230.885 
99% ile 8 286.504 8.687.785 

E~timated 
75~ %ile 4,640,039 4,697,602 

2,084,841 2,086,531 1,930,725 
73,474,899 75,564,417 81,277,681 

2,695,429 2,510,514 2,408,319 
2,956,837 2,867,115 2,762,663 
3,143,080 3,033,779 2,987,948 
3,424,399 3,358,196 3,277,806 
3,615,534 3,574,383 3,522,031 
3,820,380 3,790,977 3,745,674 
4,071,349 4,027,615 3,973,908 
4,292,852 4,267,561 4,232,721 
4,547,255 4,558,175 4,560,471 
4,931,662 5,031,358 5,111,862 
5,604,519 5,679,109 5,842,125 
6,371,310 6,436,050 6,836,095 
9,310,024 10,075,891 10,322,456 

4,739,459 4,794,767 4,836,166 

Bootstrap 
4,335,587 

1,601,469 

2,250,401 
67,405,104 

2,708,420 
3,014,557 
3,194,731 
3,443,479 
3,653,888 
3849,489 
4,043,971 
4,271,588 
4,554,548 
4,957,356 
5,691,814 
6,471,699 
9,116,338 

4,755,952 
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F i g u r e  3: G r a p h  o f  c a s e  s t u d y  r e s u l t s  - a d d i n g  b o o t s t r a p p e d  c o r r e l a t i o n  t o  a g g r e g a t e d  r e s e r v e  
i n d i c a t i o n  a t  d i f f e r e n t  l e v e l s  o f  c o r r e l a t i o n  b e t w e e n  u n d e r l y i n g  l i n e s  o f  b u s i n e s s  

9,000.000 

'1= 
8,000,000 

E 
0 7 , ~ . 0 0 0  

0 
0 
o 

n 

0 

4,000,01~ 

3,000.000 

2.000,000 
1% 5% 10"/, 20% 30% 40% 50% 60% 70% 80% 90% 95% 99% 
fie fie ile lie ile ile ile ile ile ile ile fie fie 

• --e--- 0% con" 

D 25% con" 

A 50% corr 

0 75% corr 

100% COlT 

~ B o o t s t r a p  

Figure 4: Graph of case study results - adding bootstrapped correlation to aggregated reserve 
Indications at different levels of correlation between underlying lines of business - blowing up 
area around 75 tb percentile 
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The results shown in the preceding figures and tables provide us with the following 
information: 

1. If we wanted to hold reserves at the 75 th percentile, the smallest reserve that 
ought to be held is $4.640 billion and the largest ought to be $4.836 billion. 

2. The maximum impact on the 75 ~h percentile of indicated reserves due to 
correlation is 4.5% of the mean indication ($196 million / $4.331 billion). 

3. There does appear to be correlation between at least two of the lines. The 
observed level of correlation is similar to what would be displayed, were there to 
be a 50% correlation between each of the lines. It could be that two of the lines 
exhibit a stronger than 50% correlation with each other and a weaker than 50% 
correlation with the third line so that the overall results produce values similar to 
what would exist at the 50% correlation level. 

4. The proper reserve to book, assuming the 50% correlation is correct, is $4.75 
billion. 

Some level of correlation between at least two of the lines is indicated by the 
bootstrapped results. This is valuable information to know, even beyond the range of 
reserves indicated by the bootstrap methodology. With this information, company 
management can assess prospective underwriting strategies that recognize the 
interrelated nature of these lines of business, such as how much additional capital might 
be required to protect against adverse deviation. If the lines were uncorrelated, future 
adverse deviation in one line would not necessarily be reflected in the other lines. With 
the information at hand, it would be inappropriate to assume that adverse deviation in 
one line will not be mirrored by adverse deviation in one or both of the other lines. 
Continuing with this thought, the bootstrapped results would have been valuable even if 
they had shown there to be little or no correlation between the lines - because then 
company management could comfortably assume independence between the lines of 
business and make their strategic decisions accordingly. 

V. Summary and conclusions 

Let us move beyond the numbers of the case study to summarize what we feel to be the 
important general conclusions that can be drawn. To begin, calculating an aggregate 
reserve distribution for several lines of business requires not only a model for the 
distribution of reserves for each individual line of business, but also an understanding of 
the dependency of the reserve amounts between each of the lines of business. To get 
a feel for the impact of these dependencies on the aggregate distribution, we have 
proposed two different methods. One can use a rank correlation approach with 
correlation parameters estimated externally. However, this approach requires either 
calculating correlations using a method such as has been proposed by Brehm (2002) or 
by judgmentally developing a correlation matrix. Alternatively, one can use a bootstrap 
method that relies on the existing dependencies in the historic data triangles. This 
requires no external calibration, but may be less transparent in providing an 
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understanding of the data. It also limits the calculations to reflecting only those 
relationships that have existed in the past in the projection of reserve indications. 

Furthermore, it would appear that the correlation issue is not important for lines of 
business with non-volatile reserve ranges. However for volatile reserves, the impact of 
correlations between could be significant, particularly as one moves towards more 
extreme ends of the reserve range. If so, either correlation approach can provide 
actuaries with a way of quantifying the effect of correlations on the aggregate reserve 
range. Overall, the use of stochastic techniques adds value as such techniques can not 
only assess the volatility of reserves, but can also identify the significance of 
correlations between lines of business in a more rigorous manner than is possible with 
traditional techniques. 

To conclude, we believe that stochastic quantification of reserve ranges, with or without 
an analysis of correlations between lines of business, is a valuable extension of current 
actuarial practice. Regulations such as those recently promulgated by APRA will 
accelerate the general usage of stochastic techniques in reserve analysis. An 
accompanying benefit to the use of stochastic reserving techniques is the ability to 
quantify the effects of correlations between lines of business on overall reserve ranges. 
This will help actuaries and company management to better understand how variable 
reserve development might be, both by line and in the aggregate, allowing companies to 
make better-informed decisions on the booking of reserves and the amount of capital 
that must be deployed to protect the company against adverse reserve development. 
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A p p e n d i x  I: D a t a  s e t s  

The data used in this case study is fictional. It describes three lines of business, two 
long tail and one short tail. All three produce approximately the same mean reserve 
indication, but with varying degrees of volatility around their respective means. The 
data triangles are shown in Table 11 to Table 13 below. The data is all in the format of 
incremental paid losses, with all dollar amounts in thousands 

Table 11 - Line 1 (derived from Commercial Automobile business) 

|~: 20.513 78.579 65.886 57.537 59.293 ~" 338 10815 7.81" ~ ~ 
2 13.847 39.035 39.375 29.884 32 754 10.298 6 276 6924 3.835 
3 !5.785 49.135 42.672 27 920 36.399 27.828 9 596 6.781 0 
4 20.784 62.266 47,120 59.331 41 672 20 726 16 790 E 0 

108.531 "'5.103 187 886 90.515 1496~6 86.813 0 0 
I i-* 26,097 59 195 t,786 19.780 22 835 [ ? E ) 
~ i~!~,: 64,819 142,577 100,694 34 304 0 E 0 0 0 

~' 44,065 53,039 8 975 0 0 r 0 0 0 
20.022 39.276 

':~;~;~ ~;: 37 163 0 0 0 } (" } ( 0 

10 
11792 

When calculating ultimate indications from this data set, a tail extrapolation allowing for 
development up to thirty years was included in the calculations. 

Table 1 2 -  Line 2 (derived from Homeowners business) 

!;: 6 7 8 9 10 
6,280 8,400 11,900 9.070 10,140 2,010 80 
4,990 26,540 30,320 5,640 320 290 0 

!,077,950 331,980 53,160 44,020 23,170 15,420 8,990 5,780 0 0 
1,065,310 370,910 52,660 47,320 27,000 12,700 (800) 0 0 0 

5 ' :  1,055,040 372,020 62,250 5!,310 18,T10 16,970 0 0 0 0 
: 1,654,920 413,100 59,920 56,950 38,050 0 0 0 0 0 

~;~ 1,326,870 440,340 129 070 58,860 0 0 0 0 0 0 
"t-~! 
~ '  1,875,230 465,410 96,290 0 0 0 0 0 0 0 
~/~ 1,57z5!0 419,960 0 0 0 0 0 0 0 0 
! 0 [  1,~02,050 0 0 0 0 0 0 0 O 0 

When calculating ultimate indications from this data set, no tail extrapolation was used 
Development was assumed to end at ten years. 
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Table 13 - Line 3 (derived from Workers' Compensation business) 

:}6,212 115.053 140.789 115.705; 111,334. 26,366 20,877. 19,7.88 - _ 6,11[~ 16,618 
1-0,885 139.674 129.071 109.117~ 89.906 43,988 20.551 21.526 18,368 
~0 322 113.355 100.782 61 .491  64.420 40.803 20.580 25 214 O. 0 
38,013 69.213 56.892 75.435 49.984. 29.359 25 466 O. O' 0 
37,810 60.405 85.602 33 .211  53.347 35 643 0 0 0 0 
37,159 67.486 34.465 33 .121 41.478 0 0 0 0 0 
34,415 68,634 34.427 18.653 0 0 0 O. O_ 0 
37,786 40.462 24.049 0 0 0 0 0 0 0 
35,380 73,641 0 O! 0 O. 0 0 01 O 
39,866 0 0 0 0 0 0 0 0 

When calculating ultimate indications from this data set, a tail extrapolation allowing for 
development up to thirty years was included in the calculations. 
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Appendix I1: A step-by-step walkthrough of the bootstrap process 
used for reserve simulation 

Bootstrapping is a technique broadly accepted within the statistical community. It uses 
the noise within the historical data to make implications about both the noise in the 
future and about the parameter uncertainty. Since it uses the historical noise, it is not 
restricted to normal error structures, but rather uses the error structure implicit within the 
historical data. The method used is based upon the approach outlined by England and 
Verrall (1999) and expanded upon by England (2001). We encourage readers who 
want further explanation of the theory or other examples of the methodology to read 
both of these papers. 

The theoretical model to which this bootstrapping technique is compared is a model of 
incremental claims known as an "over-dispersed" Poisson distribution. This model is 
described by Renshaw and Verrall (1998). Using the notation from England (1999), 
incremental claims for origin year i in development yearj  are denoted C 0, we have: 

E[C~ = m~j and Var[C~ = ~E[C# = ~ m e (App2.1) 

Iog(m~ = r/0 (App2.2) 

r h" = c + ~+ #j (App2.3) 

These equations defined a generalized linear model in which the calculated value is 
modeled with a logarithmic link function and the vadance is proportional to the mean. 
The proportionality of the variance to the mean instead of the equality of the variance to 
the mean is the reason the model is described as an "over-dispersed" Poisson. The 
parameter <~ is an unknown scale parameter that is estimated as part of the fitting 
procedure. England (2001) notes that "with certain positivity constraints, predicted 
values and reserve estimates from this model are exactly the same as those from the 
chain ladder model. "7 

The steps undertaken to calculate runoff using the bootstrapping method are: 

1. Begin with a triangle of cumulative historical payments. We will use the data from 
Table 12 - Line 2 (derived from Homeowners business). This is shown in Triangle 
1. 

7 England (2001), p. 3. 
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Triangle 1: Cumulative historical data 

1 2 3 4 5 6 7 8 9 10 I 
1 761.590 1.089.510 1.142.800 £159.080 1.167.480 1.179.380 1.18&450 1.198.590 1.200.600 1.200.680i 

" 784 59() 1,093740 1,157 860~1 192850" 1 219390 1~249,710 1 255350:1 25567(? 1,255 960[ - 
i+i;3 :; 1,b77,950. 1,409,930, 1,463 090 1,507 110- 1,530280! 1,545 70011 554 690 1,560,470 

1-i365~3i0 (4.36-220 + i 4~8&880~1 536,200 1,563200+1,5i5 900 1 575100 . . . . .  ? 
: ~ ,  -1,i)55~64~ i,427,()60:117i89,3-10!1,540,6201 1,559.330 1,576,300 ' : 

6 1654,920 " 2,068,Q20+ 2~127,940 2,184 890 2 222 940 . . . .  
7 1,3.26,870 _, 1.767.210 1,896,280 1,955.140 
8 1,875,230 2340.640 2 . 4 3 6 . 9 3 0  . . . .  
9 1,572,510 1,992,460 
10 1,902,050 

2. Calculate factors based upon historical payments.  The factors calculated are based 
on the cumulat ive chain ladder  method.  The factors are we ighted averages.  

Development Factors 

I %  t 2 3 4 5 6 7 8 9 10 I 
] Av,, e n/a 1.3088 1.0452 1.0288 1.0156 1.0124 1.0041 1.0041 1.0009 1.0001 I 

3. Using the cumulat ive factors calculated in step 2, refit the original payments .  

Most recent  payment  per iod equals most  recent payment  period cumulated 
payments  in the actual data. 

Fitted payments  (accident  year r, ca lendar  year c) all other payment  per iods = 

F i t t e d P a y m e n t (  r , c + 1) ( A p p 2 . 4 )  

C h a i n L a d d e r F a c t o r ( r ,  c + 1) 

The results of  the refitt ing are shown in Tr iangle 2. 
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Triangle 2: Cumulative fitted values 

4. 

1 2 3 4 ,5 6 7 8 9 10 
,i 822 235i 1,076,160: 1,124,783:1 157 1421 1,175,14111 189 716i 1 194,6241 1,199 476 1,200,600i 1,200 680 

2" ' .860,149- i i;i~5,~.82i 'I,!76,64711,210;,~9~:-i122~),3.271 i,2,4435~,~[i,~9170~8 ! i;254,784 1,2_55,960 
!. 1,069,695! 1,400,040! 1,463,298i 1,505,3951 1,528,811!I,547,7721 1,554,158! 1,560,470 
i "4  1:084:109:i:,4i8906 i:483:6i~[1:525,689; i 6~,6442! ~,56&:628iiS-z5 i00 
5 1 089,4i3 !-i 4.~5 845! 1,490,½69[ ~1~5-3:3 i4.#i i~5~6 989 i g76~300 - i 

6 1,555,371 2z035,703 i 2,127,682 i 2,188,893i 2,222,940 
7 . . . . . . . . . . .  1389,272 1818310 t.900466 1,955,140 . . . . .  i - i i i  [ 
8 1,781,437 2,331,583 2,436,930: 
9 1,522,3311 1,992,4601 : i : 

1 0  , " ...... . . . .  - 1,902,050 i ~ i 

For example, the derivation of the row 8, column 2 value of 2,331,583 = the row 8, 
column 3 value of 2,436,930 from Triangle 2 divided by the column 3 average of 
1.0452. The derivation of the row 8, column 1 value of 1,781,437 equals the row 8, 
column 2 value of 2,331,583 from Triangle 2 divided by the column 2 average of 
1.3088. 

Calculate unsealed Pearson residuals. This is the residual definition chosen by 
England and Verrall (1999) as being suitable for a generalized linear model of the 
type described by formulas App2.1 through App2.3. The formula for the Pearson 
residual is given by formula App2.5. The calculated unsealed residuals are shown 
in Triangle 3. 

Pearson Residual(r,c) Actual Payment(r,c)- Fitted Payment(r,c) (App2.5) 
~/Fitted Payment(r, c) 

The values are unsealed in the sense that they do not include the scale parameter 
~). The scale parameter is not needed when performing the bootstrap calculations, 
but it will be needed to incorporate an estimate of process error in the final results. 
The scale parameter will be incorporated into the calculations beginning with Step 
11. 

Triangle 3: Unscaled Pearson Residuals 

1 2 3 4 5 6 7 8 9 
1 -66.88 146.84 21.16 -89.38 -71.55 -22.16 59.40 7592 26.42 
2 -81 47 84.43 58.77 6.19 5620 12207 7.05 -6675 -25.83 
3 7 98 2.84: -40.15 9.37 -1.61 -25.72 32.59 -6.7C 
4 -18 06 62.41 -45.22 22.54 21 22 -4701 -90.39 
5 -32 93 6135 -8.56 4075 -33 27 -16.84 
6 79.82 -9701 -10571 -17.22 21.69 
7 -52.94 1725 163.68 17.90 
8 70.27 -114.24 -27.90 
9 4O 67 -73.18 

10 0.00 

10 
0.00 
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5. 

For example, the derivation of the row 8, column 1 value is: 

1,875,230 - 1,781,437 
Pearson Residual(& 1) = 7 0 . 2 7  

~ , 7 8 1 , 4 3 7  

One adjustment must be made to the unscaled Pearson residuals before they can 
be used in the bootstrap algorithm. This is to adjust the residuals to account for the 
number of degrees of freedom in the original data triangle. This step is done so as 
to allow the estimation variances derived from the bootstrap model to be compared 
to the estimation variances that can be obtained from the over-dispersed Poisson 
generalized linear model. The degree of freedom adjustment is accomplished by 
multiplying each residual by an adjustment factor equal to: 

~ n (App2.6) 
n - p  

where n = number of data points (55 in a 10 x 10 triangle) and 
p = number of parameters being estimated = (2 * number of accident years)- 1 

~/ =!.236. The 
55 

The degrees of freedom adjustment for this data triangle = 55-19 

adjusted residuals are shown in Triangle 4. 

Triangle 4: Unsealed Pearson Residuals, adjusted for degrees of freedom in original data 
triangle 

~, ] ;~  -82.67 181.50 26.16 -I I0.48 -88,44 -27.38 73,42 93.83 32.66 

~:_ :~#;~ # : f i '  --i~.891T7718 (/2-6.23-i-- :58-:i~-~ 2:,~i:7~i-- -- [_ i -  _i~" 
-40.70', 75.83: _ . . . . . . . . . . .  -10.58'. 50.361 -41.12~ -20.821 I ' ', 

, .0,,, 2,.33,202 , 22 3: i i i ! 
;8 .86.86!_._-141..212 ~.;34.49 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
:9: 50.271 -90.46 i 

0.00 

2 4 0  



6. Randomly select from the adjusted Pearson residuals, excluding the cells in the top 
right and bottom left, as these will always be 0. An example of one possible random 
selection of residuals is shown in Triangle 5. 

Triangle 5: One possible random selection of residuals 

i 50.27i -55.89i -119.91', -31.93i -1.99: -31.931 86.861 -49.62', -22.32 L 69.46 
: 5 8 ~ i ~  . . . . .  ~87 i  : l i ~91~ - -q -a i~1 ! - - -  :~-6:f6~ . . . .  -8.72~ --:82~5-~i . . . . .  -~:~f~ . . . . .  ff~T4~ . . . . . . . . . .  

4 -31.93: 21.33: 75.83~ 69.46: 21.33: -65.44: -130.65', ', L 

s . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  i -  T ....... ! .......... -111.73! 7.65[ 8.721 -31.931 -31.931 
7 32.66~ -41.12 -119.91t 150.89; '. ', I ; L 

2 2 . i ~ - - - . ~ 2 7 : 3 8 i  - 69.46i - - - i  . . . . . . . . .  i . . . . . . . .  ~ - ! . . . . . . . . . . .  T . . . . . . . . . . .  i . . . . .  
: 9 -100.70 75.83 ! ! ! '~ ', ] ~ L 

7. Calculate a "false history" based on the randomly selected residuals from step 6. 

False History(r, c) = Random Residual(r, c) * ~/ Fitted Payment(r, c) + Fitted Payment(r, c) 

Triangle 6: False history based on random residuals in Triangle 5 

(App2.7) 

'[ _ 867 ,818  275_,7_59~.._._22,!8_3L___?6_,6L5L__17,732!_ _!0,720'~___j_0_~9~, ..... !,395! . . . . .  3_7_6_[ ...... 79_1 
2 _ 806,259~__.270,717i..._2_3,8_2_3i__ 7 ,870 ,  _ 13,244 i _ !&323j~ ...... {7_7_8)~ . . . . .  8_,_657_i - 3,821i . . . . . . . . . . .  
:3 ! , 177 ,6~ . .  _332.,:366_ 5 . 5 t 2 2 6  33,746 i 18,138i___ 21z898 ! . . . . . .  5,_5_4C)_, -12,337~ . . . . . . . . . . . . . . . .  
4 1,050,861 ~ 347,137' 83,310L._ 57~0!24~ 27,0!_7i __ 1_0,145 k (4~039)~ . . . . . . . . . . .  ! . . . . . . . . . .  r . . . . .  
5 1,187,350 338,4731 110,4921 37,2031 22,213i 13,5961 , , 

1427768 402103 47787 899551 ', ', i ', 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . .  i . . . . .  ~ . . . . . . .  T . . . . . . . . . . .  r . . . . . . .  . 8 ,  1,810,969! 529,835[ 127,8921 
9 1,398,085] 522,125 i i ] I L 

An example of a false history is shown in Triangle 6, using the residuals shown in 
Triangle 5. For example, the derivation of the row 8, column 1 value is: 
False History(& 1) = 1,906, 677 = 93.83 * ~ ,  781,437 + 1,781,437 

241 



8. Recalculate the weighed average cumulative chain ladder factors using cumulated 
false history from Triangle 6. 

Development Factors from false history in Triangle 6 

• -  ? t: 3 5 6 7 8 9 10 
,~X~', n/a i 1.310 i 1.045 1•028 1.014 1.010 1•002 1.006 i 1.002 [ 1.001 

9. Use the projection ratios from Step 8 to square the triangle from Step 7 using the 
traditional cumulative chain ladder method, as is shown in Triangle 7. 

Triangle 7: Squaring the false history triangle 

4 5 6 7 8 9 10 
~1 " 867,818' 1,093,577 1,115,760 1,142,375 1.160•107 1•170.827 1181 821 1.183.2161183.592 1.184.293 
"2 "  806,25~ 1.076,97711,100,80011,!08,6701 1.121,9141 1,138.237~ 1 137,459 ' 1.146.116 ~ 1 . 1 4 9 . 9 3 8 ~  
~,~ . 1,177,634 1,510,000: 1,565,226' 1,598,972 1,617,110 1,639,008 1,644,548 1,656,885~ 1659 871 1 660 854 

~ 1,187,350', 1,525,824 1,636,315 1,673,518 1 , 6 9 5 , 7 3 2 ~  1 712 954 1 72,629~ 1.725.733 1 726 756 
~ '~} ;  -1.4i6.03~ 1.90-1,67()i 1,996,292' 2 , 0 4 9 , 6 0 2 ~  2 103 30': 2 115 181 2 118 992' 2120 248 
: i  ~7, ." 1.427,768 1.829,872:'-1,877'1659 1 . 9 6 7 , 6 1 4 ~  2 015 182 2 019.457' 2 030864 2 034523' 2,C35.728 

' a" :  1-,810,969" 2.340,804 '~ 2,468,6951 2.538 749 2 579,996 ~ 2 6oo 124 2.605 630 2 620,35/, 2,~25 0.9 2626 634 
' i-,398,085 1,920,20912.005844 2062763.2091.401'2112631 2!17112 2129,071 2132 907 2134,171 
.1(~ 2,003,312[2.624319 2,741354 2819144,2.858284 2887298 2.893423 2909766 2915009 2916737 

To the left of the heavy black line is the false history data from Triangle 6, to the right 
is the squaring of the false history data using the link ratios from Step 8. 

At this point, the bootstrapping methodology has quantified a measure of the estimation 
error, but not the process variance. In order to obtain the full prediction error, a 
measure of process variance must be included in the simulation process. To 
incorporate process variance in the calculations, England proposes the simulation of 
incremental payments from a series of Gamma distributions• Each projected 
incremental payment is assumed to have its own Gamma distribution with mean equal 
to the incremental projected payments that can be derived from Step 9. The variance is 
equal to the incremental projected payment multiplied by the scale parameter ¢ that was 
previously mentioned in Step 4. As a practical measure we have extended this method 
to allow negative incrementals by modeling the absolute incremental projected payment 
with the Gamma, and then applying the appropriate sign. 
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10. Calculate incremental projected payments from the squared triangle. The absolute 
values of these incremental projected payment amounts will be used as the mean 
values in each Gamma distribution. 

Triangle 8: Calculating incremental projected payments from the squared triangle 

' 1 "  2 3 5 6 7 8 "  9 1 ! 0  

. . . . . . . . . . . . . . . . .  i -  i ~ i ! ~ 
3 -  . . . . . . . .  : . . . . .  i~ : ~ ! ~ : 

i i i I 2,9861 98,2 

6 . . . .  I -~! 091 4 '452 i  1!,ff8!,,_ 3~8!].I __1.,2.5~ 
7 27,318i 20,250} 4,2751 11,4071 3,659! 1,20! 
" . . . . . . . . . . . . .  :: I 70 053 35,247i-26i28[  51515] i 4 1 7 i 8 [ - 4 , 7 2 2 [ - i  55i 

: I 8 5 , 6 3 4  d6:;i; 25,;;;i 2(~;0 4:45i - i l , ; ; 9 ~ ,  -3:S;e-i -G;4 
] ' i ; ~ 0  6210071117035 777901 391401 29014', 61251 16344i 52431 1727 

11. Calculate the scale parameter 4. The scale parameter is estimated as the Pearson 
chi-squared statistic divided by the degrees of freedom. The Pearson chi-squared 
statistic is equal to the sum of the squares of the unscaled Pearson residuals that 
were calculated in Step 4. The degrees of freedom equal n - p, where n and p were 
calculated in Step 5. The scale parameter is the same for all projected incremental 
payment periods. 

For the example shown here, the sum of the squares of the unscaled Pearson 
residuals from Triangle 3 equals 203,397, and the degrees of freedom equals (55 - 
19), or 36. The scale parameter ¢ = 5,650. 
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12. For each incremental future payment, draw a random sample from a Gamma 
distribution whose mean is equal to the absolute value of the incremental payment 
calculated in Step 10 and whose variance equals the product of ¢ (as calculated in 
Step 11) and the absolute value of the incremental payment calculated in Step 10. 
Set the sign of the random sample so as to be the same as the original incremental 
payment calculated in Step 10. 

Triangle 9: One possible example of random draws from Gamma distributions to simulate 
payments that include process error as well as parameter error 

1 

2 

3 

4 

5 

6 

7 
8 

9 

10 

I 2 3 4 

I 
55.382 34.696 

I 98 708 77.614 34.395 

624.837 136.808 80,000 63.599 

5 6 7 8 9 10 

] _ 95 2.3 
I 5,961: ~s3 i 837 

I 3,853 3,621 2,558 59c 
I "" 919 2,636 38 5 9 4  2,461 9E 

32.75( 6.270 10,,'.}71 17,807 3 , 4 7 2  
19754 3,525 12,698[ 1,055 1,674 
20 533 4.794 190 1,214 

30.370 217 20,878 1,773! 9,11 

In this example, the value for row 9, column 3 was drawn from a Gamma distribution 
with a mean of 85,634 and a variance equal to 5,650 * 85,634. The value for row 
10, column 3 was drawn from a Gamma distribution with a mean of 117,035 and a 
variance equal to 5,650 * 117,035. 

13. Sum the incremental future payments calculated in Step 12 to arrive at the final 
reserve estimate for this particular simulation. In the example shown in Triangle 9, 
this equals 1,478,376. 

14. Repeat steps 5 through 12 N times, producing a different simulated reserve 
indication each time. At the end of the N simulations, examine the resulting 
distribution of reserves to arrive at the overall reserve range and reserve indications 
at different percentiles. 
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Results from 5,000 simulations 

Mean 
Standard Deviation 

Minimum 
Maximum 

1% lie 
5% ile 
10% ile 
20% lie 
30% lie 
40% ile 
50% ile 
60% lie 
70% lie 
80% lie 
90% lie 
95% lie 
99% ile 

Indicated reserve, based on squaring the original data triangle 

1,425,665 
136,233 

970,631 
2,055,375 

1,125,108 
1,206,925 
1,253,563 
1,308,459 
1,353,153 
1,389,518 
1,424,384 
1,457,631 
1,492,174 
1,535,347 
1,596,733 
1,656,242 
1,760,099 

1,416,460 
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Management's Best Estimate of Loss Reserves 

Rodney Kreps 
Guy Carpenter Irmtrat 

Abstract 
An economically rational way for management to set reserve estimates is to utilize the 
future change in the value of  the company as a statistical decision function and then to 
choose the reserve estimate so as to minimize the average value o f  this function. The 
mean of  the reserve distribution is almost surely too low as an outcome. 

Introduction 

Management is required ~ to provide abes t  estimate o f  loss reserves. In the opinion of  
this author, actuarial practices 2 strongly suggest the estimate be the mean value o f  the 
distribution o f  loss reserves. It will be argued that the problem o f  the estimate is best 
approached by statistical decision theory, and that all the usual statistical estimates can be 
produced in such a fashion. Further, there is an economic basis for choosing a decision 
function, which then determines the estimate. Desirable characteristics for a decision 
function are discussed, and a candidate function is proposed. A simplified example and a 
spreadsheet are provided. One general conclusion that emerges is that the mean is 
probably not a good estimate, as it is almost surely low. 

Statement of Statutory Accounting Principles 
The SSAP #55 effective January 1, 2001 says 3 in part "For each line o f  business and for 
all lines of  business in the aggregate management shall record its best estimate of  its 
liabilities . . ." and "Management 's  analysis o f  the reasonableness o f . . .  reserve estimates 
shall include an analysis o f  the amount of  variability in the estimate." Not to put too 
much into a single word, but please note that it is "in the estimate" rather than "of  the 
estimate." The author believes that actuaries have tended to place too much attention on 
the differences between different estimates and not enough on the variability of  actual 
results. 

SSAP 55 goes on to say "Management 's  range [of estimates] shall be realistic and, 
therefore, shall not include the set o f  all possible outcomes but only those outcomes that 

i statutory Statement of Accounting Principles #55 effective January 1, 2001 
2 ASOP # 36, especially section 3.6.3 
3 This and subsequent quotes in this section are taken from SSAP 55, page 55-6, sections l0 and 11. 
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are considered reasonable." In other words, weight scenarios by their probabilities: use a 
distribution. But how? 

In the next section SSAP 55 says that in the case of a range with all values equally likely, 
choose the middle of  the range; but if  the equally likely values do not form a range 
"management should determine its best estimate of the liability." Again, there is not a lot 
of help here on how to actually do it. Let us see what the actuaries have to say. 

Actuarial Standard of Practice 
&SOP 36 - Statements of Actuarial Opinion Regarding Property/Casualty Loss and Loss 
Adjustment Expense Reserves - has quite a bit to say about reserves and uncertainty. We 
will assume that the hard work of  evaluating trends, court climates, and other sources of  
both process and parameter uncertainty has been done and that we have a best candidate 
loss reserve distribution which includes all the outcomes and best estimates of  their 
probabilities. 

This is, of course, a major assumption seldom made explicit in practice but often used 
implicitly. For example, section 3.6.3 is entitled "Expected Value Estimate" and says "In 
evaluating the reasonableness of reserves, the actuary should consider one or more 
expected value estimates of the reserves, except when such estimates cannot be made 
based on available data and reasonable assumptions." Expected value, apart from the fact 
that you never actually expect to see it happen, is the mean of  a distribution. So "one or 
more expected value estimates" is saying "find different ways of  getting the mean of  our 
unknown but implicitly present distribution." 

The same section goes on to say "Other statistical values such as the mode (most likely 
value) or the median (50 th percentile) may not be appropriate measures for evaluating loss 
and loss adjustment expense reserves, such as when the expected value estimates can be 
significantly greater than these other estimates." Here the author sees the innate, 
carefully cultivated, and experientally substantiated conservatism of  the actuaries 
expressed as "Let's go for the higher value." Curiously enough, this paper will argue that 
the mean itself is too low. 

The section continues "The actuary may use various methods or assumptions to arrive at 
expected value estimates. In arriving at such expected value estimates, it is not necessary 
to estimate or determine the range of all possible values, nor the probabilities associated 
with any particular values." So, although ASOP wants mean value estimates, it does not 
want a distribution. Most of the techniques for doing reserve estimates, even including 
those which are used for sparse or missing data, have an underlying statistical model and 
an implied distribution. We are invited to use the models and forget the distributions. 

The next section 3.6.4 is entitled "Range of Reasonable Reserve Estimates." It begins 
"The actuary may determine a range of reasonable reserve estimates that reflects the 
uncertainties associated with-analyzing the reserves. A range of reasonable estimates is a 
range of estimates that could be produced by appropriate actuarial methods or alternative 

J 
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sets of assumptions that the actuary judges to be reasonable." Clearly, something like 
this needs to be in the ASOP in order to give the actuary room not to be foreed by a 
formula. This is saying, look at least implicitly at several reasonable distributions 
(alternatively, models), get the mean from each one, and make a weighted choice. The 
author would prefer that the judgment calls be in the creation of the best predictive 
distribution. For example, if  there are two equally valid distributions, weight them 
equally. The mean will be the average of the individual means. Of course, this does 
require going from no distributions to three. 

This same section continues "The actuary may include risk margins in a range of 
reasonable estimates, but is not required to do so, except as required by ASOP No. 20. A 
range of reasonable estimates, however, usually does not represent the range of all 
possible outcomes." So, while allowing that there really is a distribution with outcomes 
of differing probabilities, the ASOP wants to make sure that the reserve estimate is well 
inside the range while not giving any guidance on how to get to a risk margin or what 
might be appropriate. Presumably, the margin should be for the risk that there will be, in 
the words of section 3.3.3, an "amount of adverse deviation that the actuary judges to be 
material with respect to the statement of actuarial opinion.." Unless the distribution is 
very narrow, this seems quite likely to be the case. 

Section 3.6.5 on "Adverse Deviation" makes the same point, but does not suggest a risk 
margin. It only says "The actuary should consider whether the future paid amounts are 
subject to significant risks and uncertainties that could result in a material adverse 
deviation." Section 4.6(g) says that it is up to the actuary to include mention of this in the 
report. In addition, section 4.8 says "An actuary must be prepared to justify the use of 
any procedures that depart materially from those set forth in this standard and must 
include, in any actuarial communication disclosing the results of the procedures, an 
appropriate statement with respect to the nature, rationale, and effect of  such departures." 
Perhaps this justification could be "and I plunked down another 35% because this line is 
all over the place." 

The author's sense of the ASOP writing on uncertainty is that it gives management some 
idea of how much wiggle room there is in the creation of management's best estimate, at 
least according to the actuaries. But none of this actually gives an economic basis for 
how the estimate should be made. 

Statistical Decision Theory- the short version 
An economic basis for the creation of an estimate needs a way to combine a probability 
distribution of outcomes with an economic function describing the pain that will be felt 
when the realized random outcome differs from the estimate. The simplest recipe is to go 
for Least Pain, as follows: 

(1) Create a pain function based on economic reality. This function will be the economic 
decision function which will drive the results. "Pain function" actually is the technical 
term because this function is meant to represent how unpleasant adverse outcomes of 
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various sorts may be. This function will depend on the estimate and the random variable 
representing possible outcomes. Typically it will be zero when random outcome and 
estimate are equal. 

(2) Average the pain function over the probability distribution of outcomes for every 
fixed estimate. 

(3) Find the value of your estimate which makes the average pain smallest. 

It is easy enough to see that such a prescription satisfies SSAP 55, and that the 
description of the pain function represents management's logic in creating the estimate. 

The context is in hand is setting the reserves and then a year later making adjustments for 
development on old years. More precisely, we assume that the assessment a year later is 
"correct" and represents a random realization of  the underlying distribution. 

What we will show next is that all the usual estimates can be represented as being derived 
from pain functions. The comparison of pain functions gives us a way to speak about the 
relevance of the estimates in a business and economic context. Pain functions can be 
thought of as negative utility functions. 

Following that we will argue for the general characteristics of a pain function for loss 
reserving. 

Mathematical Representation of the recipe 
The general case is that we have a probability density function f(x) with support from 0 to 
infinity. We also have a pain function p(m,x) which is a function of the estimate m and 
the random variable x. We denote the average ofp  over fas  P(m): 

e 0  

P ( m )  = = 
0 

It is reasonable to ask that the integral exists, and that p >= 0 everywhere. We want m to 
be such that P(m) is the smallest, so we choose the value for m which makes 

O= ~m P(m)= )~-~ P(m,x)f (x)d-x 

Sometimes in practice p will be discontinuous at x = m. In that case define 
Sp.(m ,x) for x < m 

p(m 
[p+(m ,x) forx >m 

which makes 

" . ~ r~p÷(m ,x) dP(m) _ fSp.(m ,x) f(x)dx -~ 2 cTm f(x)dx 
dm o J 8m 

+p_(m,m)-p+(m,m) 
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Usually the last difference is zero and in fact the individual terms are usually zero. 

Notice that the scale and absolute value of P(m) do not enter into the calculation for m. 
You can add a constant and multiply by any constant and m does not change. The pain 
functions giv'en are the only ones known to the author which give the usual statistics for 
all distributions. 

Example: the mean 
For the mean, the pain function is a quadratic about the estimate: 

p(m,x )=(m-x )  2 
The average pain is 

00 

P(x) = ~(m-x)2 f (x )dx  
o 

In this particular case, we can do the integrals in terms o f  the mean and variance o f  the 
distribution: 

oo 

P ( m ) =  S(m 2 -2rex + x2) f (x )dx  
o 

= m 2 - -  2m * mean + (Var + mean 2) 

= Z a r  + ( m  - mean) 2 
As a function of m, this clearly has a minimum when m equals the mean of the 
distribution. 

At this point, we should pause and ask ourselves "Why do I want a quadratic decision 
function? What is so good about squared dollars?" The symmetry of  the pain function 
about the estimate implies that for the reserves to come in lower than our estimate is as 
bad as having them come in higher. The quadratic form implies that two dollars low is 
four times as bad as one dollar low. 

Example: the median 
For the median, the pain function is linear about the estimate with equal slope on both 
sides, and with a discontinuity in the derivative at x = m: 

p(m,x)=abs(m- x) 

= { m - x  forx <m 

x - m  forx >m 

Although this function is still symmetric about the estimate, it says that it is dollars, 
rather than squared dollars, that are of interest; and that two dollars offis  only twice as 
bad as one dollar off. This has some plausibility. 

For the evaluation, the partial derivative is 
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Dp(m ,x) ={ 11 for x < m  
8m - for x>ra 

So the equation to be solved for m is 
"r 

o = j f(x)dx f(x)dx 
0 m 

where F(x) is the cumulative distribution function. This requires 

F ( m ) = y  2 

That is to say, m is the median. 

Example: the fixed percentile 
For an arbitrary fixed percentile, the pain function is linear about the estimate, but with 
different slopes on the high and low side: 

m-x  forx <m 

p(ra,x)= a(x-m) forx ~m 

Again it is dollars that are of interest but here it is a factor ofct worse for x to be high 
rather than low. Take ct to be some constant, say 3. 

For the evaluation, the partial derivative is 
8p(m,x) {1  a f o r x < m  

Drn - for x>m 

So the equation to be solved for m is 

o =  f(x)dx-  af(x)dx 
0 m 

= F(m)-ot[1- F(m)] 
where again F(x) is the cumulative distribution function. This requires 

~'(m) = 
ot+l 

That is to say, m is the ct/[3 ct +1 percentile value. For ct = 3, this is the 75th percentile. 

It will be argued that a decision function that gives more weight to the high side than the 
low is desirable for loss reserving. It is usually worse to come in above your estimate 
than below it. 

Example: the mode 
Here the decision function is one outside of some (preferably small) interval around the 
estimate, and zero within it. The economic interpretation of this decision function is that 
for the reserves to come in outside of this interval is equally bad no matter where it 
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happens. This means that high or low, just outside or very far away are all the same. 
This does not seem reasonable. On the other hand, this will provide the single best guess 
for an interval of given size to contain the result. 
The pain function is 

f o r x : . ,  

p(m ,x) = for m - e  < x < m + e  

forx > m + z  

and 2~ is the size of the interval. The average pain is the probability that the random 
variable is realized outside of  the interval: 

P(m) = F(m -z)+ [I-F(,. +~)] 
Setting the derivative to zero, 

df o = : ( m -  : ( 'n  + 
dm 

For small interval, this says that the density function is a maximum at m. That is, m is 
the mode. 

Fundamental considerations 
It is clear that all of  the usual estimates can be phrased as resulting from a particular 
choice of decision function and that infinitely many decision functions are possible. 
What is needed is to construct the decision function from the economic or other forces 
which impact the entity setting the reserve levels. This will be the appropriate decision 
function. 

One possibility is a purely subjective estimate of how, say, the CFO feels about various 
sizes of  future difference of reserves from the stated estimate. Slightly better would be 
to use the reserves committee as input, in a Delphi method. 

Another possibility is to examine the fundamental economic consequences which result 
from the reserves (at least as appearing in next year's Annual Statement) coming in 
different from the reserve level which is currently set. A good candidate for the decision 
function is the decrease  in the net economic  worth of  the company  as a result of the 
reserve changes. While estimates of this may involve subjective judgments, at least 
something of definite and measurable economic value is being considered. 

Interested parties who may affect the economic value of  the company include 
policyholders, stockholders, agents, regulators, rating agencies, ILLS, investment analysts, 
and lending institutions. 

If the reserves come in slightly higher than the estimate, there perhaps is not much market 
reaction. The industry as a whole has had the reputation of being under-reserved. It may 
also be that some managements will like being slightly under-reserved because then they 
are able to have overstated earnings the previous year. However, if  the increase in 
reserve levels is significant enough that surplus is siguifieantly impacted then a number 
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of effects come into play: The capacity to write business is impaired; the firm's credit 
rating may become impaired, increasing the cost of capital; rating agencies, investor 
analysts, and the IRS become more concerned; future renewals (the "goodwill" of the 
firm) become more problematical. And if the change is large enough then IRIS tests 
begin to be triggered and regulatory authorities are involved, which definitely will 
decrease the value of the firm. The economic consequences would seem to be rapid and 
non-linear in the reserve increase. 

On the other hand suppose the reserves come in significanOy below the estimate. This 
means that the company has been over-reserved and consequently + is less competitive 
than it could have been; that the IRS has ammunition for its audit; that dividends could 
have been larger; participatory plans could have been more generous; that there is a 
danger of losing future business from over-pricing. These effects would seem to be less 
immediately significant than the results from under-reserving, at least in the short tenn. 

Each of these situations will generate a negative effect on the net worth of the company 
compared to its value if  the reserves came in as stated. However, intuition suggests that 
the effect will be much stronger on the under-reserving side than on the over-reserving 
side, and will be non-linear, especially as particular analyst, rating agency, and regulatory 
tests reach trigger points. 
The immediate consequence is that a symmetric pain function such as that for the mean 
would be over-estimating the negative impact of  reserve decreases and consequently the 
estimate is intrinsically too low. 

An approximation to the correct function 
As a crude approximation which has some of the properties just suggested, consider a 
decision function which is quadratic around the estimator but linear (using the tangent to 
the parabola) at some value below it. Call it "semi-quadratic." This function is 
mathematically well-behaved, as the value and the first derivative are both continuous. 
This function will also satisfy that being high (in the outcome) is never better than being 
low and that the high side is quadratic while the low side is linear. The choice of distance 
below determines the slope of  the line; the closer it is to the estimator the smaller the 
slope. 

We make the decision function have the dimensions of dollars to mimic the economic 
value. S is the company surplus, since that is the appropriate scale for many tests. 

The decision function is 

[ 2 ( m - x ) - a S  

P(m ,x) - l ( x - / )2  

[ aS  

forx < m - a S  

furx ~ m -a tS  

4 Assuming that the pricing and reserving actuaries actually talk with each other 
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The parameter a is dimensionless and reflects management attitude. The pain is equal to 
aS when the outcome is aS  above or below the estimator. A small a reflects a relatively 
low pain for over-reserving and conversely a higher pain for under-reserving. 

An ct of 3% is used below, which says that a reserve change of  3% of  surplus downward 
is the same pain as the same change upward. However, 10% under-reserved is about 
twice as bad as 10% over-reserved; 20% under-reserved is about 3.6 times as bad as 20% 
over-reserved. Again, as a gets smaller management is less tolerant of under-reserving. 

The partial derivative is 

-2 forx < m - a S  
6~P(m 'x) = 2 ( x - m )  

(gin • for x _> m - aS  
aS 

and the equation to be solved is 
m-aS ,o 

0 = - I  f ( x ) d x + 4  f (x-m)f(x)dx 
0 a ~  m..-~$ 

Or, F ( m - o t S ) = - - ~ { [ m e a n - F l ( m - a S ) ] - m [ 1 - F ( m - a S ) ]  } 

Where Fl(x) is the integral ofxf(x) - the first moment distribution. 

In order to work entirely with dimensionless variables, it is convenient to measure the 
estimate and the mean in units of surplus. Then the above equation holds with S = 1. 

Just to make explicit the kind of results that might be seen, as an example take F(x) to be 
a lognormal distribution with known mean and coefficient of  variation e. Both F(x) and 
F t (x) can be explicitly calculated in terms of the normal distribution function 

1 *t "2 
N(X) =-- ~ le'--idz: 

4 2 z  _® J 

0-  = 0 -2 with the usual ~ and /t = hi(mean) - ~ . 

For a company which has a mean reserve to surplus ratio of 3.5 with a coefficient of 
variation in the reserves of 10%, an a of 3% results in setting the reserve estimator at 
11.5% above the mean. This estimator is at about the 87.2% level of  the reserve CDF. 
See the accompanying worksheet SemiQuadraticExample.xls for details and other values 
ofa .  
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Why bother? 
Almost everything actuarial that goes into actually setting reserves is assumed in this 
discussion. In particular, the explicit existence of  a distribution is problematical. Not 
impossible, just  hard. 

In many companies the current reserve-setting process probably already done on a least- 
pain basis. However, the pain is not future pain but present pain. Reserves are set with 
an eye on what was set in the past and on current analyst expectations. The reserve 
committee is always playing catch-up. The procedure discussed here assumes that the 
reserves are set on old years (how the random variable comes in) with no concern for 
current politics - clearly a naive assumption. 

Also, the author is not aware of  a line of  business decision function that would make 
sense. Perhaps some o f  the capital allocation methodologies could be helpful. 

Similarly, no one actually knows how the value of  the company will decrease; but 
experienced players have some sense of  it. There have been enough examples in the last 
few years to show that reserve changes can have siguifieant impact. It is also clear that 
what may impact a given company's  pain function may be quite different from another's, 
and that the emphasis may very well change from year to year. Allowing this would be a 
problem for regulators. 

Still, it would be a useful exercise for the reserve committee at a company to get together 
and try to build, even crudely, their pain function for the year. They could perhaps begin 
with some standardized event (lose 10% of  surplus) which has enough pain to work as a 
comparison with other possibilities, and then fill out both the high and low sides at a 
convenient and realistic set of  values 5. Then they could ask the actuary to do the 
numerical calculation for the estimate, and have a much better idea of  what  the increase 
in average pain would be from using an estimator not at the minimum if  they choose to 
do so. And, in the process they would come to be able to explain how they arrived at 
their estimate. Another interesting exercise 6 would be to put the management incentive 
plan as an input to the pain function. 

All of  this makes reserving by formula (e.g., use the mean) impossible. But it really is, 
anyway. 

5 For example, let loss 10% of surplus = 1 pain unit then make up the rest: lose 25% = 10; lose 20% = 8; 
lose 15% = 3; lose 5% = 0.5; lose 0 = 0; gain 5% = 0; gain 10°/0 = 0.5; gain 15% = 1; gain 200/0 = 2. 

This is probably implicitly happening already. 
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C o n s i d e r a t i o n s  R e g a r d i n g  M a t e r i a l i t y  a n d  R a n g e  o f  R e s e r v e s  

I n  C o n n e c t i o n  W i t h  A c t u a r i a l  S t a n d a r d  o f  P r a c t i c e  # 36 

Abstract 

The Actuarial Standard of Practice No. 36 has highlighted several issues which have been 

implicitly cons/dared by property/casualty actuaries for years. For the first time, the types 

of statements of actuarial opinion have been standardized and listed for categorization by 

property/casualty actuaries. However, many other areas which the actuary needs to be 

familiar with are not documented in standard actuarial literature. This paper examines the 

interrelationship of materiality and range of reasonable reserves. Some common rules of 

thumb are formulated in regards to the range of reasonable reserve estimates. Accounting 

literature, such as The American Institute of Certified Public Accountants ("AICPA") 

Protessional Standards and the Security Exchange Commis~/on Staff Accounting Bulletins, 

are referenced in order to provide the actuary some reference materials while issuing 

opinions. In addition, some practical considerations regarding necessary work steps needed 

to issue a statement of actuarial opinion are outlined. 
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Introduction 

The Actuarial Standard of Practice No. 36 has highlighted several issues which have been 

implicitly considered by property/casualty actuaries for years. For tbe first time, the types of 

statements of actuarial opinion ("SAO") have been standardized and listed for categorization by 

property/casualty actuaries. However, many other areas which the actuary needs to be familiar 

with are not docun~nted in standard actuarial literature. This paper examines the 

interrelationship of materiality and range of reasonable reserves. Some common rules of thumb 

are formulated in regards to the range of reasonable reserve estimates. Accounting literature, 

such as American Institute of Certified Public Accountants ("AICPA") AICPA Professional 

Standards and the Sectwity Exchange Commission Staff Accounting Bulletins, are referenced in 

order to provide the actuary some reference materials while issuing opinions. In addition, some 

practical considerations regarding necessary work steps needed to issue a statement of actuarial 

opinion are outlined. 

I. Actuarial Standards of Practice 

Actuarial Standards of Practice are promulgated by the American Academy of Actuaries' 

Actuarial Standards Board ("ASB"). In the Preface to Actuarial Standards of Practice, it is stated 

that the ASB is provided with the sole discretion of promulgating actuarial standards of practice. 

The objectives of the ASB include direction, management, exposition and promulgation of 

actuarial standards of practice by its operating committees, and to provide continuous reviews of 

existing standards of practice. 

Since 1990, the National Association of Insurance Commissioners ("NAIC') requires that for 

most property casualty insurers (with some minor exceptions) a statement of opinion be signed by 
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a qualified actuary, as outlined in the NAIC Instructions for Completing the statutory 

Property/Casualty Annual Statement blank. This statement contains an opinion expressed by a 

qualified actuary regarding the reasonableness of  the carried statutory loss and loss adjustment 

expense reserves as shown in the statutory annual statement blank. The focus of this paper is in 

regards to the NAIC required opinions for statutory purposes. 

There arc numerous other situations which require statements of  actuarial opinion, some of which 

are: 

• Through December 31, 2001, the state of Minnesota statutory insurance laws 

triennially require an independent actuary to opine on the reasonableness of the 

carded loss and loss adjustn~nt expense reserves of  non-Minnesota domiciled 

carders. 

• Underwriting pools and associations may require an actuarial opinion regarding the 

carried loss and loss adjustment expense reserves for the benefit of the members of 

the pool. 

• The state of  Vermont requires a statement of actuarial opinion regarding the 

reasonableness of the loss and loss adjustment expense reserves of  Vermont 

domiciled captive insurance companies. 

• The U.S. Department of the Treasury has requested statement of  actuarial opinions 

in connection with insurance companies which write surety bonds. 

The widespread use of these statement of actuarial opinions contributed to the need for additional 

guidance for statements of  actuarial opinion. ASOP36 is the professional standard of practice 

which governs the issuance of these actuarial opinions as well. 
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II. General Overview of Actuarial Standard of Practice #36 ("ASOP36") 

ASOF36 was adopted for written statements of  actuarial opinion with respect to loss and loss 

adjustment expense reserves valued on or after October 15, 2000 (Section 1.4 of ASOP36). 

Several definitions are provided in Section 2 of ASOP36 which can guide the actuary through the 

Standard of Practice. The standard introduced many new requirements. Some of the more 

important new features are 

• a requirement that the actuary evaluate whether there are specific risks and uncertainties 

which could result in material adverse deviation in the loss and loss adjustment expense 

reserves (Section 3.3.3); 

• a requirement that the actuary evaluate materiality in the evaluation of loss and loss 

adjustment expense reserves, with consideration to the intended uses for the statements 

of actuarial opinion (Section 3.4); and 

• specific guidance as to the nature and extent of  disclosures required for statements of 

actuarial opinion. (Section 4). 

HI. Discussion of Three Areas of Interest: Types of ASOP36 

A. Types of Opinions (3.3.2) 

ASOP36 defines five types of statements of actuarial opinion, with conditions for each noted: 

a. Determination of Reasonable Provision 

When the stated reserve amount is within the actuary's range of reasonable 

reserve estimates 
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b. Determination of Deficient or Inadequate Provision 

When the stated reserve amount is less than the minimum amount that the 

actuary believes is reasonable, the actuary should disclose the additional amount 

necessary to equal the minimum amount that the actuary believes is reasonable 

(4.6.d) 

c. Determination of Redundant or Excess Provision 

When the stated reserve amount is greater than the maximum amount that the 

actuary believes is reasonable, the actuary should disclose the amount by which 

the stated amount exceeds the maximum amount that the actuary believes is 

reasonable (4.6.e) 

d. Qualified Opinion 

When the stated reserve amount includes a certain item or items in question 

because they cannot be reasonably estimated or the actuary is unable to render an 

opinion on those items 

An opinion on the liabilities associated with the stated reserve except for the 

qualified item(s) should be rendered in accordance with a. through c. 

If the item(s) are not believed to be material, a qualified opinion is not required 

e. No Opinion 

If no opinion can be reached due to deficiencies in data, analyses, assumptions, 

or related information 
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Comments Regarding Types of Actuarial Opinions and Potential Impact on Actuarial Work 

Processes 

Before the issuance of ASOP36, no binding professional guidance existed for types of actuarial 

opinions. The "Property and Casualty Practice Note" as published by the Committee on Property 

and Liability Financial Reporting ("COPLFR") of the American Academy of Acmuries for the 

past several years provides guidance regarding Statements of Actuarial Opinion for statutory loss 

and loss adjustment expense reserves; however, the practice note "...has not been promulgated by 

the Actuarial Standards Board nor is it binding on any actuary". 

The determination of the reasonable provision, which states that carried reserves must be within a 

reasonable range of reserves (discussed below), introduces precision recently not required. 

Before ASOP36, an actuary might opine that a Company whose carried reserve is "slightly" 

above the high end of a reasonable range "conservative"; under ASOP36, the actuary must opine 

that the Company's reserves are redundant or excessive, and quantify the amount. 

Another example shows an additional potential impact of ASOP36. Before ASOP36, the actuary 

might have stated that loss and loss adjustment expense reserves were "reasonable but 

conservative" if a company's carried loss and loss adjustment expense reserves were slightly 

below the maximum amount that the actuary believes is reasonable. Under the guidance of 

ASOP36, such an opinion would now be "reasonable". 

Additionally, the disclosure of the amounts of the deficiencies or redundancies (m. A. b. and m .  

A. c. above) necessitate possible changes in work processes for opining actuaries under NAIC 

statutory regulations. Currently, March 1 is the statutory filing due date for financial statements 

ending December 31 of the prior calendar year, accompanied by the statement of actuarial 
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opinion. Subsequently, the due date for the delivery of the actuarial report to the company is May 

1 (or prior to May 1 within two weeks of the request by the state insurance department). Prior to 

ASOP36, the actuary could determine by the statutory filing date the type of opinion which would 

be rendered, and subsequently refine precisely the range and point estimate (if determined) by the 

due date for the delivery of the report. Due to ASOP36's requirement that the disclosure of the 

precise amount of deficiency or redundancy be included for deficient/redundant opinions, the 

actuary must now determine the precise low end of range (for deficient provisions/opinions) or 

the precise high end of range (for redundant provisions/opinions) by the statutory filing date. 

B. l~An~,e of Reasonable Reserve Estimates (3.6,4) 

Following the definitions of the types of opinions as outfined above, ASOP36 iterates that the 

actuary may determine a range of reasonable reserve estimates that reflect the uncertainties 

associated with analyzing reserves. "A range of reasonable estimates is a range of estimates that 

could be produced by appropriate actuarial methods or alternative sets of assumptions that the 

actnary jodges to be reasonable. The actuary may include risk margins in a range of reasonable 

estimates, but is not required to do so, except as may be required by ASOP No. 20. A range of 

reasonable estimates, however, usually does not represent the range of all possible outcomes." 

Discussion of Range 

Accounting literature has discussed methods to account for contingencies which are of  interest to 

the actuary. Statement of Finuncial Accounting Standards No. 5 ("FASB 5") [of the Financial 

Accounting Standard Board's ("FASB") Statement of Standards] "Accounting for Contingencies" 

establishes aceouuting requirements for U.S. Generally Accepted Accounting Principles 

("GAAP") which are relate to property casualty loss reserve liabilities. Paragraph 8 of FASB5, 
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"Accrual of Loss Contingencies", states that an estimated loss from a contingency shall be 

accrued by a charge to income as long both of the following conditions are met: 

a. It is probable that an asset has been impaired or a liability has been incurred at the date 

of the financial statements, and 

b. The amount of loss can be reasonably estimated 

An important interpretation of FASB5 has impacted the concept of range, and the way that 

accountants view the "range of reasonable reserve liabilities". "FASB Interpretation No. 14, 

Reasonable Estimation of the Amount of a Loss an interpretation of FASB Statement No. 5", 

states that "When some amount within the range appears at the time to be abetter estimate than 

any other amount within the range, that amount shall be accrued. When no amount within the 

range is a better estimate than any other amount, however, the minimum amount in the range 

shall be accrued." 

The difference between an actuary's view of a best estimate and range can be differentiated from 

the persp~tive of an accountant. When an actuary determines a point estimate as well as a range 

of reasonable reserve estimates, that point estimate has a higher degree of certainty than other 

points within the range. Similarly, under FASB5, that greater degree of certainty implies that the 

point estimate should be established. 

However, the accountant might view all points in a reasonable range of reserves as equally likely. 

However, an actuary may opine that the point estimate is the most likely scenario, with points 

within a reasonable range of reserves becoming less probable as one moves towards either end of 

the range. This distinction is important to be noted in actuarial and accounting interactions. 
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Similar guidance relating to accrual of liability for statutory purposes is outlined in the NAIC 

Accounting Practices and Procedures Manual, effective January 1, 2001. The adoption of this 

statutory accounting framework culminated a multi-year effort of the NAIC Accounting Policies 

and Procedures Task Force to "codify" statutory accounting policies. The Manual is embodied in 

a series of Statements of Statutory Accounting Principles ("SSAP's"), which introduced some 

significant changes in the statutory accounting practices for many property/casualty insurance 

companies. The NAIC codification principles also discuss the concept of  range with respect to 

carried loss and loss adjustment expense reserves. SSAP 55 states that the Company shouM 

accrue "Management' s Best Estimate" of its liabilities for unpaid claims, unpaid losses and 

loss/claim adjustrr~nt expenses for each line of business and for all lines of business in the 

aggregate. Management may consider a range of reserve estimates; the range shall not include 

the set of all possible outcomes but only those outcomes that are considered reasonable. When no 

estimate within the range is better than any other, the midpoint of the range (as opposed to the 

minimum from the FASB Interpretation No. 14 of FASB 5) is to he accrued, i 

Current actuarial literature is rich with examples regarding methods to determine ranges of loss 

reserves. In the spring of 1994, an entire Casualty Actuarial Society Discussion Call Paper 

Program ("Variability in Reserves") was devoted to various methodologies to determine ranges of 

reasonable reserves. The Thomas Mack paper rifled "Measuring the Variability of Chain Ladder 

Reserve Estimates", and the Daniel Murphy paper entitled "Unbiased Loss Development Factors" 

in PCAS 1994 are two such papers. A more recent paper written by Chandu Patel and Alfred 

Raws rifled "Statistical Modeling Techniques for Reserve Ranges: A Simulation Approach" in the 

1998 Fall Forum Reserving Call Papers compares various approaches for establishing reasonable 

i If management's best estimate is different from the estimate of the Company's appointed actuary, some 
accountants believe that management should offer reasons as to why the difference has occurred, i.e., the 
factors that the aetuary's estimates have not considered which are captured in Management's determination 
of the loss and loss adjustment expense reserve amount which is carried. 
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ranges of reserves, and connects those reasonable range of reserves with testing of confidence 

level factors. 

Disclosure of the Reasonable Range of Reserve Estimates 

ASOP36 does not require the range of reasonable reserve estimates to be disclosed in the opinion. 

Commentary in Appendix 2, "Comn~nts on the 1999 Third Exposure Draft and Subcommittee 

Responses" provides reasoning as follows: "The subcommittee believes that the actuary may be 

able to consider a range of reasonable estimates for purposes of the opinion without having to 

specify the end points of the range. This is acceptable because the actuary could be basing the 

opinion on various methods and estimates that produce results not much different from the stated 

reserve amount. Consequently, disclosure of a specific range is unnecessary." 

However, the Documentation section (Section 4.2) states that the actuary should be guided by the 

provisions of ASOP No. 9 ("ASOPg"), Documentation and Disclosure in Property and Casualty 

Insurance Ratemaking, Loss Reserving, and Valuations. The explicit ASOP36 requirement from 

3.3.2.a. that '~/v'hen the stated amount is within the actuary's range of reasonable reserve 

estimates (see Section 3.6.4), the actuary should issue a statement of actuarial opinion that the 

stated amount makes a reasonable provision..." appears to imply that the actuary must per se 

already have developed a reasonable range of reserves in order to issue a "reasonable" actuarial 

opinion. Consequently, ASOP9 would imply that the specific amount of the reasonable range of 

reserves should be at the very least in the actuarial workpapers. Prior to the issuance of ASOP36, 

an actuary could issue a reasonable opinion if the indicated reserves were "close", (for example, 

within 5%, of the carried reserves); ASOP36 appears to necessitate an explicit range calculation 

notwithstanding the distance of the indicated reserves from the carried reserves. 
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In the case of the NAIC required actuarial report supporting the actuarial opinion, disclosing the 

specific range of reasonable reserves would appear to he a logical conclusion resulting from the 

Documentation section of ASOP36. For example, if the stated reserve amount was within an 

actuary's reasonable range of reserves but close to either end of the actuary's reasonable range of 

reserves, disclosure of a specific range in the actuarial report could he especially useful for the 

regulator. The disclosure of risk of material adverse deviation (discussed in this paper's Section 

II.C. below) effectively exposes the high end of the range of reserves and its relation to the 

carded reserves, in those cases where risk of material adverse deviation is thought to exist. 

C. Materiality (3.4), Significant Risks and Uncertainties (Explana~ry Paragraph) 

[3.3.3], and Adverse Deviation (3.6.5) 

The AICPA Professional Standards section entitled "U.S. Auditing Standards" def'mes 

methodology to evaluate materiality in a manner similar to the guidance provided by ASOP36. 

The AICPA section goes one step further: it defines Materiality. That definition is useful for our 

guidance in evaluating materiality standards. Section 312.10 of the AICPA code states the 

following: 

'The  auditor's consideration of materiality is a matter of professional judgment and is 

influenced by his or her perception of the needs of a reasonable person who will rely on 

the financial statements. The perceived needs of a reasonable person are recognized in the 

discussion of materiality in Financial Accounting Standards Board Statement of Financial 

Accounting Concepts No. 2, Qualitative Characteristics of  Accounting Information, 

which defines materiality as 'the magnitude of an omission or misstatement of accounting 

information that, in the light of surrounding circumstances, makes it probable that the 
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judgment of a reasonable person relying on the information would have been changed or 

influenced by the omission or misstatement.' That discussion recognizes that materiality 

judgments are made in light of surrounding circumstances and necessarily involve both 

quantitative and qualitative considerations." 

In Section 3.4 of ASOP36, it is stated that the actuary should consider the purposes and intended 

uses for the SAO in evaluating materiality. The ASOP36 states that the actuary should evaluate 

materiality based upon: 

1. Professional judgment, 

2. Materiality guidelines or standards applicable to the SAO, and 

3. The actuary's intended purpose for the SAO. The actuary should understand 

which financial values are usually important to the intended users of the 

statement of  actuarial opinion and how those financial values are likely to be 

affected by changes in the reserves and future payments for losses and loss 

adjustment expense reserves. 

ASOP36 provides three examples of  materiality which actuaries could reference in Statements of 

Actuarial Opinion: 

"Specified reserve amount for which an opinion is given"; i.e. as a percentage of 

net loss and loss adjustment expense reserves. 

"The Company's reported surplus"; this materiality standard would he 

appropriate for a SAO for an insurance company to be used for financial 

reporting to insurance regulators. 
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"The Company's net worth and annual net income" could be the bases used in an 

actuarial appraisal. 

Section 3.3.3, Significant Risks and Uncertainties (Explanatory Paragraph) states that the actuary 

should include an explanatory paragraph when the actuary reasonably believes that there are 

significant risks and uncertainties that could result in material adverse deviation. The explanatory 

paragraph should contain a) "the amount of adverse deviation that the actuary judges to be 

material with respect to the statement of actuarial opinion"; and b) "a description of the major 

factors or particular conditions underlying risks and uncertainties that the actuary believes could 

result in material adverse deviation". 

Section 3.6.5 discusses and defines Adverse Deviation. "An adverse deviation occurs when such 

a variation results in paid amounts higher than provided for in the reserves. The actuary should 

consider whether the future paid amounts are subject to significant risks and uncertainties that 

could result in a material adverse deviation" (emphasis added). 

Quantitative Percentages to Assess Materiality 

From the above discussion, ASOP36 provides three bases against which to assess materiality: loss 

reserves, surplus and net income. However, ASOP36 does not provide nun~rical percentages 

relating to materiality measures. The following are some broad quantitative measures, not meant 

to be all-encompassing, which can provide the actuary with some guidance on selecting those 

bases. 
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Loss and loss adiustment expense reserves. The author of this paper has seen 5% and 

10% of loss and loss adjustment expense reserves as materiality percentage amounts. 

The range of reasonable reserve estimates has important implications regarding the 

amounts of material adverse deviation and tests of materiality. The range also provides 

some guidance in selecting materiality standards. The interrelationship between the 

reasonable range of reserves and materiality is discussed below in Section IV. 

Reported Sumlus. Richard Roth demonstrated in his paper "Analysis of Surplus and Rate 

of Return without Using Leverage Ratios" that the reserves to surplus ratio has remained 

relatively constant at 2:1 from 1975 through 1990. For companies writing at that ratio, 

this suggests materiality percentages of 10% and 20% of surplus would be equal to the 

5% and 10% reserve percentages from the above paragraph. 

Net Income. In August, 1999, the Securities Exchange Commission ("SEC") released 

Staff Accounting Bulletin ("SAW') No. 99. In the SAB, the views of the staff were 

expressed that relying on certain quantitative benchmarks to assess meteriality in 

preparing financial statements were inappropriate; further, misstatements are not 

immaterial simply because they fall beneath a numerical threshold. However, the 

Financial Accounting Standards Board ('¢FASB") did note that in certain limited 

circumstances the SEC and other bodies had issued quantitative materiality guidance 

(discussed in SAB 99's Section 7213, Materiality). The SEC quoted "contradictory 

studies", one study which suggested widespread use of a "rule of thumb" of 5% to 10% 

of net income. Although the FASB rejected the formulaic approach, this example is 

another place to start in assessing materiality in percentage form, after evaluating the 

quantitative and qualitative considerations discussed below. 
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Professional Guidance regarding Materiality 

The CAS Valuation, Finance and Investments Committee ("VFIC") has published "Materiality 

and ASOP No. 36: Considerations for the Practicing Actuary. (The VFIC was included as 

Appendix 7 in the December 31, 2001 Property and Casualty Practice Note developed by 

COPLFR). Materiality in accounting contexts is also discussed, with references to the NAIC 

Accounting Practices and Procedures Manual. The VFIC paper is a good resource, summarizing 

the qualitative and quantitative measures that the actuary should consider. Quantitative measures 

in addition to the percentages of loss reserves, surplus, net income and worth presented above are: 

absolute magnitude of item that represents a correction or different result, absolute magnitude of 

item for which data is not available, and the impact of an item on IRIS ratios and Risk-based 

Capital results. 

SAB 99, introduced above, stated that numerical quantitative values for rules of thumb have no 

basis in law or accounting literature) However, quantitative rules are simpler to understand, and 

are stated above to reflect some common rules of  thumb in regards to materiality. 

In summary, the above sources provide guidance in terms of either qualitative or quantitative 

measures important in assessing materiality: 

VFIC: "Requiring the use of professional judgment and placing importance on 

intended p ~  both emphasize the role of qualitative considerations in 

evaluating materiality." 

2 Note that the SEC only has regulatory authority regarding publicly traded companies. The Supplementary 
Information for each SAB states that "the statements in the staff accounting bulletins are not rules or 
interpretations of the Commission, nor are they published as bearing the Commission's official approval. 
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SAB 99: "But quantifying, in percentage terms, the maguimde of a misstatement 

is only the beginning of an analysis of materiality; it cannot appropriately be used 

as a substitute for a full analysis of all relevant considerations". 

Significant Risks and Uncertainties 

The explanatory paragraph in the opinion discussing significant risks and uncertainties is not 

required if material adverse deviation is deemed not to exist. However, the "maximum" amount 

of material adverse deviation is not required to he disclosed if material adverse deviation is 

deemed to exist; only the presence of this "minimum" material hurdle amount is disclosed. 

Finally, broad statements about risks and uncertainties due to economic changes, judicial 

decisions, regulatory actions are generally not the types of risks envisioned by the requirement to 

disclose risk of material adverse deviation, nor is an exhaustive list of  all potential sources 

required to be mentioned. 

IV. Specific Examples: The Connection between Material Risk of Adverse Deviation and 

Reasonable Range of Reserves 

A. Definition of Material Adverse Deviation in Relation to Range 

In Appendix 2 of ASOP36, it was noted that comment letters included a request that the ASOP 

provide more guidance by giving examples in the various sections of the ASOP. From the 

discussion above, the role of judgment in assessing materiality is listed as primary. The central 

purposes of this paper are to connect the concepts of  reasonable range of reserves and materiality, 

and to demonstrate that the actuary's inherent ideas of what constitutes the width of an "average" 

They represent interpretations and practices followed by the Division of Corporation Finance and the 
Office of the Chief Accountant in administering the disclosure requirements of the Federal securities laws." 
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reasonable range of reserves can influence the materiality level that is chosen by the actuary. For 

example, if two actuaries believed that materiality standards are 10% and 20% of losses, 

respectively, then the amount of times that the "10% actuary" expresses material adverse 

deviation exists would be above that of  the "20% actuary". This point is demonstrated below 

using industry development. 

First, the concept of the connection between reasonable range and materiality is presented below. 

Simple general examples are then presented to demonstrate the concepts. Then, specific 

examples are constructed below using a confidence level approach outlined in the paper Unbiased 

Loss Development Factors by Daniel Murphy in PCAS 1994. It has already been discussed, but is 

worth reiterating here, that qualitative measures regarding the risk of adverse material deviation 

should be considered in addition to the quantitative section below. 

Section II.C. showed the considerable latitude that ASOP36 provides the actuary in determining 

materiality. There is however, a connection between the risk of material adverse deviation, the 

amount of materiality, and the maximum end of the range of reasonable reserves. The following 

illustrates that the risk of material adverse deviation exists if: 

a. The difference between the High end of the Range and Carried Reserves is greater than: 

b. The Materiality Amount 

The following uses terminology as presented by Robert Butsic in his paper "Solvency 

Measurement for Property-Liability Risk Based Capital Applications to clarify the discussion. 

Given: 

Assets A 

Loss Reserve L 

Capital C 

cash (realizable value is certain) 

unpaid loss (realizable value is a random variable) 

assets - loss reserve (realizable value is a random variable) 
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For a discrete loss size probability distribution, when assets are certain, the Expected 

Policyholder Deficit ("EPD") is 

DL = Z p(x) (x-A), (1) 

x>A 

where p(o) is the probability density for losses (0~_ x < ~0). The EPD ratio is dL-- I ~ / L  

In words, Butsic defines the term I ~ / L  as: 

s the ratio of capital to the expected valued of the risk element ("L"), and 

• the coefficient of variation, the ratio of the standard deviation of the risk element to 

its mean 

Let us define 

Maximum Loss (G) in our range of reasonable reserves Lo 

Materiality measure as a percentage of losses m 

Total materiality amount in dollars M=m*L 

For a discrete loss size probability distribution, when assets are certain, the Expected Material 

Deviation ("EMD") is: 

= F, p(x) (x-(L+M)), (2) 

~o.L,i,M 

where p(.) is the probability density for losses (0'2_ x < **). Risk of material adverse deviation 

exists when I_~ > L+M; the amount of material adverse deviation is equal to Lo --(L+M). The 

EMD ratio is therefore defined as d~= Dua~/L. In words, the term d~a= ~ / L  can be defined as 

the ratio of the expected material deviation to the expected valued of the risk element ("L"). 
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Similar distributions exist for continuous distributions: 

DL ---- f (x-A) p(x)dx, (3) 

A 

And, 

For a reasonable range of reserves, 

DMD = I (x-(L+M)) p(x)dx, (4) 

I.+M 

Where p(.) is the probability density for losses (0g_ x < .0), risk of material adverse deviation 

exists when Lo>L+M. 

The above examples show that material adverse deviation can be considered a special subset of 

the concept of capital when applied to insurance situations. As capital is reserved for deviations in 

excess of loss reserves, material adverse deviation can be considered when the deviation amount 

places losses higher than the top end oftbe range. The amount of capital is available to absorb 

that amount. 

Note that ASOP36 requires the actuary to disclose the rnateriality threshold ("M") if the ~tuary 

believes that the risk of material adverse deviation exists. However, the amount of  adverse 

deviation, defined as ~ -(L+M)], need not be disclosed; effectively, the actuary is expressing 

the opinion that[LG -(L+M)] > 0. 3 

3 If [Lt; -(L+M)] > O, then [L6 -L> M]; the amount M must be disclosed, but not the amount Lo -L 
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B. General examples of Range of Reasonable Reserve Estimates in Relation to Risk of 

Material Adverse Deviation 

To continue the above example, the following is a range of reasonable reserves for an insurance 

company, with the materiality threshold expressed in terms of 10% of carried reserves4: 

High End 

Low Point High Carded Materiality - Carded 

90 I00 110 105 10.5 5 

Since the high end of the reasonable range - carried reserves (5) is less than the materiality 

standard (10.5), risk of material adverse deviation does not exist. An alternative presentation of 

the same test is as follows: 

Carried + 

Low Point High Carried Materiality 

90 100 110 105 115.5 

Since the high end of our reasonable range of reserves is below the carded reserves plus the 

materiality standard, then risk of material adverse deviation does not exist. Restated, in this case, 

the high end of the actuary's range of reasonable estimates is 110, an amount that could be 

produced by appropriate actuarial methods or alternative sets of assumptions that the actuary 

judges to be reasonable. The risk of material adverse deviation does not exist because the amount 

4 If the standard was expressed as a percentage of statutory surplus, the standard could be converted to 
reserves using a reserves to capital percentage, and applied as described above. 
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of the carried reserves plus the material standard (115.5) is greater than the highest amount the 

actuary deems reasonable (110). 

To continue the above example, the following is the same example, with carried reserves of 95: 

High End 

Low Point High Carried Materiality - Carried 

90 100 110 95 9.5 15 

Since the high end of the reasonable range - carried reserves (15) is greater than the materiality 

standard (9.5), risk of material adverse deviation exists. An alternative presentation of the same 

test is as follows: 

Carried + 

Low Point High Carried Materiality 

90 100 110 95 104.5 

Since the high end of our reasonable range of reserves is above the carried reserves plus the 

rnateriality standard, then risk of material adverse deviation exists. Restated, in this case, the high 

end of the actuary's range of reasonable estimates is 110, an amount that could be produced by 

appropriau~ actuarial methods or alternative sets of  assumptions that the actuary judges to be 

reasonable. Since the amount oftbe carried reserves plus the material standard (104.5) is greater 

than the highest amount the actuary deems reasonable (110), the risk of material adverse 

deviation does exist, and can be quantified to be 5.5 (110-104.5). 
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As defined above, the EMD ratio is equal to 5.8% (5.5/95). This ratio, the ratio of the expected 

material deviation to the expected valued of the risk element ("L"), should be examined within 

the context of the NAIC IRIS Ratio Tests, Risk Based Capital percentages, or similar impairment 

of capital measures. 

Note that ASOP36 does not mandate that the materiality amount, 9.5 in this example, be 

disclosed, as well as the risk of material adverse deviation. However, the amount  of material 

adverse deviation implied by the high end of the range, equal to 5.5 (110-104.5), need not be 

disclosed. 

C. Specific examples of Range of Reasonable Reserve Estimates 

In his 1994 paper, Daniel Murphy presents a paper in which confidence intervals are constructed 

using regression techniques and ranges of reasonable reserves. Mr. Murphy's paper provides one 

convenient triangle-based approach to determine confidence intervals. However, it is silent 

regarding the concept of "reasonable range of reserves". The above paper cited by Mr. Patel and 

Mr. Raws provided an example where "..the range can be defined as the values encompassed in 

the 5 ~ and the 95 ~ percentile...". The following are the results of Mr. Murphy's methodology 

applied to 2000 A.M. Best's data for several lines of business, with the assumption that the 5% 
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and 95% confidence levels define a reasonable range of reserves. 

Line of Business 

Medical Malpractice 

Workers Compensation 

Private Passenger Auto Liability 

General Liability 

Commercial Auto Liability 

All Lines 

5__~% 50% 95__..%% Carried 

7,566 8,808 10,051 8,111 

-14.1% +14.1% 

48,589 52,702 56,814 51,097 

-7.8% +7.8% 

52,800 56,587 60,374 63,534 

-6.7% +6.7% 

34,107 37,578 41,049 34,037 

-9.2% +9.2% 

18,813 20,437 22,061 18,894 

-7.9% +7.9% 

286,162 304,677 323,192 297,039 

-6.1% +6.1% 

If a materiality standard of 10% of carried reserves was applied to the above lines of business, 

risk of material adverse deviation could be tested as follows: 

LOB 10% of Carried Reserves I-Ii~Aa End Minus Carried Reserves Risk 
(A) (B) (B>A?) 

Medical Malpractice 811 1,940 Yes 

Workers Comp 5,110 5,717 Yes 

PP AL 6,353 (3,160) No 

GL 3,404 7,012 Yes 

CAL 1,889 3,167 Yes 

Total 29,704 26,153 No 
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The workers compensation and private passenger automobile situations illustrate that the degree 

of margin or deficiency can influence the determination of risk of material adverse deviation. 

Although the workers compensation high end of range of 7.8% was only 1.1% above the private 

passenger automobile range, the deficiency of the line (relative to the private passenger auto 

liability redundancy) caused the risk of material adverse deviation to be present. 

The amount of material adverse deviation, and the EMD ratios define above, are as follows: 

LOB Material Adverse Deviation EMD Ratios 
(B)-(A) 

Medical Malpractice 1,129 14% (1,129/8,111) 

Workers Comp 607 1%(607151,097) 

GL 3,698 11% (3,691Y34,037) 

CAL 1,278 7% (1,278/18,894) 

The results of the above test confirm several preconceived notions regarding whether risk of 

material adverse deviation exists by line of business. Given the low frequency, high severity 

nature of medical malpractice, and the relatively long-tail payout of the line of business, the width 

of the range of the reasonable reserves produces an opinion regarding the presence of risk of 

material adverse deviation. The redundancy of private passenger automobile does not allow risk 

of material adverse deviation to he achieved. 
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By raising the materiality standard to 20%, the test results change as follows: 

LOB 20% of Carried Reserves High End Minus Carried Reserves 
(A) (B) 

Risk 
(B>A?) 

Medical Malpractice 1,622 1,940 Yes 

Workers Comp 10,220 5,717 No 

PP AL 12,706 (3,160) No 

GL 6,808 7,012 Yes 

CAL 3,778 3,167 No 

All 59,408 26,153 No 

The above shows that the width of the "average" reasonable range of reserves can influence the 

materiality standard selected. For example, one actuary might believe that a reasonable 

materiality standard should be 10%, based upon the idea that a preconceived "average" width of 

the high end of a reasonable range of reserves is 10%. Consequently, that actuary would express 

that the risk of material adverse deviation exists more often (4 out of  6 times for the above lines 

of business) than the actuary with a 20% materiality standard (2 out of 6 times for the above lines 

of business). 

V. Conclusions 

This paper has demonstrated the following points: 

1. The range of reasonable reserves and the amount of material adverse deviation are 

related. Reasonable ranges of reserves can be generated to support a reasonable opinion, 

as well as to test for the risk of material adverse deviation. 

2 8 4  



2. The amount of material adverse deviation can be quantified, as the high end of the range 

less the carried reserves plus the materiality standard. 

3. The width of what the actuary deems to be an "average" reasonable range of reserves 

may be an additional factor to be considered when selecting the materiality amount, and 

the "average" frequency that the risk of material adverse deviation will be cited by the 

actuary. 

4. Although the range of reasonable reserves need not be disclosed in the actuarial opinion, 

other Actuarial Standards of Practice (such as ASOP9) under certain circumstances could 

imply the necessity to disclose the range in the actuarial report. 

5. The risk of material adverse deviation can be supported by qualitative as well as 

quantitative tests. 
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CASPaper 

The Runeff lnvlrenment- Conslderatlens for tbe Reserving Actuary 

Abstract 

As companies experience poor results or enter into weakened financial condition, 
particular lines of business or entire books of business may be cancelled or non-renewed 
and the loss reserves for this business placed into runoff. In such circumstances, it is 
possible that traditional reserving methodologies used to estimate IBNR reserves may 
produce distorted results, as the assumptions of a stable environment upon which most 
methodologies rely fail to hold. In this paper, we review some of the causes of such 
distortions and discuss some adjustments the reserving actuary may want to consider 
when evaluating a runoff book of business. 

Specifically, we focus on the medical professional liability, or medical malpractice, line 
of business, using loss and claim data from two previously large writers of this line, both 
of  which are now in runoff. We compare certain results of these two writers post-run off 
with their own results prior to entering runoff and with a compilation of on-going peer 
companies. The key statistics examined are (1) average closed claim severity, (2) claim 
closing patterns, and (3) loss payment pattems. We attempt to quantify the impact on 
these statistics of entering runoff, explore reasons for these changes, and suggest 
adjustments to be made to standard reserving methods. We also discuss the role of 
insurance guaranty associations (IGAs) and the impact of runoff on excess of loss 
reinsurance. 

I. Introduction/Background 

In this paper, we have focused on the impact ofrunoffon reserving for one particular line 
of business - medical malpractice. We chose to focus on one line because the effort 
necessary to evaluate the impact for every line of business in depth would be too 
monumental for a paper such as this. We are hopeful that many of the comments made 
here would apply to other lines of business as well, and perhaps others can test this with 
further research. 

The medical malpractice insurance market has undergone dramatic changes since the mid 
1970's. The market has been characterized by severe swings, from market corrections 
with significant rate increases and capacity shortages to periods of intense competition. 
Medical malpractice insurance is a difficult line of business to write because of the 
potential for bursts of large severe claims as well as high claim frequency periods. 
Problems can be more dramatic than those for other lines because of the long-term nature 
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of claims reporting and settlement. A recent history of troubled property-casualty 
insurance companies includes many that either wrote medical malpractice liability as 
their primary line or one of their primary lines. 

Financial difficulties for an insurer can impact many parties, including policyholders, 
claimants, creditors, regulators and reinsurers. In a liquidation procedure or even in 
voluntary runoff, the reserving process can take on additional significance, as estimates 
produced may have an impact on the way the assets of the company or estate are used. To 
equitably runoffor close a book of business, it is important for all sides to have accurate 
information and projections. Assumptions that the troubled insurance companies' 
operations and financial trends continue as before the troubles arose could lead to 
misleading conclusions. It is important to consider that revelations of difficulties within a 
company create a new environment along with new perceptions. Also, it is reasonable to 
believe that the operation of the company prior to the onset of financial difficulties may 
have undergone some changes that led to the problems that occurred. 

In this paper, we discuss both the empirical data we have reviewed from two runoff 
entities that had previously written a large amount of medical malpractice business and 
the qualitative input we have gathered from our experience and the experience of others 
in the industry we have interviewed. Based on our analysis, we have drawn the following 
conclusions regarding considerations for actuaries when evaluating a runoff entity: 

1. The speed at which claims are reported and settled is likely to change. In some cases, 
there may be a "stay" in place that freezes claim activity, slowing down the reporting 
and closing of claims for a period of time. Absent such a stay, or once one in place is 
lifted, there is the possibility of a "run-on-the-bank" situation, where claimants rush 
to report and settle claims to avoid the possibility of receiving reduced recoveries or 
possibly no recovery at all. 

2. The average amount paid per claim is likely to decrease. During a "run-on-the-bank" 
situation, not only do claimants want to settle their claims quickly, but they also are 
generally willing to accept a lower settlement amount in order to do so. Furthermore, 
in some eases, the limited assets of the company or the limits of guarantee funds may 
result in lower amounts paid per claim. These lower amounts paid per claim may 
result in higher net-to-gross ratios for claims paid after runoff than those paid before 
runoff, as these lower values may decrease the frequency and severity of claims 
piercing excess of loss reinsurance retentions. 

3. In some cases, the ultimate loss ratios for the latest years are likely to be significantly 
higher than prior years. At the start of financial difficulties, there is sometimes 
pressure put on underwriters to generate inward cash flow. This can result in 
business being placed on the books that is less profitable than usual. 

Without considering the three issues listed above, traditional actuarial techniques can 
produce inaccurate results. Any development method would be impacted by changes in 
the speed of the reporting and closing of claims; any counts and averages method would 
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be impacted by changes in the average amount paid per claim; and any expected loss 
ratio or Bornhuetter-Ferguson method using an expected loss ratio would be impacted by 
changes in the expected loss ratio. Furthermore, actuaries sometimes apply techniques to 
estimate unpaid losses on either a gross basis or a net basis with respect to reinsurance 
and use a net-to-gross ratio to estimate the other; use of a historical ratio may be 
inappropriate. 
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II. Analysis 

Data 

For our analysis, we relied on the medical malpractice data for two companies that 
recently placed their business into runoff. We will keep the names of the companies 
confidential, referring to them as "Company X" and "Company Y". Both companies 
wrote large amounts of physician claims-made policies with only limited hospital or 
long-term care facility exposure. Company X is in liquidation while Company Y 
voluntarily placed its medical malpractice line into runoff after experiencing significant 
financial difficulties. As shown in the data tables included later, we have reviewed three 
years of post-runoff data for Company X and 1 year of post-runoff data for Company Y, 
with these results compared to the years prior to runoff for each company. 

For purposes of comparison, we created an industry medical malpractice benchmark 
database using composite information from member companies of the Physician Insurers 
Association of America (PIAA). This is a group of mutual medical malpractice writers 
that wrote similar business to Companies X and Y. The data was compiled from the 
2000 Annual Statements for the majority of companies currently in the PIAA. 

Statistics 

We examined changes in the following statistics: 

• Incremental claims closed with payment (CWIPs) 
• Incremental loss payments 
• Average claim payments 

Note that we have only used paid loss and closed claim data. Due to the financial 
difficulties of both companies, we believe distortions may have existed in the case 
reserves such that historic loss development would not be indicative of future 
development. 

IlL Understanding the Results 

Before providing quantitative results, we believe if is necessary to understand the process, 
dynamics and motivations of parties involved with financially troubled insurers, such as 
within a liquidation, to properly understand and interpret the results that follow. 

Signs of Financial Problems 

While there is usually no single factor that causes an insurer to enter financial distress, 
the following characteristics (either alone or in some combination), have been exhibited 
in the majority of insolvencies: (1) deficient loss reserves, (2) rapid growth, (3) 
overstated assets, (4) alleged fraud, (5) significant change in business, (6) reinsurance 
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failure, and (7) catastrophic loss. These characteristics may be voluntarily disclosed by 
the company or discovered by external entities, such as state regulators, rating agencies 
or financial analysts. 

Liquidation Process and Effect on Claims 

In the event that a company's financial standing deteriorates beyond repair, it may be 
liquidated. The process of liquidation varies from state to state because of local statutes 
and enhancements to the NAIC model laws. After an order of liquidation is obtained, the 
appointed liquidator in the state of domicile notifies all insurance departments in other 
states where the company wrote business and insurance guaranty associations (IGAs). 
IGAs represent solvent insurers in each state and absorb the losses of claimants against 
insolvent insurers. Not all lines of insurance are eligible for coverage by IGAs with 
restrictions that vary by state. 

The liquidator is also responsible for notifying all agents, policyholders, and any others 
who might have claims against the company in its insolvency. The liquidator also 
usually issues a "bar date" on future claims. The bar date is established to cut off future 
claims and is usually set for 1 year after the liquidation begins. The liquidator may also 
place a stay on all pending litigation against the insurer. This stay will allow the 
liquidator and IGAs time to review claim files and, if  necessary, prepare an adequate 
defense. 

After liquidation, the IGAs in each state where there are policyholders for the insolvent 
company become responsible for handling claims against those policyholders. The IGAs 
have the authority to settle claims for a limited amount, usually between $100,000 and 
$300,000 per claim. Any claims that settle for amounts greater than these limits must be 
approved by the liquidator. If approved, the amounts greater than the IGA limits are 
submitted to the estate of the insurer as a "Class 2" claim against the estate. (The priority 
of claims is defined by state statute but usually runs from Class 1 to Class 9. Class 1 
claims include administrative expenses, beth for the IGAs and the estate to liquidate 
assets and are the first to be paid with any assets held by the estate. Class 9 claims are 
the claims of shareholders or other owners and are the final claims paid by the estate, if 
possible.) 

The estate, through the liquidator, works to generate as much cash as possible quickly 
through sale of  assets and recoveries from third parties such as reinsurers. Often the 
m o u n t s  compiled for the estate are not enough to cover all the claims submitted by all 
classes. In this case, the liquidator may declare a "dividend", allocating money to each of  
the different classes. The dividend amounts are often less than the full amount requested. 

I(3As will recover payments made under the limit of their authority through an 
assessment of solvent companies in the state that operate in the line of business of the 
claim paid. Usually, the assessments are generated after the insolvency and are charged 
to insurers (and passed onto policyholders) as a percent of net written premium. IGAs 
are usually exempt from any litigation in their work in regard to bad faith negotiating. 

292  



Claim Process (From the Other Side) 

To gain a complete picture of the impact of financial troubles for insurers on claim 
settlements, it is important to view the claims process from an alternative to our 
traditional industry position - the view of the claimant. As in any type of liability 
insurance, the start of the claim process is an event or incident where there is an injury 
and the perception of responsibility for the injury by a third party. For medical 
malpractice, the third party is usually a physician or other health-care provider. The 
physician involved often will file a report of any incidents with their insurer and a file 
may be created with, perhaps, a small default reserve attached. Some states have a 
mandatory requirement for incident reporting. As the majority of incidents or events do 
not turn into claims, most of these files are closed within 180 days without any paid loss. 

A claim is defined as any written or oral demand for compensation in the form of money 
or services, with no legal papers having been filed in court. Many claims that are 
unresolved become suits. A suit is formal litigation that alleges an error or omission on 
the part of one or more defendants. Only approximately 1 in 3 malpractice claims results 
in an indemnity payment to the plaintiff. Only a small number of cases are resolved as 
the result of a jury verdict. 

If the perception of malpractice exists, the claimant/patient will more often than not 
approach a plaintiff's attorney. Prior to preparing a formal claim, the attorney must 
evaluate each incident to determine (1) if there was negligence and (2) what damages, if  
any, were incurred. If the attorney believes the case has merit, he will file a notice of 
claim with the physician or facility involved. The notice will include a request for 
discovery Of documents. Discovery is a standard part of most litigation and allows 
parties access to information held by the other side. One of the documents usually 
requested is proof of insurance. The proof of insurance document will include all 
material insurance information for the target of the claim such as the name of the insurers 
involved and limits provided in the policy. 

This information is critical to the pursuit of the claim. Except in unusually strong cases, 
most attorneys will pursue damages only up to the maximum insurance limit purchased. 
If  the attorney seeks recoveries from the physician involved for amounts greater than the 
physician's carried insurance limit, and if there is no excess coverage or other facility in 
place, the attorney will need to seek to attach personal assets of the physician involved. 
The processing of attaching personal assets can be a long and difficult process and the 
attorney has to weigh the cost of pursuing these assets against the benefit of accepting a 
cash settlement from an insurer. 

The listing of insurers involved is an important piece of information. Astute plaintiff 
attorneys will often track the rating of insurers and this may influence their decision to 
settle. Also, attorneys involved in a claim against an insolvent insurer will be notified 
regarding any stays of litigation and the financial status of the insurance company 
involved. If a company enters dire financial straits, it is often in the interest of the 
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claimant to seek a quick settlement. This may avoid a long expensive legal battle in 
which the claimant, if  victorious, may only receive pennies on the dollar of any 
settlement, due to previous settlements diluting any remaining assets. 

IV. Discussion of Results 

In the initial phase of our analysis, we examined three statistics for the companies pre- 
and post-runoff. 

1. Claim Closure Rates 

The first statistic we examined was the ratio of claims closed with payment (CWIP) in a 
given year to those closed with payment in the prior year for a given report year. We 
hoped to learn from this statistic whether claims were settling faster. For both Company 
X and Company Y, the ratios increased after the business was placed into runoff. For 
example, before runoff, the number of claims closed with payment in the third year of 
experience (24-36 months after the beginning of the report year reviewed) was slightly 
more than the number closed in the second year of experience - 25% more (ratio of 1.25) 
for Company X, 3% more (1.03 ratio) for Company Y. After runoff, this ratio increased 
dramatically for Company X - from 1.25 to 9.33, 5.74 and 3.71 for the following three 
years. The ratio for Company Y also increased, but by a smaller amount (from 1.03 to 
1.32). 

Similar trends can be observed in Table 1 for other age periods. After 60 months, the 
number of claims closed for these companies decreased to a number too small to use in 
such comparisons. 

Table 1 
Ratio of Claims Closed with Payment in a Given Calendar Year to those Closed 

Period 
(Months) 
12-24/0-12 

with Payment in the Prior Calendar Year for a Given Report Year 

Company X Company Y 
Pre-runoff Post-Runoff Pre-runoff Post-Runoff 

3-Year Avg Year 1 
2.17 14.50 14.00 7.00 

24-36/12o24 1.25 9.33 5.74 3.71 1.03 1.32 
36-48/24-36 0.61 5.00 2.87 0.73 0.59 0.85 
48-60/36-48 0.61 3.50 

Year 2 Year 3 3-Year Avg Year 1 
2.90 

3.17 0.50 0.73 0.74 

What causes these changes? There are several items that we have identified: 

1. When an insurance company has financial problems, claimants and their attorneys 
are more likely to look for a faster settlement. As described above, claimants may 
be aware of the problems and the potential for reduced recoveries. 
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2. In runoff situations, there is pressure from within the insurance company itself to 
settle claims faster as well. Uncertainty is reduced as the number of open claims 
is reduced. 

3. In the case of Company X, there was a 6-month stay on litigation in place at the 
time the company was placed into liquidation. (This stay took place the year 
before the "Post-runoff Year 1" shown in Table 1, but after the "Pre-Runoff 3- 
Year Avg" period.) As this would depress the number of claims closed in the 
year before Post-Runoff Year 1, this would cause the ratios in the Post-Runoff 
Year 1 column above to be unusually high. Some of the large number of claims 
closing are those that would have settled in prior years had there been no stay. 
(No such stay exists for Company Y.) 

Another observation for Company X is that the ratios in Table 1 appear to decline in 
Post-Runoff Year 3, close to the Pre-Runoff levels. At some point, after the initial 
pressure of  settling claims faster subsides, perhaps there could be a return to "normal" 
development patterns. Or, it is possible that claims are continued at an elevated pace, but 
just not as high as the previous year. 

When evaluating a company in runoff, the actuary may want to investigate these issues. 
Conversations with the claims and legal departments may be able to shed some light on 
such issues. Any methodology that involves the development of claim counts, such as for 
use in a counts and averages method, may need to be adjusted. The adjustments would 
include recognizing some estimate of a speed-up in claim closing. 

2. Average Payment per Claim 

The second statistic we examined was the size of the average loss paid per claim in a 
calendar year. We hoped to use this statistic to determine whether the financial 
difficulties of the companies were impacting the amount paid for claims. 

Changes in the speed of claim settlement as observed in Table 1 would likely also have 
some impact on the amount of losses paid. Table 2 compares the average amounts of loss 
paid per claim closed with payment. The period represents the time elapsed since initial 
report or the age of a claim. 

Period 
(Months) 
0-12 

Table 2 
Average Losses Paid per Claim Closed with Payment in a Given 

Calendar Year by Age of Reported Claim 
($ thousands) 

Compan 7 X Company Y 
Pre-runoff Post-Runoff Pre-runoff I Post-Runoff 

3-Year Avg Year 1 Year 2 Year 3 3-Year Avg I Year 1 
185.3 120.3 34.6 12.0 
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12-24 159.0 82.1 90.4 192.1 257.1 
24-36 195.0 105.4 118.3 137.2 292.5 248.3 
36.-48 175.3 133. I 150.4 132.9 237.9 221.9 

105.9 206.7 103.9 48-60 173.8 93.1 102.2 

212.7 

As shown in Table 2, the average amount paid per claim decreased for both Company X 
and Company Y after their business was placed into runoff. Note that the pre-runoff data 
shown in Table 2 has not been trended to account for inflation; if it had been, the 
decrease would appear even more dramatic. 

Some of the factors that could have contributed to the above decreases include: 

1, Claims are being settled quicker, as shown in Table 1. As a result, when a claim 
that would normally result in future payments is settled, a discount for the time 
value of money would likely be applied, so that the amount paid represents the 
present value of what would otherwise have been paid. 

2. Concerns about the financial condition of the insurance company could lead to 
claimants accepting less than they normally would. 

3. IGA limits may have an impact. As noted earlier, IGAs have limits of $100,000 
to $300,000 on their authority to settle claims and the majority of claims handled 
do settle within these limits. 

4. Although not exhibited here, at some point, a decrease would exist in the final 
closeout of an estate when the liquidator must allocate any remaining assets to 
Class 2 claims. If the remaining assets are less than the outstanding claim 
reserves, then full payment of claims will not be made, reducing average payment 
size. 

The actuary may want to review average claim statistics such as these when reviewing a 
company in runoff. Certainly any counts and averages method may need to be adjusted. 

3. Incremental Paid Loss Development 

The final statistic examined was incremental paid loss development. We hoped to use 
this statistic to examine changes in the payout pattern. 

A speedup in the rate at which claims are closed (as shown iri Table 1) could result in 
payments being made faster. However, a decrease in the average paid per claim (as 
shown in Table 2) can somewhat mitigate this effect. Table 3 compares the total amount 
paid in a given period to the prior period. 
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Table 3 
Ratio of Paid Loss in a Given Calendar Year to Paid Loss in the Prior Calendar Year 

by Age of Claim Report Year 

Pedod 
!(Months) 

12-24/0-12 

Ire-runoff 
3-Year Avg 

15.82 

Company X 
Post-Runoff 

Year 3 

Company Y 
Ire-runoff Post-Runoff 

3-Year Avg Year 1 
3.80 7.69 

Year I Year 2 
15.87 105.47 
5.25 8.26 
3.71 4.09 
4.09 2.43 

24-36/12-24 1.71 5.64 1.05 1.93 
36-48/24-36 0.63 0.82 0.52 0.72 

0.35 48-60/36-48 0.54 0.69 0.35 

Similar observations can be made here as were made from the CWIP data in Table 1. In 
the years after business is placed into runoff, the change in the annual paid losses for 
these companies was significantly higher than historical levels. The reasons for these 
changes are the same as those reasons discussed in the CWIP section. 

Consideration of possible changes in the paid loss development pattern is important, as 
paid loss development is a common technique used by actuaries when evaluating this 
business, and reliance on past patterns can be problematic when changes such as these 
shown in Table 4 occur. This is important not only when estimating reserves, but when 
estimating future payout streams as well. 

V. Testing of Results 

Next, we tested our results to attempt to see if the change in examined statistics occurred 
as a result of the business being placed into runoff or if the changes were because of the 
external claims environment, which may have impacted similar on-going business as 
well. Our tests compared the Company X and Y results (prior to and post runoff) to those 
of the ongoing industry, as represented by the PIAA. 

Table 4 
Ratio of Claims Closed with Payment in a Given Calendar Year to those Closed 

Period 
(Months) 
12-24/0-12 

with Payment in the Prior Calendar Year for a Given Report Year. 

PIAA Company X 
Ire-runoff Post-Runoff 3-Year Avg Ire- 3-Year Avg Post- 

3-Year Avg Year 1 Year 2 Year 3 Runoff of X Runoff of X 
2.93 2.17 14.50 14.00 2.75 

24-36/12-24 1.25 9.33 5.74 3.71 0.99 1.12 
36-48/24-36 0.61 5.00 2.87 0.73 0.76 0.68 
48-60/36-48 0.61 3.50 3.17 0.50 0.58 0.57 

Period 
Company Y 

Pre-runoff Post-Runoff P1AA I 3-Year Avg First Year 
Pre-Runoff Post-Runoff 

of Y of Y 
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(Months) 3-Year Av 8 
12-24/0-12 2.90 

Year I 
7.00 2.45 3.71 
1.32 1.05 !.12 24-36/12o24 i.03 

36-48/24-36 0.59 0.85 0.68 0.65 
48-60/36-48 0.73 0.74 0.68 0.64 
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Table 5 
Average Losses Paid per Claim Closed with Payment in a Given Calendar Year 

, , B~ A~e o[Re~orted Claim ($thousands~ 
Company X PIAA 

Period Pre-runoff Post-Runoff 
(Months) 3-Year Av S Year I Year 2 
0-12 34.6 

Year 3 

102.2 

3-Year Avg Pre- 
RunoffofX 

105.9 

3-Year Avg Post- 
Runoff of X 

173.0 

12.0 92.6 136.8 
12-24 159.0 82.1 90.4 192.1 161.6 209.2 
24-36 195.0 105.4 118.3 137.2 180.5 209.5 
36-48 175.3 133.1 150.4 132.9 166.2 206.1 
48-60 173.8 93.1 234.5 

Period 
(Months) 

Oq2 
12-24 
24-36 
36-48 
48-60 

Company Y 
Pre-runoff Post-Runoff 

3-Year Avg Year 1 

185.3 120.3 
257.1 212.7 
292.5 248.3 
237.9 221.9 
206.7 103.9 

PIAA 
3-Year Avg First Year 
Pre-Runoff Post-Runoff 

of Y of Y 
132.9 126.7 
200.4 205.3 
198.1 221.0 
199.8 222.7 
209.2 257.6 

Table 6 
Ratio of  Paid Loss in a Given Calendar Year to Paid Loss in the Prior Calendar Year 

By Age of  Claim Report Year 

Period 
(Months) 
12-24/0-12 

Company X 
Pre-mnoff Post-Runoff 

3-Year Av 8 Year 1 
15.82 

Year 2 

4.09 

Year 3 

2.43 

PIAA 

0.35 

3-Year Avg Pre- 
Runoff of X 

3-Year Avg Post- 
Runoff of X 

0.60 

15.87 105.47 4.92 4.51 
24-36/12-24 1.71 5.25 8.26 5.64 1.17 1.17 
36-48/24-36 0.63 3.71 4.09 0.82 0.73 0.70 
48-60/36-48 0.54 0.67 

Period 
(Months) 

Company Y 
Pre-runoff Post-Runoff 

3-Year Avg Year 1 

PIAA 
3-Year Avg First Year 
Pre-Runoff Post-Runoff 

of Y of Y 
12-24/0-12 3.80 7.69 4.20 4.98 
24-36/12-24 1.05 1.93 1.19 1.08 
36-48/24-36 0.52 0.72 0.70 0.69 
48-60/36-48 0.69 0.35 0.59 0,85 

As each of the tables above demonstrate, the data for the PIAA is reasonably close to that 
of  Company X and Y prior to runoff. The PIAA statistics remain consistent (or rise 
expeetedly as for the average paid claim amounts) for the years after each of  the 

299 



companies placed its medical professional liability business into runoff. Based on this 
information, we concluded that our comparisons of Company X and Y data prior to and 
post runoff were not biased by any external events that would have affected the industry 
as a whole. 

VI. Impact of Results 

The knowledge of  these results and conclusions stated above may affect the different 
entities involved in different ways: 

Claimants: Claimants may receive lower settlements than if their claims were filed with 
an on-going insurer, particularly if  the company is in liquidation. If the company is not in 
liquidation, the lowered settlement amount maybe offset somewhat by receiving the 
settlement faster. 

Estate Managers/Company Management: These entities may benefit from lower 
settlements, offset somewhat by faster payment of claims. Lower settlements may result 
in more money available for larger claims or for other creditors. Benefits may also arise 
to the extent there are any profit-sharing provisions in reinsurance arrangements that have 
not been previously exhausted. 

Other Solvent Insurers: On-going insurers must often foot the bill for insolvencies 
through IGAs. Lower settlement values benefit these insurers, somewhat offset by earlier 
payments. 

Reinsurers: When an insurer enters into financial difficulty, and in particular becomes 
insolvent, the nature of the insurer's relationship with its reinsurers may change 
drastically. The insurer may no longer be viewed by reinsurers as a source for future 
business, but rather more a sink of administrative expenses and demands for accelerated 
payments. A liquidator or receiver of an insurer may also be more likely to turn to 
litigation or arbitration when problems arise, adding to the friction in the new relationship 
and perhaps damaging the reputation of the reinsurer. 

While no reinsurer intentionally seeks business from troubled insurers, it appears from 
our work that there may be some surprising benefits. As we have described, once a 
company enters liquidation, there may be a stay on all litigation for a period of 3 to 6 
months. This may be followed by a longer period in which the IGAs receive claim files 
and start processing claims. As a result, reinsurers may not be forwarded claims for 
recoveries until a year or more after anticipated at contract origination. This period may 
elongate, as reinsurers also may not be accommodating in forwarding timely recoveries. 
Reinsurers may scrutinize claim settlements and coverage decisions more closely, as 
again, there is no future relationship to potentially jeopardize. The total delay in payment 
results in greater investment income accruing to the reinsurers. 
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Also, the number of claims may be affected in a liquidation, as a claim bar is often in 
place 18 months or less after liquidation. This limits the total number of claims eligible 
for coverage and reinsurance. Also, as we have shown, excess of loss reinsurers may 
benefit, as claim payments appear to settle for lower amounts post liquidation. 

VII. Putting Results to Work 

After reviewing the results presented above, it is important to understand how to put them 
to use when estimating loss reserves. A summary of suggestions to adjust basic loss 
reserving methods based on our experience is presented below. 

Consider relying on paid methods in addition to incurred methods, if  possible. The 
case reserve levels for runoff lines, particularly for companies in financial difficulty, 
are often distorted due to inattention or even intentional underreserving. While there 
may be some distortion in the historic paid losses, it is probably more reliable than 
incurred loss data as it is more difficult to intentionally manipulate paid loss data. 

One may want to use historic claim frequency levels, perhaps adjusted higher to 
reflect a possible deterioration in underwriting if there is evidence of such, to estimate 
ultimate claims, rather than simply developing the claims paid or reported to date. As 
shown above, a runoff situation can cause acceleration in the timing of claim 
closings. When observed, this increase should not necessarily be interpreted as an 
increase in the ultimate frequency of claims. The historic frequency level for the 
book of business may be a reasonable a priori value to use when estimating ultimate 
claims, especially for medical malpractice, where claim frequency trends have been 
relatively low lately. The frequency may need to be adjusted upward to reflect any 
deterioration in the experience that caused the company's financial difficulties. The 
downside to using historic frequency to estimate ultimate claims is that it may be 
difficult to establish appropriate exposures for more recent years. 

For a "counts and averages" reserving method, one may want to adjust the projected 
paid claim severities to reflect the affects of potential discounting and the 
involvement of IGAs in settlements. As shown above, there is an impact on the 
average paid claim size because of the runoff environment. To account for this, for a 
company in liquidation, one may want to lower projected paid loss severities using 
increased limit factors based on the average IGA limits in effect in the states where 
the company wrote most of its business and where its claims will ultimately be settled 
and other factors. 

For the paid loss development method, one may want to restate the historic paid loss 
triangle to address the speed-up in claims closing and decrease in average claim 
payments before selecting a payment pattern. This can be accomplished in a manner 
similar to that presented in other CAS papers, such as that by Berquist and Sherman, 
that adjust historic loss experience for speed-up in claims closing and reserve 
strengthening. Specifically, the amount (in terms of time) of speed-up in payments 
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can be measured by calculating the percentage of ultimate claims closed, using 
ultimate claims calculated as described above. For example, while historically 25% 
of all claims may be closed in the first 24 months, now 50% of estimated ultimate 
claims may be closed due to the speed-up in settlement. If historieaily, it took 48 
months for 50% of claims to close, there is an approximate 2-year speed-up in 
payments. Historic paid loss severities for the 48-month evaluation can be discounted 
2 years and used for the loss severity at 24 months, Adjustment can also be made to 
severities for the impact of IGAs on claim settlements and other factors as described 
above for the counts and averages methods. These severities can be multiplied by the 
estimated number claims closed for each evaluation to determine total paid losses for 
each evaluation. 

VIH. General Conclusions 

We have analyzed the impact on selected claim and loss statistics for medical malpractice 
insurance when this line of business is placed into runoff. The impact observed in the 
two companies reviewed is a measurable speed-up in the settlement of claims with a 
corresponding decline in the average amount of paid loss severity. This information 
should perhaps be recognized in any methods used when performing loss projections for 
this type of business. 

IX. Limitations 

The lack of available data prevented us from performing further tests. It is important to 
note while performing loss projections for runoff companies, that the data may be 
inaccurate or intentionally distorted. Upon liquidation (and sometimes a factor that can 
lead to liquidation), many files are misplaced or lost along with institutional knowledge 
as staff departs. We have made our best effort to limit the impact of any distortions in the 
data used in this analysis. 

X. Further Research 

Our analysis focused on the impact of the runoff environment on medical maipractice 
claims. It would be interesting to test the same statistics presented here for other lines of 
business. Also, another possible variation would be to test these same statistics for on- 
going insurers not in financial difficulties that place lines such as medical malpractice 
into runoff. With a healthy balance sheet and active claims department, the results may 
prove to be very different. 
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Considerations in Risk Transfer Testing 

1. Synopsis.  

Genesis. 
In an effort to provide some considerations to the CAS membership on risk transfer 
testing, the CAS Valuation, Finance, and Investment Committee (VFIC) conducted a 
research project. This paper is the culmination of VFIC's work. 

The demonstration of risk transfer for a reinsurance contract is required by FAS 113 in 
order for the contract in question to receive reinsurance accounting treatment for GAAP 
purposes. However, there is little supporting literature from which to draw guidance on 
risk transfer testing methodology, risk metrics, or threshold values; hence this paper. 

Approach 
After a brief introduction, this paper begins with an overview of FAS 113 (§3) and other 
related risk transfer statements (§4). VFIC conducted a brief survey of  risk transfer 
practices, which is presented in §5. Next, a series of examples are presented (§6) to 
illustrate the data requirements, methodology, and considerations involved in approaches 
commonly used today to demonstrate risk transfer in reinsurance contracts. The 
remaining sections of the paper (§7-8) are devoted to the discussion of other risk metrics 
that actuaries could use to characterize the level of risk present in a reinsurance contract. 

Conclusions. 
Methodology. FAS 113 states that risk transfer testing of reinsurance contracts must 
include 1) a thorough understanding of contract provisions, 2) a model of the incidence of 
cash flows between parties, 3) a single, appropriate discount rate, and 4) insurance risk 
only. By their absence, these requirements preclude consideration of income taxes, 
reinsurer expenses, brokerage, or credit risk in the determination of risk transfer. To 
meet the FAS 113 requirements we recommend that risk transfer analysis include a view 
of the distribution of  expected contract losses, identification of an appropriate risk metric 
and threshold values, and duration-matched or immunized yields as the appropriate 
discount rates. 

Risk Metric. Current practice tends to split risk transfer analysis into separate tests of 
probability (of an adverse result) and significance (magnitude of the result). A measure 
of loss at a given probability is called value at risk, or VaR. 

While FAS 113 couches risk transfer in words like "reasonable possibility" and 
"significant loss," the broader issue is whether a particular contract transfers risk. In this 
vein, a variety of  other risk metrics were explored. VFIC analyzed expected deficit 
measures (such as expected policy holder deficit, or EPD), tail value at risk (TVaR), and 
distributional transforms such as the exponential and Wang transforms. Some of the 
positive and negative aspects of each of these are discussed in this paper. 

Threshold or Critical Values. Over time, common practice seems to have concluded that 
a 10% chance represents a 'reasonable probability,' and a 10% loss represents a 
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'significant loss.' That is, the critical value for VaR is -10% at a probability of 10%. 
Thus we have what many term the 10-10 rule. In practice, other critical values are 
commonly used. R must be stressed that such rules-of-thumb are used in practice, but 
FAS 113 itself does not dictate critical values. 

Our analysis of  TVaR suggested that critical values in the range of -25% would represent 
minimal risk transfer. The discussion of  distribution transforms proposes a critical value 
for the Wang transform of-10% that is wholly consistent with the 10-10 rule. 

Regardless of the model employed or the risk metric used, judgment is still required as to 
where to establish the threshold or critical values for what constitutes risk transfer and 
what does not. 

Intuitively, it seems natural to judge risk transfer for a reinsurance contract by analyzing 
whether the cedant has transferred (reduced) risk, not, as FAS 113 requires, by whether 
the reinsurer has assumed risk. While the answers to these two questions may be the 
same when focusing on a single transaction (as done in FAS113), on an enterprise-wide 
basis, they can be different. It should be noted that the recommendation on Index 
Securitization proposed the opposite to FAS 113: analysis is done from the cedant's 
perspective on an enterprise-wide basis. This could lead to different accounting 
treatments for reinsurance products and index securitizations, unless both tests are 
required for securitization and industry loss triggers. 
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2. Introduction. 

The Valuation, Finance, and Investment Committee (VFIC), a CAS research committee, 
was asked by CAS membership to investigate and recommend considerations regarding 
risk transfer testing for reinsurance contracts due to the requirements set forth by FAS 
113. This paper is the result of  VFIC's research and discussions on the subject. The 
intent of this paper is to illustrate how risk transfer could be tested given the requirements 
set forth. 

FAS 113 dictates the conditions, namely risk transfer, required for a reinsurance contract 
to be accounted for as reinsurance for GAAP purposes. Failing these conditions, the 
contract receives deposit accounting treatment. The statement itself does not provide 
specific guidelines for the quantification of risk transfer;, FASB never intended to provide 
such specific guidance. 

Numerical guidelines for measuring risk transfer--such as the well-known 10-10 ru le-  
have become widely used. While often used in an audit context, auditors are not the only 
audience for risk transfer, however. Regulators, rating agencies and securities analysts all 
may want to evaluate whether or not a deal has enough risk transfer to meet FAS 113 
requirements, and typical audit criteria may not suit their purposes. 

The next section is a review ofFAS 113 and related requirements. This is followed by a 
brief review of current practice. Examples of  risk transfer testing are given, shedding 
light on key considerations. We then look more broadly at how risk transfer might be 
viewed by actuaries. 

3. O v e r v i e w  o f  F A S  113 

Statement. The stated purpose ofFAS 113 is as follows. 

"This statement establishes the conditions required for a contract with a reinsurer 
to be accounted for as reinsurance and prescribes accounting and reporting 
standards for those contracts." 

It is clear from the stated intent that FASB did not intend to make 113 a prescription of  
methodology. 

The summary ofFAS 113 goes on to portray the essence of  risk transfer: 

"Contracts that do not result in the reasonable possibility that the reinsurer may 
realize a significant loss from the insurance risk assumed generally do not meet 
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the conditions for reinsurance accounting and are to be accounted for as deposits." 
[emphasis added] 

The phrases reasonable possibility and significant loss are clearly the key considerations 
in the analysis of risk transfer, but they are largely undefined. The terms reasonable and 
significant indicate that FASB is inviting the application of informed judgment. In the 
measurement methods discussed below, a line has to be drawn to define a cutoffbetween 
enough risk for 113 and not enough. It is not the primary intent of this paper to draw 
those lines, instead different methods of measuring risk that could provide a consistent 
framework for applying such judgment are emphasized. 

Risk Transfer  Tests. Property-casualty reinsurance contracts are covered by paragraphs 
9 - 11 ofFAS 113 - "Reinsurance of Short-Duration Contracts." Paragraph 9 of FAS 
113 defines risk transfer conditions as follows. 

"Indemnification of the ceding enterprise against loss or liability relating to 
insurance risk in reinsurance of short duration contracts requires both of the 
following, unless the condition in paragraph 11 is met: 

"a. The reinsurer assumes significant insurance risk under the reinsured 
portions of  the underlying reinsurance contracts. 
"b. It is reasonably possible that the reinsurer may realize a significant 
loss from the transaction." 

Paragraph 9 is clear that risk due to "loss" refers only to insurance risk, i.e. (a) ultimate 
amount of net cash flows between the parties, and (b) the timing of the receipt of cash. 
Risk factors do not include recognition of reinsurer costs, investment risk, taxes, or credit 
risk to name a few. 

The 'condition in paragraph 11' referred to above states, "(failing tests a and b) the 
ceding enterprise shall be considered indemnified against a loss or liability relating to 
insurance risk only i f  substantially all the insurance risk relating to the reinsured portions 
of the underlying insurance contracts has been assumed by the reinsurer." (For the sake 
of  discussion, we will refer to this as test c.) The condition described in test c covers 
fronting arrangements, where a deal may appear highly lucrative, but the assuming party 
does, in fact, assume virtually the entire risk. 

So, in essence, to answer the question of risk transfer affirmatively, the reinsurance 
contract must meet either test e or tests a &. 

Except in the extreme case o f t ,  where the cedant ends up with virtually no risk on the 
ceded portions, the criteria for risk transfer does not look at whether or not the ceding 
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insurer reduces its risk. Rather the test a & b is on whether on not the reinsurer assumes 
risk ] . 

The closest FAS 113 comes to a definition of significant insurance risk is in footnote 4 to 
paragraph 11, which references FAS 97. Here, "insignificant" is defined as "having little 
or no importance; trivial." Presumably a failure to be insignificant would connote 
significance. 

Neither does FAS 113 elaborate on what constitutes a reasonable possibility. The term 
reasonably possible is used in FASB Statement No. 5, "Accounting for Contingencies," 
to mean the scenario's "probability is more than remote." 'Remote' is not defined further 
in the statement. Based on FAS 5, it can be concluded that the test is applied to the 
scenario as a whole, not to the individual assumptions in a scenario. Thus, the entire set 
of assumptions must be reasonably possible. 

Tests a & b: are discussed in paragraphs 9, 10 and 11 ofFAS 113. In paragraph 9, test a 
is characterized by 

"A reinsurer shall not be considered to have assumed significant insurance risk 
under the reinsured contracts if  the probability of a significant variation in either 
the amount or timing of payments by the reinsurer is remote. Contractual 
provisions that delay timely reimbursement to the ceding enterprise would prevent 
this condition from being met." 2 

This is the more clear-cut of the two tests, in that the reinsurer does not have to be able to 
lose money to meet it but jnst have uncertainty about both the timing and amount of  
payments. Again, "remote" is not defined further. 

Paragraph 10 discusses test b in more detail. It appears that an examination of reasonably 
possible outcomes is anticipated in order to show that this test is met. 

"The ceding enterprise's evaluation of whether it is reasonably possible for a 
reinsurer to realize a significant loss from the transaction shall be based on the 
present value of all cash flows between the ceding and assuming enterprises under 
reasonably possible outcomes, without regard to how the individual cash flows 
are characterized. The same interest rate shall be used to compute the present 
value of  the cash flows for each reasonably possible outcome tested." 

I This is in contrast to the issue of  seeuritization and reinsurance based on porarocttic t f i ~  - for cxarople whoa the i ~  ~ a 
pre-defined rconvcr / i fa  force 4 hurricane hits Florida. The t ~ t s  the NAIC is e,o~kleting fc¢ ststotory accounting in such cases 
based on whether or not the ecdant gets a reduction in undcnvHting risk from cnmSng into such a coetract. A number of tests of  risk 
reduction have been proposed to test this. However these ate not directly relevant to risk Ulmsfex under FAS I 13, all the test here is on 
the reinsurer increasing risk, not on the insu~r reducing risk. 
2 This clause was added to avoid contacts that cede losses but allow actual reimbursements according to a schedule in such a way that 
the reinsurer lacks in a profit based on the float o f  funds. 
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A simulation of randomly generated outcomes would be one way to carry out test b. 
"Reasonably possible" would then be defined using the probability of  observing a result 
equal to or worse than some critical value based on simulation output. This would be the 
likely basis of  the "10% chance" measure widely used today. 

For the set of  outcomes examined, the evaluation of  whether or not there is a significant 
loss is one where the present value of the payments to the cedant exceeds the present 
value of  the payments to the reinsurer by a threshold amount. This is never stated so 
directly, however. This section creates the companion measure of"10% loss," i.e., the 
net present value of  losses ceded is 10% greater than the net present value of  the 
consideration paid. However, when payments are based on netting out of  offsetting items, 
it can be difficult to distinguish the consideration paid from losses and expense credits. 
For instance, reinstatement premium is very similar to a loss participation. 

Paragraph 10 does provide some explicit guidance on risk transfer testing. Namely, it is 
based on 1) the net present values of cash flows, 2) on cash flows between the parties 
(e.g., no taxes, no consideration of  reinsurer expenses), 3) using a constant interest rate. 

Paragraph I 1 specifies that the test of significance of loss is relative to the amounts ceded 
to the reinsurer. Thus presumably the significance of a given loss amount, say $10,000, 
might be different given different ceded premiums, say $100,000 vs. $1 billion. Thus we 
put the two parts of the test together and have a "10% chance of a 10% loss," as opposed 
to a test in dollar terms. 

It would be easier to interpret paragraphs 10 and 11 if  they could be used to separate the 
test of a reasonable possibility of a significant loss into two independent steps: generate a 
lot of  scenarios and first test each to see if  it generates a significant loss. Then see how 
many did so, and test to see if  enough did. You would need a test of significance to do the 
first step and a test of reasonable possibility to do the second step, and these could be 
independent. 

However, the wording of these two sections keeps reasonably possible and significant 
loss intertwined. It seems completely consistent with these paragraphs to require a stricter 
standard for reasonably possible when significant loss is interpreted more broadly, and 
vice versa. Thus a 5% chance e r a  loss of 100% of premium might provide as much or 
more reasonable possibility of significant loss as a 10% chance e r a  loss of  25% of 
premium, for example. 

In fact this kind of  linkage might actually be implied by the lack of separation of the two 
phrases. Under this viewpoint one would stiU count loss scenarios as part of the test, but 
the test of  reasonable possibility would not be independent of the test of significant loss. 

Thus to sum up tests a & b: 

• test a is met i f  the reinsurer has risk of variation in both timing and amount of 
payments, and payments must be timely to meet this eriteriun; 
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test b requires an examination of possible outcomes. To meet this test, at least 
some of the outcomes have to produce a loss for the reinsurer, where a loss is 
determined using present values of all cash flows. The significance of  losses is 
to be evaluated relative to the present value of  payments to the reinsurer. The 
test is of reasonable possibility of significant loss, and it would be appropriate, 
though not required, to evaluate reasonability and significance conjointly. 

Looking at test e, the reference to reinsured portions of the underlying insurance 
contracts is potentially ambiguous. It could mean reinsured percentage, as in a quota 
share contract, or reinsured sections, as in the liability portion of a homeowner's policy. 
These are actually both rather narrow interpretations of portions and probably are 
consistent with the intent ofFAS 113. For example, i fa  company writes a very profitable 
book of auto collision insurance, so profitable that it virtually cannot have an 
underwriting loss, but reinsures some of this on a quota share basis in order to meet 
financial ratio tests, the reinsurer probably will not be able to meet test b. But test e 
would be satisfied so this deal would qualify for reinsurance accounting. Here the 
reinsurer and ceding insurer share the risk on an equal basis. 

A broader interpretation of portions would allow a portion of  a homeowner's book to 
constitute all losses on all policies in all events where the insurer's event loss is less than 
$100 million. If this qualifies as a portion, then there might be cases where a reinsurer 
could write a capped quota share in which it would be virtually guaranteed a profit even 
though the eedant could suffer a major loss on the retained book, and this would qualify 
for reinsurance accounting under test e. This broad a definition of portion could probably 
be stretched to fit in any reinsurance deal, and so would negate the need for tests a & b. 

Thus a more narrow definition of portions is implied. Interpreting reinsured portions as 
reinsured percentage seems to be well within the intent ofFAS 113. The same might 
apply to reinsured sections, particularly if  there is a separately identifiable premium for 
the sections under consideration. Conditions that do not refer to individual policy 
provisions but rather the insurer's experience on a book of policies would seem to stretch 
the intend of portions beyond what FAS 113 seems to consider. 

To sum up test e: a portion of policies has to be fully ceded, where portion probably is 
restricted to percentage or section, or something similar, and the only risk the cedant can 
retain on this portion must be trivial, having no importance. This situation describes 
fronting sorts of relationships and straight unrestricted quota share reinsurance. 

313 



Considerations in Risk Transfer Testing 

4. Related statements. 

Statutory Accounting. In statutory accounting, reinsurance is primarily addressed in 
Chapter 22 of  the NAIC Accounting Practices and Procedures Manuals for Property and 
Casualty Insurance Companies. Amendments were made aRer the GAAP adoption of 
FAS 113. As a result, the statutory accounting principles established regarding risk 
transfer and reinsurance accounting are generally consistent with GAAP. Chapter 22 
states: 

"Reinsurance Contracts Must Include Transfer of  Risk 
The essential ingredient of  a reinsurance contract is the shifting of risk. The 
essential dement of  every true reinsurance contract is the undertaking by the 
reinsurer to indemnify the ceding insurer (i.e., reinsured company), not only in 
form but in fact, against loss or liability by reason of the original insurance. 
Unless the so-called reinsurance contract contains this essential element of risk 
transfer, no credit whatsoever shall be allowed on account thereof in any 
accounting financial statement of the ceding insurer." 

SSAP 62, as part of  codification, provides the following guidance, drawing heavily on 
FAS 113: 

[§ 11 ] Determining whether an agreement with a reinsurer provides 
indemnification against loss or liability (transfer of  risk) relating to insurance risk 
requires a complete understanding of  that contract and other contracts or 
agreements between the ceding entity and related reinsurers. A complete 
understanding includes an evaluation of  all contractual features that (a) limit the 
amount of  insurance risk to which the reinsurer is subject (e.g., experience 
refunds, eanedlation provisions, adjustable features, or additions of  profitable 
lines of  business to the reinsurance contract) or Co) delay the timely 
reimbursement of  claims by the reinsurer... 

[§ 12] Indemnification of the entity company against loss or liability relating to 
insurance risk in reinsurance requires both of  the following: 

a. The reinsurer assumes significant risk under the reinsured portions of 
the underlying insurance agreements; and 

b. It is reasonably possible that the reinsurer may realize a significant 
loss from the transaction. 

IASB. The International Accounting Standards Board's (IASB) Insurance Steering 
Committee has drafted a statement of  principles on accounting for insurance contracts. 
As the statement is not final, it may well be modified before being officially released to 
the public. With these caveats in mind, it is instructive to compare the IASB's views on 
risk transfer to FAS 113. 
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As currently construed, the IASB's Principle 1.2 de~aes an insurance contract. 
Reinsurance is simply treated as a sub-set of insurance contracts. Principle 1.3 defines 
the uncertainty required for a contract to qualify as an (re)insurance contract. This 
principle, then, is closely related to the risk transfer requirement in FAS 113. Principle 
1.3 does introduce the word "materiaP' in describing uncertainty or risk transfer, much 
like FAS 113 refers to "significant." Principle 1.3, however, does not distinguish 
between underwriting risk and timing risk as does FAS 113. 
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5. Current  Practices.  

As risk transfer tests are only defined in broad conceptual terms, practitioners of  risk 
transfer testing are left to model insurance processes as they think best and define key 
terms such as "remote" and "significant" operationally. In practice, i f  the cedant 's  
analysis passes muster with their auditor, reimurance accounting is granted. Thus 
auditors, and sometimes the cedant 's  consultant, need to be able to recognize risk la-ansfer 
when they see it. 

VFIC conducted a brief, informal poll of  actuaries at two major consulting firms and 
three major audit firms regarding their risk transfer testing. In particular, the practitioners 
were asked 1) does your firm have an official policy regarding risk transfer testing, 2) 
what threshold value do you use for determining reasonably possible, 3) how big o f  a 
loss is significant, and 4) what methods are used. A brief  summary o f  the interviews 
follows. 

Respondent 1 
No 

Respondent 2 
No 

Respondent 3 
Yes 

Respondent 4 
Don't know Official Policy? 

"Reasonable 
Probability 5% or 10% 10% or 20% worst case 20% 10% 

chance" 
Significance 5% or 10% 10% or 20% 10% 20% 10% 

Compare 
expected value 

of present 
value of losses 

to expected 
value of 

present value 
premiums by 

scenario 

Establish a 
probability 

distribution of 
expected 
lOSseS, 

reflecting the 
timing thereof. 

Compare to 
the present 

value of 
premium. 

Scenario 
testing Method NA 

Respondent 5 
Don't know 

Net present 
value of all 
cash flows. 

While there are certainly differences in practices indicated above, there are also some 
common themes. First, while probability threshold ("possibility") is rarely codified, 5%, 
10%, and 20% are typical; 10% is in fact the most  typical. The critical value defining 
significance is almost always the same as the probability threshold, i.e., 5%-5%, 10%- 
10%, 20%-20%. Again, 10% is the most typical, and thus we have what has become 
known as the "10-10 rule," whereby if  the reinsurer has a 10% chance of  suffering a 10% 
loss, then the contract is deemed to have transferred risk. 

It must be emphasized that this 10-10 rule has become a de facto practice. FAS 113 
makes no reference to it, nor  does the statement define "remote" and "significant'" 
thresholds with any numbers, let alone 10% and 10%. Furthermore, the 10-10 rule has 
not been officially propagated by anyone. 
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The 10-10 rule is a test utilizing value-at-risk ('CAR) as the risk measure. That is to say, 
the ceding company must demonstrate a VaR of 10% at the 90 th percentile of  the 
distribution of the net present value of underwriting losses on the contract in question. 
And, in practice, a VaR test makes sense given the construct ofFAS 113, i.e., the explicit 
reference to probability and significance gives rise to viewing risk in two parts - 
frequency and severity. 

There are some other common practices, as well. First, the view is always prospective in 
nature. Second, "loss" as respects the reinsurer is always measured as the net present 
value of future cash flows. Finally practitioners interviewed are consistent in their view 
that reinsurer expenses, taxes, investment risk, and credit risk are not subject of the risk 
analysis. 

One problem with the 10-10 rule is that many standard reinsurance contracts, ones that 
everyone would acknowledge are highly risky, would not pass the test. Typical high layer 
property catastrophe treaties are but one example. Although these can be handled on an 
exception basis, it would be useful to have methods of measuring risk that agree with the 
assessments of  experienced practitioners. The next section uses a series of examples to 
highlight this issue as well as to illuminate considerations required in traditional risk 
transfer testing. 
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6. Examples and considerations. 

Given currently accepted practice, how could the practitioner prove that there is a less- 
then-remote-chance that their reinsurers could suffer a significant loss? Following are a 
series of numerical examples, designed to illustrate the basic data requirements and 
analysis of present day risk transfer testing. While such analysis presumably suffices for 
purposes ofFAS 113, the examples will serve to show the inadequacies of a simple 10-10 
rule (or VaR tests in general). 

Example 1. Property Catastrophe Excess of Loss 
An insurance company has exposure to southeastern U.S. hurricanes. Standard industry 
catastrophe models were applied, and the following catastrophe loss event cumulative 
distribution function was produced: 

Probabmty Loss 
0.001 63 Gr(Xll8 Cat Expoetwe 
0.005 85 

0.025 2,877 (1980 
0.~0 

0.050 26,160 0.e40 
0.100 95,939 ~ 0.~0 
0.200 303,325 0.gO0 
0.300 607,426 0.880 
0.400 1,146,366 0.eeo 
0,500 2,001,899 0.840 
0,600 3,185,892 0.820 
0,700 4,925,404 0.800 . . . . . .  
0.800 8,150,810 50,000,000 100,~0,000 160,000,000 200,0C0,000 
0,900 I 5,63,?.,088 I.OUeS In $ 
0,950 24,206,066 
0,975 38,072,833 
0,990 67,451,525 
0,995 83,683,074 
0,999 126,792,315 

0.9999 103,627,870 

Assume the company is content with a $15 million retention, roughly absorbing up to the 
one-in-ten-year event. Assume, too, that the company accepts a $50 million layer, 
thereby going through the top on a one-in-one-hundred-year event. Catastrophe losses 
were simulated according to the above distribution, end layer losses were calculated. 

1.000 
0.M0 
0~N0 
0Ji?0 

o,,mo 
o,~o 
o,lm 

~o~o~o ~ ~ ~ = o ~  ~ 
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The above distributions produce an expected gross catastrophe loss of  $6 million and an 
expected ceded loss of $1.625 million. 

Assume for simplicity that the reinsurance market is pricing catastrophe covers to a 50% 
loss ratio (premium equals $3.25 million). For this purpose we will ignore 
reinstatements. Further assume that premiums are paid in full at the beginning of  the year 
and losses are paid in full at the end of  the year. As we are dealing with short duration 
losses, a discount rate of 4 %  was used. 

Given the data and assumptions, the net present value of  cash flows between the eedant 
and the reinsurer can be calculated (shown below as ROP - Return on Premium). 

P r o l ~  Gross 
0.001 63 
0.005 85 
0,010 528 
O.O25 2,877 
0,050 26,160 
0.100 95,9~9 
0.200 302,299 
0.300 607,426 
0.400 1,146,366 
0.500 2,001,009 
0.600 3,185,002 
0.700 4,925,404 
0.800 8,150,810 
0.900 15,632,(~8 
0.950 24,206,066 
0.975 38,072,833 
0.990 67,451,525 
0.005 83,683,074 
0.999 126,792,315 

0.9999 163,627,870 

Ceded Lo~ 

632,088 
9,206,006 

23,072,833 
50,000,000 
50,000,000 
50,000,000 
50,000,000 

Remur~- 
LOSS Ratio NPV ROP 

0.0% 0.0% 100.0% 
0.0% 0.0% 100.0% 
0.0% 0.0% 100.0% 
0.0% 0.0% 100.0% 
0.0% 0.0% 100.0% 
0.O% 0.0% 100.0% 
0.O% 0.0% 100.0% 
0.0% O.O% 100.0% 
0.0% 0.0% 100.0% 
0.0% 0.0% 100.0% 
0.0% 0.0% 100.0% 
0.0% 0.0% 100.0% 
0.0% 0.0% 100.0% 

19.4% 18 .7% 81.3% 
282.0% 272.1% -172.1% 
700.1% 681.8% -581.8% 

1536.7% 1477.6% -1377.6% 
1536.7% 1477.6% -1377.6% 
1536.7% 1477.6% -1377.0% 
1536.7% 1477.6% -1377.0% 

The reinsurer's "profit curve," the trace of  the ROP versus the cumulative probability 
looks as follows. 

2oo.o~ 

.40o,o~ | - -  
-tooo, o~ 

-120oJ)~ 

.140o~ 

Retwn on Premium 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i . . . . . . . . . . . . . . . . . . . . . . . . . .  
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A catastrophe example was deliberately chosen as the first example. No one would 
dispute the clear risk transfer that exists between cedant and reinsurer in a property 
catastrophe excess of loss program. Yet the above graph clearly demonstrates that the 
sample transaction fails the 10-10 rule. At the 90 th percentile the reinsurer makes an 82% 
return on premium, thus it is not true that there is at least a 10% chance of  at least a 10% 
loss. Perhaps this can be rectified by simply choosing a different probability to reflect the 

t b  • • 'reasonable possibility," for at the 95 percentile, the reinsurer suffers a 172% loss. 

The first example illustrates a number of key points. 

1. Key considerations in this analysis included: 
• A thorough understanding of the reinsurance contract, 
• A probability distribution of expected losses, as determined by the cedant, 
• Incidence or timing of cash flows between the parties, 
• A duration-appropriate discount rate. 

2. Elements that were not and should not be considered include: 
• Reinsurer expenses, 
• Brokerage, and 
• Taxes 

3. A VaR test may work, but risk transfer cannot be judged on a single, simple rule such 
as 10%-chance-of-a-10%-loss. The whole of the reinsurcr's profit and loss curve is 
important to consider. In this case, while the reinsurer is still in a profit position at the 
90 percentile, there is clearly a precipitous and deep drop shortly thereafter. In this 
situation, the reinsurer or reinsurers stand to lose a considerable amount of money 
relative to the premium revenue. 
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Example 2: Quota Share Reinsurance Example 
In this example, an insurance company seeks a 50% quota share protection on its accident 
year results. Even though test e may apply, it may be interesting to see how tests a and b 
would view this type of contract under different risk measures. 

For the upcoming year, this company forecasts: 

Written Premium $1,000 
Earned Premium 1,000 
Accident Year Loss Ratio 75% 
Exnense Ratio 32% 
Combined Ratio 107% 

To complete this example, we assume that the insurance company in question is an 
industry-typical, all lines writer and has an accident year loss payout pattern that mirrors 
the industry total3: 

Aockkmt YNr  P~fout I ~  

-, t . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

t2 24 38 M gO 72 84 M t i l l  120 132 i44 lm  t(8 t80 
I k l l l  ~ Oet~qlaml 

The company has estimated the distribution of the upcoming accident year loss ratio as 
part of  its normal forecasting process. We assume the loss ratio is distributed 
lognormally with a mean of 75% and a coefficient of variation of 10%. 

DIIM~IIot) d t , c U  R d o  

m l ~ .  .zl, 

. u  
w.m. 

a s i a ,  . i J  
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The quota share treaty has a 30% ceding commission. Premiums and commissions are 
paid evenly through out the year. Under these assumptions, the reinsurer's profit/loss 
curve looks as follows. 

~ m m  Waam ltOP !: iiiiiiiiiiilviiiiiiiii i i iii iill 
 iiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii11 

O m n ~ o  ProNI*Urq 

At the 90.4 th percentile, the reinsurer suffers a 9.5% of premium loss. It does not literally 
pass the 10-10 rule test. However, given the precipitous drop in profitability in the tail, 
and given the inherent uncertainties of the analysis itself, it should be evident that there 
are "reasonable possibilities" of "significant losses." 

3 Source: 1999 Industry total Schedule P, all lines paid triangle from A.M. Best's. 
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Example 3: Finite Reinsurance Example 
Finite reinsurances are often the principal source of risk transfer questions. In this 
example, all underlying numbers are the same as in the quota share example. This time, 
however, the eedant is seeking protection in excess of the planned loss ratio up to a 50/, - 
point limit (i.e., the corridor from 75% to 80%). 

Assume the reinsurer charges an up front premium (often called the deposit premium, 
minimum and deposit premium, the reinsurance premium, or the margin) of $15. As is 
typical in finite transactions, for every dollar of loss ceded, an additional premium (AP) is 
charged, in this case 65% of the ceded loss. Because additional premium is ceded, the 
net expense ratio will deteriorate with increasing cessions. To compensate for the 
expense ratio effect, losses are typically "over ceded" such that the net combined ratio (or 
underwriting result) is immunized. So, here ceded losses are grossed up by dividing by 
I-AP. The ceding rule is: 

If the actual loss ratio is: Cede: 

<75% 0 

>75% (LR-75%)/(1-.65) 
subject to a maximum of the g o s s ~  up 5% limit - 5/(I -.65). 

To compute the incidence of the cash flows, we assume that the deposit premium is paid 
at the beginning of the year, and that the AP is paid in full at the end of the year. A 
recoverable is established on the company's statutory and GAAP balance sheets 
immediately when the expected ultimate exceeds the retention. Loss recoveries are not 
made until the paid loss ratio exceeds the retention. For a loss ratio of 80%, the cash 
flows between the cedant and the reinsurer would look as follows. 

1000-  

a0.0,  

~ 20,0 • 

e ~ ~ ae ~ eo 71 N u '  '" t m  l w  1 ~  1,44 I N  ~tm m 

Tlnm In Monllm 
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The cash flow graph above highlights the zeal behind using aggregate stop loss contracts, 
especially in a soft market. A ceded recoverable is established for the full, nominal dollar 
loss reserves above a certain loss ratio, but due to the time lag in receiving recoveries, the 
reinsurance price reflects a sizable discount. The difference between the discount and the 
nominal value of  the reserves in question becomes income for statutory or GAAP 
purposes. Economically speaking, no value is really created nor destroyed beyond the 
reinsurer's margin. 

Cash flows as shown above were produced for loss ratios ranging from 70% to 100%. 
For each loss ratio, the net present value of  cash flows was calculated using a 5% 
discount rate. Net present values were graphed as a function of cumulative probability 
(of the loss ratio) to produce the reinsurer's profit/loss curve. 

t w . t ~  

o.o16- 

This finite example was produced to demonstrate the 10-10 rule almost exactly. Here 
there is a chance of  a 10% loss or more at the 90.4 th percentile, almost exactly satisfying 
the 10-10 rule. 

This same graph was re-drawn for the above base case as well as eases with a 55% AP 
and a 75% AP: 

120.0% 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1®.0~ i ~  ~ " ~ ~ ~ .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

8 ,°.°- i . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20.0% -~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 0 % i  

• .40.0% j . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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In the above graph, the 75% AP program would presumably not pass risk transfer under a 
10-10 rule test. The 55% program would pass. Even in the 65% example, however, 
consideration must be given to the entire profit/loss curve, not just the 90th percentile. 
How much profit is made on the upside? How bad is the downside? 

Aggregate stop loss deals specifically and finite reinsurance in general can be 
considerably more complicated than this example. It is critically important here to have a 
thorough understanding of the contract terms. Some common variations include: 

• Funds held arrangements 4, 
• Commutation provisions, 
• Capacity charges, 
• Margin charges, 
• Inclusion of expenses, and 
• Caps on economic loss. 

Summary of Considerations in Applying VaR tests. 
Risk transfer testing requirements are prospective in nature. Thus the mean result (loss 
ratio, statutory underwriting result, GAAP underwriting result...) is a forecast of a future 
period. The actuary must account for pricing changes, loss trends, credibility, etc., i.e., 
all of  the typical on-leveling adjustments ordinarily made to historic data. 

Practitioners must go beyond the mean. The distribution associated with the mean result 
should be calculated in accordance with the model employed for the forecasting. 
Distributions can be estimated by methods applied to loss triangles, collective risk theory 
models, or variances estimated from time series of  relevant results 

A model of the incidence of cash flows is required. The model must distinguish between 
funds held and funds transferred between parties. Dependencies between cash flows and 
the magnitude of  the loss must be accounted for, e.g., the effect of catastrophes on an 
assumed loss payout pattern. Cash flows should be discounted at the same, appropriate 
rate. A risk free rate is specified, preferably a pre tax, immunized yield 

In the end, a discounted cash flow model, perhaps a dynamic model should suffice. 
Clearly a thorough understanding of the contract terms is required for a thorough 
analysis. 

"Remote" results can be judged on the basis of closed form distributions of  results, 
simulations, or through scenario testing. Significance is defined by the magnitude of the 
net present value of  cash flows between parties as a percent of revenues. 

4 Funds held arrungeraunts, wherein the cedant holds the loss fund m~d cams the associated investment income. Here the actuary must 
consider what constitutes the basis for measuring the 10% loss. Is lwemium the approp~te base? On me  hand, it would seem not, as 
it is not cash between the parties. On the other hand, FAS 113 states, 'Vayments and receipts under a reinsunmce contract may be 
settled net. The ceding enterprise may withhold funds...Determining the amounts paid or deemed to have been I~id (hereafter 
re fen-nd to as"amounts lmid") for t~insurunce requires and understanding of all contract provisions." 
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7. Beyond VaR Tests. 

FAS 113 does not prescribe a specific method to test for risk transfer. Furthermore, 
given a model, FAS 113 does not precisely define whether the model output would imply 
that the contract in question passed or failed. While we must meet the considerations of 
FAS 113, actuaries needn't demonstrate risk transfer using the 10-10 rule or VaR test 
more generally. 

Expected Deficit Methods. 
The examples presented above suggest that a single point of remote probability and a 
single critical value for significance maybe inadequate, e.g., 10-10. Instead risk/reward is 
perhaps better viewed across the entire spectrum of profit and loss (consider the property 
catastrophe example). That is, there is a trade-offbetween probability and significance. 

The 10-10 rule is used as a rule ofthurnb, for simplicity or as a starting point. Assume 
for the moment that a 10% chance of a 10% loss is, in fact, evidence of risk. It is simply 
not an exclusive evidence of  risk. What if  risk was defined by the trace of a line - almost 
akin to an efficient frontier- of those points that, by their combination of  probability and 
magnitude, define risk transfer: 10-10, 5-20, 1-100, 0.1-10007 From such a set of points, 
one coordinate measuring probability, one measuring the magnitude of  the loss, we can 
construct a single risk measure: the expected policyholder deficit (or in this case, the 
expected reinsurer's defteR). 

The graph below compares the 10-10 rule (VaR~-i0) with EPD. This graph was drawn 
using the data from the quota share example provided above. 

~ 4 e e . o % .  
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In the continuous case, expected reinsurer's deficit (ERD) is defined as 

f [ NP V (premium ) - NP V (loss ) ] f ( x )dx 
NPV (Ims)> NP V ( F~'er, dw l  ) 

In the discrete case, the expected reinsurer's deficit is 

o0  

~ .  [ NP V (premium ) - NP V (Ioss ) ] Pr( x ) 
NP V ( Ioss)>NPV ( prer4iwu ) 

That is, the expected reinsurer's deficit is the average, or expected, deficit over all values 
where a deficit exists. If  the NPV's above are divided by premiums (or cash to the 
reinsurer) the expected deficit is per unit of  revenue. Using the pairs of  numbers above, 
assuming these were our only loss scenarios, the ERD = (.10"-.10) + (.05"-.20) + (.01"- 
1.0) + (.001"-10) = -.04 or -4%. For comparison, the ERD's calculated for the three 
examples previously are as follows. 

• Property Catastrophe =-40% 
• Quota Share =-3% 
• Finite = -3% 

This metric has some appeal in that it is well grounded in actuarial theory concerning the 
measurement of  risk. It also overcomes the 10-10 rule weakness (or VaR rules in 
general) of  relying on a singular point to define risk transfer. We still have the problem 
of critical values, however: in this instance, what ERD defines risk transfer?. In the 
above examples, property catastrophe has a --40% ERE), a number significant enough to 
likely be granted worthy of risk transfer (even though it didn't pass the 10-10 rule test). 
The quota share and finite examples have -3% ERDs. Here it is less clear that there is 
meaningful risk transfer. 
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T a f t  V a l u e  a t  Risk. 
More recently, VaR and EPD measures have come under criticism in actuarial and 
finance circles because they are not coherent measures of  risk. Given random losses X 
and Y, a risk measure, 13, is considered coherent if  it conforms to the following 
properties 5. 

1. Sub-additivity: For variables X and Y, p(X+Y) < p(X)+p(Y) 
2. Monotonicity: I fX<Y,  p(X) gp(Y) 
3. Positive Homogeneity: for g>0, p(kX)=~.p(X) 
4. Translation Invariance: p(X+a) = p(X)+a 

The sub-additivity property simply requires that the combination of  two risk factors does 
not create additional risk; in fact, risk is the same or less. Value at Risk, despite its 
popularity, violates this axiom. 

In the alternative, Tall Value at Risk, or TValL is a coherent risk measure. TVaR is equal 
to the expected value of  a loss variable, say X, given that X exceeds the critical value 
V a l ~ ,  i.e., 

TVaRa = E[X Ix > VaR. ] 

If a is the probability of default, then VaRa is the total assets, and TVaR may be 
expressed as: 

TVaRa -- ¢z*assets + EPD, or TVaR oc assets + EPDJct 

As in the EPD ease, above, TVaR can be represented graphically as follows. 

................... I . . . . . . . .  c ~ - . , L ) Y . . . ~  ) . .......... 

s See the discussion in Meyers [2] 

328 



Considerations in Risk Transfer Testing 

TVaR's were calculated for each of the three examples above at the 90 th percentile. 

• Property Catastrophe = -319% 
• Quota Share =-42% 
• Finite = -23% 

Recall from the previous section that the "ERD" did not discriminate between the quota 
share contract and the finite contract. TVaR does, and indicates that the quota share 
contract has more risk. 

We do not have enough research, or perhaps even the prerogative, to suggest a threshold 
TVaR that implies a contract passes risk transfer. However, in the examples presented 
here, a finite euntract, that by all accounts only marginally passes more traditional, 10-10 
test and has no meaningful downside beyond the 10% loss, has a TVaR of -23%. 
Perhaps this suggests a threshold value in the 20-25% range or less would reflect minimal 
risk transfer. 

Other Coherent Risk Measures 
Coherent risk measures are characterized statistically as expected values of outcomes 
under adjusted probability distributions. For instance, TVaR, is expressed as: 

E [ x  I x > V a ~  ] 

This could equally well be expressed as the adjusted expected value of  X under 
transformed probabilities, where the transformed probability is zero for X < VaRa and is 
the actual probability adjusted to sum to unity otherwise. 

This particular measure has been criticized on at least two grounds (e.g., see Wang 
(2001) A Risk Measure that Goes Beyond Coherence, Institute of Insurance and Pension 
Research, Research Report No. 18, University of Waterloo). First, it ignores all results 
below VaRa. Second, it just measures losses above VaRa on an expected basis, which is 
an under-weighting compared to moment-based measures, which use higher powers to 
represent the extreme risks of extreme events. 

An alternative probability adjustment, which produces an alternative coherent risk 
measure that addresses these concerns, is provided by the Wang transform. This 
transform adjusts each scenario probability u by first calculating the normal-distribution 
percentile of  u, then applying a functional transform to that percentile, and finally taking 
the normal probability of the transformed percentile. In mathematical notation: 

Let ~(x) be the standard normal cumulative distribution function, and ~-I(u) be its 
inverse, the percentile function, which applied to a probability u gives the corresponding 
percentile. Let h(x) be the percentile distortion function. Then the probability transform 
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applied to a cumulative loss probability u is v = g(u) = ~[h(~-I(u))]. A simple example is 
to take h(x) linear, such as bx+a, or even an additive constant, such as x+a. 

One use of  risk measures is to calculate the market price of  risk transfer. Wang has 
shown that prices of  risk in a number of  markets, including catastrophe bonds, corporate 
bonds, and stock options can be approximated fairly closely by choosing the appropriate 
h function for each market. (Risk pricing may vary across markets in part due to the 
degree of  hedging and liquidity available, as well as to the degree to which financial 
results are subject to sudden large drops.) The key issue to getting the right h function is 
applying enough probability distortion in the tails of the distributions to capture the 
market reaction to tail events. However, even a linear h function provides a non-linear 
price effect in the tails, and thus can be used for benehmarking. 

Quantifying the market price of  the risk inherent in a given transaction could be an 
alternative method for determining if  there is enough risk transfer to satisfy the 
requirements ofFAS 113. Even i ra  contract is priced above the market value of  the risk 
it has, it still might meet the FAS requirements for risk transfer. However, as significant 
loss is to be interpreted relative to ceded premium, a deal could fall risk transfer, but pass 
if  the premium is reduced. Thus there is a pricing continuum from weak pricing to strong 
pricing to excessive pricing to not enough risk transfer for 113 to no risk at all. 

As an example of  the application of  the Wang transform to risk transfer, let h(x) -- 0.Tx - 
1.3. This gives prices quite a bit above market standards, but might be in the area 
between excessive pricing and no risk transfer. To apply this to risk transfer testing, a 
number of  scenarios can be simulated showing the present-value profitability to the 
reinsurer for each scenario, and resorted into a cumulative probability distribution. The 
expected value of  the profit should be positive under this distribution, or the reinsurer 
would not be interested. But i f  you distort the probabilities with the Wang transform to 
give more weight to the adverse scenarios, the transformed expected value could be 
negative. If  it is negative with the target h function selected, then risk transfer would be 
deemed to be established. 

With the linear h assumed, the 50 excess 15 catastrophe cover in Example 1 would pass 
risk transfer, with a transformed mean of  --440%, and would still barely pass (with a 
mean of-2%) with the premium increased to as much as $25M., which gives a 1% 
probability of  a 92% loss. This premium is well above typical market standards, but may 
be in the gray area between no risk transfer and excessive pricing. Setting the h function 
would be the judgment part of this approach. With these values, the quota share from 
Example 2 easily passes risk transfer with a transformed mean return of-19%. 

Premium for the catastrophe cover much above $25M would fail risk transfer by this 
standard. It might seem unusual to find a catastrophe cover not meeting risk transfer, but 
grossly overpriced catastrophe covers could be used as payback or to add the appearance 
of  risk to basically cosmetic deals. An actuarial risk-measurement procedure should be 
able to identify them. 
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Exponential Transform 
Oakley Van Slyke and Rodney Kreps, in an unpublished manuscript [2], suggest another 
possible approach to testing risk transfer through measuring the capital cost inherent in a 
reinsurance transaction. This is based on the work of Karl Boreh, 1962 on quantifying 
risk costs. Borcli shows that under certain assumptions the only risk-reflecting pricing 
transform that properly measures risk cost is an exponential transform. His assumptions - 
as discussed in C_duseppe Russo and Oskley E. Van Slyke [4] are essentially: 

There are no arbitrage opportunities. That is, the cedant would never pay more 
to cede a loss than the amount of the loss. In turn, no one would be able to sell 
insurance for a premium greater than the amount of  the exposure. 

The evaluation of an alternative is robust with respect to the input dam. That 
is, a small change in an input parameter should not lead to a large change in 
the evaluation of an alternative. 

• The evaluation of an alternative is robust with respect to the analytical process 
one is using. For example, making small refinements to a particular scenario 
should not drastically change the evaluation of a particular alternative. 

• The evaluation of an alternative is robust to changes in the time scale. For 
example, changing the time intervals of the analysis from quarterly to monthly 
should not have a significant change in the evaluation of an alternative. 

If  there is no risk, one can determine the present value of a stream of  future 
cash flows by discount factors derived from the term structure of interest 
rates. 

These assumptions lead to establishing an equivalent constant risk-adjusted value (RAV) 
of a risky deal, subject to the risk capacity c that is carried. First let X represent the 
random loss from the deal, prior to any premium payments Then the Risk Adjusted Value 
of  liabilities for risk-carrying capacity c > 0 is: 

RAV(c)=cln E e 

this emphasizes large losses, more so as c is small and less so as c is large. 

The risk load to take on these liabilities = RAV(c) - E[X], is then expressed as: 
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Van Slyke and Kreps then impose the condition that the capacity available is a multiple 
of  the risk load: 

If you subtract a constant premium p from X and then evaluate the risk in the deal, E[X] 
and the RAV also decrease by p. Thus the risk load to package and resell the whole deal 
is the same as that for the losses alone. Then taking the financial scale as multiples ofp 
would make X the negative of  the return on premium. Taking Y = - X  as the return on 
premium gives: 

n = E[Y] + (rds) in E[e- sY/n] 

as the equation for the risk load as a percent of premium for reselling the entire deal. If 
the market s is known, this equation can be solved numerically for n, which then can be 
used to compute the risk adjusted value of the deal. If  the RAV is positive, the price is 
below market levels. I fRAV is slightly negative, the deal is priced above the market, but 
still could be fairly risky. As with the Wang transform, however, when the RAV is too 
negative, the pricing eventually crosses the line between excessive pricing and no risk 
transfer. 

Van Slyke did some other research that suggests that s = 0.4 would fairly represent 
pricing in a number of  financial markets. This value will be assumed in the discussion 
which follows. 

Taking the RAV cutoffpoint for return on premium as RAV =-70% would be similar to 
the Wang transform values illustrated above. For Example 1, the RAV would be about 
positive 75%, which would suggest that the postulated pricing is light in terms of market 
risk pricing. With the premium increased to $25M, the RAV drops to - 67.2%, so barely 
passes risk transfer by this standard. For the quota share Example 2, the RAV is about 
25%, which suggests there is considerable risk remaining in this deal. 

The Berth approach is based on somewhat different market assumptions than the 
transformed distribution approach. Although these are consistent for independent risks, 
there could be inconsistencies for correlated risks. For example, see G.G. Venter, 
Premium Calculation Implications of  Reinsurance without Arbitrage, ASTIN Bulletin 21, 
#2, November 1991, where it is shown that arbitraga-free pricing for both correlated and 
independent risks can be done only with expected values from transformed distributions. 
This was one of  the precursors of  Wang's work. However by just focusing on the ending 
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distribution and ignoring intermediate changes in value, distribution transforms fall to 
account for the sudden drops in value that are modeled in stochastic financial pricing 
methods. The potential for discontinuous price drops seems to require more risk 
premium, possibly because dynamic hedging strategies are less effective. Thus although 
probability transforms on ending distributions can produce good benchmarking rules, 
they are not as fundamental as the financial stochastic process models, and have to be 
calibrated separately to each market studied. 

T r a n s f o r m e d  10 - 10 R u l e  
If the 10 - 10 rule is accepted for normal distributions, then a transformation can provide 
an equivalent standard for skewed distributions. 

To see this, let Xrepresent the ROP (return on premium) of  the contract to the reinsurer, 
when this is negative and zero otherwise. For this variable X with distribution F, define a 
new risk-measure as follows: 

1. For a pre-selected security level a=10%, let X = O-I(a)= -1.282, which is the 
ct-th percentile of  the standard normal distribution. 
2. Apply the Wang Transform: F*(x) = ¢D[O-I(F(x)) -,~]. 
3. Calculate the expected value under F*: WT(cx) = E*[X]. 
4. IfWT(a) < -10'4, it passes the test, otherwise it falls the teat. 

When X has a Normal(Ix,e:) distribution, WT(ct) is identical to the 100¢x-th percentile. 
This serves as a base or benchmark for 10-10-rule. For distributions that are non-normal, 
WT(a) may correspond to a percentile higher or lower than ¢t, depending on the shape of 
the distribution. 

For Example 1, the catastrophe layer, these values of the transform are a little less strict 
than the tests evaluated above, with premium as high as $34M for the layer meeting the 
test. For Example 2, the quota share, WT(0.10) = -14.39% < -10%, so it passes the 
transformed 10-10-rule. 

In conclusion, at its core, FAS 113 requires only that risk transfer be present to gain 
reinsurance accounting treatment. FAS 113 does not require a 10-10 role in gauging the 
risk transfer. The preceding sections offered some alternative measures such as TVaR, 
the Wang Transform, and the exponential transform for judging the degree of risk. 
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8. Beyond FAS 113. 

Insights from the Securitization Task Force. 
As configured, FAS 113 requires that the cedant establish that the reinsurer has assumed 
some amount of  risk. If  one were to consider the evaluation of risk transfer beyond that 
which is described in FAS 113, it would seem preferable that the cedant demonstrate a 
complementary concept: that they have, in fact, ceded risk. Thus, risk transfer would not 
be defined based on cash flows between parties, but rather the changed risk of the cedant 
- before and after application of the contract in question. This is essentially the logic the 
Index Securitization Task Force has used in proposing methods and metrics for 
companies to justify whether or not a hedge should qualify for reinsurance accounting. 

The Index Securitization Task Force, in its paper [1], Evaluating the Effectiveness of 
Index-Based Derivative in Hedging Property~Casualty Insurance Transactions, describes 
potential quantitative measures of hedge effectiveness. These include change in 
Expected Policyholder Deficit, change in Value at Risk, change in Standard Deviation, 
coverage ratio and correlation. Of these, the first three examine the reduction of risk 
attributable to the hedge. At the request of the task force, VFIC narrowed this list to two 
measures that best demonstrated a reduction in exposure to loss, thus enabling a hedge to 
receive underwriting accounting treatment versus investment accounting treatment. 
These measures are: reduction in Tail Value at Risk and reduction in Standard Deviation. 

As discussed above, Tail Value at Risk is defined as the average of  all loss scenarios over 
the 100vth percentile, where p is a selected probability level, such as .90. One can 
consider this measure a melding of the expected policyholder deficit and value at risk 
measures. The tail value at risk measure captures both the probability and magnitude of  
large under-recoveries. Based on empirical studies, the committee found that tail value at 
risk produced more consistent results than value at risk when the probability levels were 
varied. 

The other measure the committee recommended, reduction in standard deviation, 
distinguishes between true hedges and speculative investments since it is sensitive to both 
upside deviation and downside risk. 

With respect to the degree of risk reduction, one may consider that risk has been 
transferred if  both or either of these measures demonstrates that their value is less 
following the application of the hedge or reinsurance contract. A more conservative view 
would set specific thresholds by some predefined amount. 

Given this application of risk measurement for gauging the effectiveness of a hedge for 
reinsurance accounting treatment, it is not inconceivable that the same sort of standard be 
utilized to gauge risk transfer in reinsurance contracts. In fact, in the absence of 
consistent treatment, there is the potential for different standards and approaches to be 
applied when evaluating a reinsurance contract for risk transfer versus evaluating hedge 
effectiveness for index-based securitization. 
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9. Conc lus ions .  

In order to garner reinsurance accounting treatment for GAAP accounting purposes, a 
reinsurance contract must meet the requirements set forth in FAS 113. FAS 113 requires 
that a reinsurance contract transfer risk. There is little supporting literature to find 
guidance in what constitutes an acceptable demonstration of  the existence of  risk in a 
reinsurance contract. In an effort to provide some guidance to the CAS membership on 
risk transfer testing, VFIC conducted a research project on risk transfer. Based on this 
research and analysis, VFIC concludes: 

1. Statement. FAS 113 requires the reinsurer to be exposed to a "reasonable 
possibility" of a "significant loss" from the "insurance risk," but it stops short of  
prescribing methodology for testing, metrics for measuring, or specific thresholds 
to judge risk transfer against. This is appropriate given the diversity and 
complexity of reinsurance transactions. 

2. Methodology. Regarding methodology, FAS 113 articulates that risk transfer 
testing include: 

• A thorough understanding of contract provisions, 
• A model of  the incidence of cash flows between parties, 
• Cash flows should be discounted at the same, appropriate rate, and 
• Incorporating insurance risk only 

These requirements preclude consideration of  income taxes, reinsurer expenses, 
brokerage, or credit risk in the determination of risk transfer. 

To meet the FAS 113 requirements, we recommend that risk transfer analysis 
include: 

• "'Reasonable possibility" requires a view of the distribution of  
expected contract losses, 

• Identification of  threshold values for "reasonable possibility" of a 
"significant loss" based on the loss distribution, and 

• Duration-matched or immunized yields as the appropriate discount 
rates, 

3. Metrics. Current practice, born out of the phrases "reasonable possibility" of a 
"significant loss," splits risk transfer analysis into separate tests of  probability and 
significance. Using a singular loss metric for a given probability is a metric 
known as Value at Risk, or VaR. This paper offered examples of three types of  
reinsurance contracts and calculated a VaR for each using 10% as the "reasonable 
possibility. " 

One weakness of VaR is that it does consider only a single point on the loss 
distribution. While FAS 113 literally speaks to the existence of  a "reasonable 
possibility" of a "significant loss," the broader issue involved with FAS I 13 is 
whether a particular contract transfers risk. In this vein, VFIC explored risk 
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metrics other than VaR. First among these was expected policyholder deficit 
(EPD). Expected deficit methods were able to illustrate risk transfer for a 
property catastrophe example where the standard VaR measure (with ct=10%) 
was not. 

Both VaR and EPD measures have been criticized as risk measures because they 
are not coherent. Tail Value at Risk (TVaR) is a coherent risk measure. TVaR 
was analyzed, as well, and was found in simple examples to discriminate risk 
levels between contract types where EPD and VaR did not. Even TVaR has been 
criticized as a risk measure in that it ignores losses below VaRa and loss above 
VaRa are treated on an expected basis only. 

Distributional transforms were researched as alternatives to traditional risk 
measures. Transforms are coherent and address the shortcomings of  TVaR noted 
above. The exponential and Wang transforms provide risk transfer metrics 
founded in the risk load required for a market-based transaction to transfer the 
risk. 

4. Thresholds or Critical Values. Over lime, common practice seems to have 
concluded that a 10% chance represents a reasonable probability, and a 10% loss 
represented a significant loss. Thus we have what many term the 10-10 rule. 
This rule-of-thumb is really just a statement of the critical values associated with 
a VaR risk measure. There are clearly exceptions to this "rule," as other critical 
values are frequently used in practice. 

A sample finite reinsurance contract, designed to have minimal risk transfer, 
generat~i a TVaR of-23%. While this represents limited research, it may suggest 
a minimal threshold value for demonstrating risk transfer with this measure. 

Section 7 proposes a transformed 10-10 rule for the Wang transform, suggesting a 
critical value o f -10% from the mean of  the transformed distribution as an 
adequate demonstration of risk transfer. 

Regardless of the model employed or the risk metric used, judgment is still 
required as to where to establish the threshold values for probability (frequency) 
and significance (severity) for VaR tests or for pass/fall more generally for other 
risk measures.. 

5. Intuitively, it seems natural to judge risk transfer for a reinsurance contract by 
analyzing whether the cedant has transferred (reduced) risk, not, as FAS 113 
requires, by whether the reinsurer has assumed risk. On an enterprise-wide basis, 
the two can be different. On a single transaction, as FAS 113 addresses, the two 
perspectives may be the same. However, it should be noted that the 
recommendation on Index Securitization proposed the opposite: analysis is done 
from the cedant's perspective on an enterprise-wide basis. This could lead to 
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different accounting h-catmcnts for rcinsurancc products and indcx securitizations, 
unless both tests arc required for sccuritization and industry loss trisgcrs. 
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Abstract: This note investigates ways to f i t  individual claim loss data to a 
prior known "'underlying severity level" by adjusting the relative 
importance, orweight, assigned to each claim. Here, "'underlying severity 
level" is measured by the weighted mean cost per case. The paper also 
generalizes the approach to accommodate fitting higher moments o f  the 
loss distribution, especially the variance. It establishes the existence o f  an 
optimal reweighting, but whose calculation may be too difficult for  
practical application. To address this, the paper describes two easier 
calculations, one designed to f i t  only the mean and another to f i t  both 
mean and variance. 

Section I: Setup and Notation 

Let X be any firfite set, by a weight on X we simply mean a non-negative 
real-valuedfunaion ~o:X ~[0 ,**) .  In this case will also refer to¢o asa 
weight andrefertotbepair(X,fo) is a weighted set. But we will oflen 
abuse this formality and just refer to Xas weighted by o~. For any finite 
set X ,  welet ~xl=munber ofelcanents in X.  When Xis weighted by to, 

we use the notation: 

IA~ = ~ o)(x), for any subset A c X. 
, t ed  

We note two simple properties that a weight to on X may or may not 
have: 

to ispositiveifandenlyif(o(x) >0 for everyx~ X 

6o is a probability weight if  and only if [A~w = l . 
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It is clear that the concept of  a discrete probability density on X exactly 
coincides with what we are here calling a probability weight. 

Nowlet X c IR be any fir6te set ofreal numbers and ¢oaweightonX. 
By comb'ming the weights of elements of  X tbat are equal, we can withont 
any loss ofgenexality writeX = {x~ < x  2 <. . .<  x,} as aseries of  n distinct 

ntmabers in ascending order. Thinkofthex s as representing the distinct 

loss amounts from the claim sample X,  arranged in increasing order to 

facilitate a size of  loss analysis. Now take any Z E R with x~ < z < x , .  

It is intuitively clear that there exits a weight t~ on Xfox which z is the 
weigh~ ~ :  

Ifwe define yet a third weight p on X by setting - ~ Thenwe 

can think of p as a multiplicative adjustment factor to the weight ~ that 
reweights the weighted set X to give it the given mean z while holding 
the total weight constant. 

Section II: Moments of  Finite Claim Samples 

This paper pursues the question of how to come up with an appropriate v .  
For this purpose, we introduce the formal  moments of X,  relative to any 

function 1) : X ----> R 

Iz k = lik ( X  , ~)  = ~"~-~'~xO(X)Xk , O < k < n -  l .  

Ixlv 
Observe that when 19 is a probability weight, this is just the usual first 
n - 1  moments ofthe claim sample X.  It tums out that for any veetor of  
potential formal moments of  X,  say m = (1,ml,..ran_l), there is a tmiquely 

defined function v ( m )  : X  ---> R suchthat: 

(*) m k = # k ( X , v ) ,  O < k < _ n - 1 .  
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To vefifythis, recall the n x n  Van der Monde matrix: 

I 
1 1 ... 1 ] 

-- xj x 2 "" X R 
v = v ( x )  - -  ~ : • . 

n-I  X2,-I  n-' 
X I . ' ,  X n 

whose detemainant: 

~ t ( v ) =  l=I(~, -x~) > o. 

provides a standard exercise in introductory linear algebra texttmoks. The 
vefificalion is by induction ( m n .  Case n = 1 holds 'vacuously and case 
n = 2  is dear. Regard the xt as constants and construct the n - l d e g r e e  
polymmial: 

Ii 111 p ( y )  = Det l x2 "'" X,_; 
• : : - . 

n - I  X n - I  - 1  
LXI n=l 'X2 """ n-I Y 

Note that substituting y by any of x~ ..... x,. 4 results in a malrix with two 

identical coltmans. But then clearly p(y)  has the distinct roots xa,...,x,_4, 

and we may write p ( y ) =  a I ' I  ( Y -  Xt), where the eonstant a is the 
ISl<n 

eoeflieient of y ' - ' .  But expanding the determinant along eohann n and 
invoking the induction hypothesis: 

i 1 .-. 1 / 
a = Det i x2 "'" x~-I _ : : ~ - 1 1 : , - - J ;  

• I11j<l~ n-I 
XI n-2 X2 n-2 "'" X n-2 

n-I ..I 
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Vv'hencc: 

Det(V)= p(x.) =a l i ( x  , -x,)= 1-I(x,- x) l- I(x. -x;)= l-I(x¢ -xs),. 
l~i<n l~j<l~n-I I$i<n I~ij<i~;n 

that completes the haduetion. 

Now we can naturaUy identify any function I) : X ----) R withtherow 

vector (o(x,),  o (x  2 ),...v( x ,  )) .  With this notation, observe that (*) is just 

thematxixequalion: Vo r = m  r . Sineetlcnmlxix Vis  no~ingul~,f l le  

fiacdon D : X ----> Rean be caleulated from v r = V-~mr, estab~shing 
bothexistene¢ and uniqueness of  o .  In theory, this provides a way of  
determining whefllcr a weight v exists on X that ¢w~ights the claims to 
fit the given set o f  n moments, and even provides a way to calculate i t  In 
practice, howevcx, the claim sample may be very large and this may not be 
very practical. 

More likely, we are only concerned with fitting the first few moments o f  
the claim sample X to  a set of  momem values derived from empirical data, 

say r~ =(n~ o = l , r~ , . . .~ , ) ,  k<- n .  The m o m ~ t s  must  be reasonable in 

relation to X ,  for example we clearly must have: 

x~mj <mj+~ <x mj l < j < k .  

Which would be assmed, say, if all lhe empirical claim costs fell within 
the range of  X .  

When k = 1 it is clear that the set o f ' ~ ) s s ~ l e "  moments over all 
probability weights on X is just: 

M , ( X )  = {(1,ml) I xl < ml < x~ }. 

The case k = 2,  which correslxmds to fitting both the mean and standard 
deviation, is more complicated and so we consider sub-cases. 
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Sub-case k = n = 2,  here fl~e reader can easily verify that: 

M2(X ) = {(l,m I ,m2) ]xt < ,.~ < x2, m 2 = x2(m 1 - x , )  +m,xa }. 

Sub-case  k = 2, n = 3 , he tc  w e  claim that 

~ ~ [  i x I <m, < x  3 < x a ( m , - x l ) + ~ x '  ] M2(X)=L(l'm"m31Max(x2(m,-x~)+m,x,,x3(m, -x2)+ m, x2) <m2 

To verify this, considex the set of  2 simultaneous equations: 

m, =o~x~ +o~x, +(1-o~ - o ~  
m 2 = ¢OlXl 2 +¢.02X ~ + (1-- O~ - ¢02)X ~ 

which may be rewritte~ as: 

~ , -~ - -  o~(~,-~)+o~(x,-~) 

Considering m~,~ as unknowns, we know from the above that theteis a 
unique solution to these equatiom, h fact, we let the reader verify that the 
solmi~ is: 

O~ __ ~q2 --  X32 "[" (X3 --  ml XX3 "~- x2 ) ,  _.~ x2 -/lq2 - ()£J --  r/~l XX3 "[" xi ) 

- ( ~ , - ~ , X ~ - ~ )  ~ (~ , -~X~, -~ , )  

Note too that 

x~-m~ -¢~-.~Xx~ +x,) 
+o~ = (~,-~X~-~) 
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Considering to~,o h as weights, we see that they define a probability 

density with moment vector ( 1, mj, tt h ) ~ M2 ( X ) exactly when 

to~ > 0,¢o 2 > 0 and to~ + to z < 1. Now the reader can easily check that: 

x2(mt-xl)+xxl<m2 ¢=~ (ol +0~ < 1 

x3(ml -x2)  +xx2 < m  2 ¢~ o h 2 0  

m2 < ~(/r~ - xj) +nltx t ¢:~ 0)2->0 

fi'om which our claim follows. There ren-zi~: 

Sub-case k = 2, n > 4, 

M~(x) ={O.~,m~)l a < ~  < x., ~.(,~ -~._,)+ ~ ._ ,  <m. <~.(~ -,q)+ ~a}. 

To prove this, let ( 1 , ~ , m 2 ) ¢  M 2 (X)  and let to(xl) = ~ be the 

conestmnding probability weight  As before, we consider the set o f  two 
simultaneous cquafiom: 

,~. - ~ =,~(x.  - ,~ )+o,~(,~. - ~)+. . .+o, ._,(x.  -x._,)  
x: - , ~  = @ :  - x: )÷ @ :  - ~ )÷... ÷~,._,(,,: - ,,:_,) 

Eliminating the"tmknown" to,_~ gives: 

~: - ~ - ( x .  ÷ x~ ,  Xx. - ~ , ) - - , ~  (~: - ~ ,~-  (x. + x._,Xx. - ~ )) 

+o,._~(x:-x~_~-(x. +x.~Xx.-x._~)) 
This can be rewritten as 
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Since the ixobability weights ¢o~ > O. this dearly implies that: 

m~ _> x. (m, - ~._,)+ re, x._, 

Observe too that 

It follows that rn 2 is maximized by assigning as rm~h weight as possible to 

x~, i.e. by making oh as big as possa~le. Now, for fixed weighted mean 

ma,themhkntma x~ gets maximmn weight when it is required to offset 

all by itsdfthe maximtma x.. Note that in that event: 

,n, = 6 x ,  + 0 - 4 ) ~ .  ~ - x ' - m '  
X n - -  X I 

From this, we see that: 

m2<-x.(m,-x~)+mtx,,.a+~,(x,,_,-xtXx,,-Xl) 
=x.(,,,,-x._,)+m,x._, +(x._,-x,E-,,,,) 

And we have shown lhat 

M~(X3 = {(1,m,.,,~) I ~ , ---~ <_x.,x.(m,-x._,)+,,,,x._, <,,,~ <_x.(m, - ~ ) +  ~ , } .  

Conversely. let ( 1 , ~ , % )  belong to the right hand side and let 

z~ = x  a < z  2 =x._~ < z  3=x . .  
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Than we find that 

~ ( ~  - zO+~ ~=x._, ( ~ - ~ )+~x, 

=~(,~ - ~_ , )+~ ._ ,  _< x~(~ - ~_, ~-,~ ~_ ,=~(~  - z ~ - ~ z ~  

<m 2 

-< ~( ,~  - ~ ) + , ~ = z ~  (.~ - zO+~z , -  

It then follows flora the ease n = 3 that (1, ml, rn 2 ) ~ M e (X) whence: 

{(1.mi,m2) I x ~ _<r~ <_x.,x.(m~ -x._t)+m~x._, <_m~<_x~(m~ - x 0 +  m~xi}c_ Me(X) 

and the proof is complete for the sub-ease k --- 2, n _> 4. 

That argamaent readily extends to: 

Case 3 < k < n :  

x~ <~_<x~ [ 

j x~ -~_~ Mk(X)c_, ',l,~ ..... m~l x~ _(x, _mt ~f )<  . I x  ~ -J "~ "~ < 
t.x.-x._~ ) ~ x . - x ,  ) 

To prove this, again let (1,~,m 2 . . . . .  m k ) ~ M k ( X ) and co(x,) = ~ be the 

corresponding probability weight. We have a set of k simultaneous 
equations: 

x.-m~ --,ol (x , - x, )+o,2 (x . - x~ ) + . . .  +o~..~ (x.  - x..~ ) 

x2 + + 12 2 - 2) "" ° 9 . - A x . - x . - l )  

k k k k 
Xn_mk = O ) l ( X n . X  )÷O)2(X: X k '  ÷ ' k - 5 )+ . - .  cO..lt~.-x~.,)  

Now fix j ,  1 _< j < n and define the function 
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f(,,) = x.~- x, -(x. - , , )g -~L,. 
x. - x,,_, 

Letting p =  x, >l ,weseethatforx~<x<x, ,_~:  
Xn.. I 

J --Xn_ xJw.I p J - - 1  
= _ j ~ .  + x. = _ j ~ _ ,  + = (1 + p + . . . + p - ) ~ : ~  - j ~ - ,  > o. 

d x  x .  - x._ I x.-i  p - I  

And so f ( x ) is an increasing fmcfaon on ( x~ , x .q  ) . Since f ( x._, ) = O, we  

see that 

0 < -f(x,, ._ 2 ) < - f (x ,_s )< . . .  < - f ( x  2 ) < - f ( ~ ) .  

E l m r ~ n g  the "unknown" ~o,_~ between the two equations involving m, 

and m j  giVe: 

X j -- X j n-2 
x j -mj-(x.-ma) . . . .  ' -ZO~ff(x,) 

Xn --  Xv,.- 1 i=-I 

m j  = xJ. - ( x .  - m , )  xj" - x j  "-' 
"-' + Z( -  f(~,))o,, 

Xn ~ Xn-I i=1 

This deafly implies that 

x ; - ( x . - ~  " "-' l ~ m  j.  

It follows, as before, that for any fixed m,, mj is maximized by assigning 

as much weight as possible to x~, i.e. by making o h as big as possible. 

And again, for fixed weighted mean mt, the rnhahrnanxi g ~  maximmn 

weight whenitis requited to otfset allbyitselfthemaximtma x.. Recall 
that: 

m, = ffhx, + (a - ~  )x" =~ dh = x" - m' 
X n - -  X I 

and from this, we see that: 
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mj  ~_~x j - ( x  n -ml) xnj -~-1 _4f(x~) 
X n -- Xn_ I 

_ ~ ~ - ~ _ , _  x .- ,~ x ~ _ g _ ( ~ _ x , ) X . - ~ . _ ,  
- x" - (x" -~ )x . - x . - ,  t. ~È-x~ k ~-~.-, 

_ J _  J 
-- X j ( X n fiql ~xJ  xJ ~ x j  IX ~ X~ X 1 
- . - / ~ l k  . -  ~ 1 -  . - t  . - m l A ~ /  k x. -x, ) k x. -x, ) 

We have shown that 

II, r~ ..... mD x ~ x~ <- m, <_ x, l 
Mk(X) ~ '  - (x  - nt ~1 ~"-7~-----2~[< m. < ~  - ( x .  - m  i 

"" '"V.-x.~ ) -  • kx.-x~ ) ! 
for 3 < k _< n ,  as required. 

The point of  this discussion, as regards using weights on a set X to fit 
pre-assigned moments, is that the number of  elements of  the set X lirnils 
the ntanber of  moments and the ~ and maxinaan values of the set 
X detemaines the allowable range of the moments. In p,~eular, it may 
be advisable to arrange for X to encompass outliers, even at the expense 
of X being representative of claims exlmience, especially since it will be 
reweighted anyway and by design such outliers do not "adversely" impact 
the mean. 

Section III: Finding the Weight 

On the other hand, now suppose that (X ,to) was built to be representative 

of the kind of claims we are investigating and so we want to stay as "close 
as possible" to weight r.o, in some sense. 
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Define the subset 

P=  (o~, ,¢o2, . . . ,o~, )10<w ~, o h = l  o R "  
.=  

that corresponds to probability weight functions. Note that this subset is 
closed, convex, and compact. Consider the (k + 1)xn matrix (of 
maximona rank): 

v ,=v , (X)  x, x~ 

x x 2 x .  

Suppose we are given a vector th = (1,th,...thk) presumably derived from 
empirical data, and we are assured (or we refer to a characterization of  
covered moment vectors, as above, and augment the range of X if 
necessary) that the solution set 

S =Pn{v~ R" I V,v" =@'} 
is not empW--in fact it is convex and compact. Since the norm fimetion is 

continuous, it then follows that there is some 190 E $ such that 

I1 o - ~0  II : M i n  ~ o  - v l i l y  ~ S } 

maldng 190 ¢ S in some seine an optimal reweighting of  X ,  inasmuch as 
it fits the required moments while staying as close as possible to the 
original weight ¢o. We have verified that there exists a well-defined "best" 
solution, not necessarily unique, to the task of reweighting (X,o~) to fit a 
given set of moments. 

Even though the set S is convex and compact and fairly well described, 

in ge~ml it is no picrtic finding DoE S that minimizes the distance to a 
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point. We conclude this paper with two simpler approaches that, while 
lacking in theor~cal appeal, are simple to implement. 

Approach 1: Suppose, as above, it remains a priority to use a weight as 
near as practical with the original weight co but we are only concerned 
with fitting the weighted mean to a given value lh ,  which we assume 
satisfies xt < n~ < x~. Consider the piecewise linear function: 

f(;t,t) = M a . ~ 0 , 2 f t t + l - f t )  2 ~  R , t ~  [0,1] 

Notice the following limits: 

f ( ~ , , t ) = J O  t ~ [ 0 , 1 )  
l im 

x--,+- l + ~  t = 1 

f ( ) ~ , t ) = / O  t ~  (0,1] 
l im 

x - , ~  ].+oo t =  0 

Consider the l-parameter family of  weights: 

Note that coo = ca- Define g (~,) = /6  (X, to x ). The reader can verify that 

g is a continuous, increasing function of  2 w i ~  

lim g(,~) =x~ lim g(~,) =x. 

It follows that there is a unique number  ;t o with g(20) = th. We remark 

that ;t o can be readily found in practice with the use of a binary search 

algonthr~ The w~ght ~ :  ~ , ~ 1 °  on Xhas the same to~  weight as the 
IXL~ 

original weight co with la~(X,v)=l.t,(X,co~.)=g(Zo)=A 

Approach 2: Suppose, we are concemed with fitting both the weighted 
mean and variance, but it is not a priority to use a weight near the original 

weight co. Suppose we are given a target mean ~ and variance ~2. This 
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approach exploits the Beta density, and we use the notation of[l].  We 
letx o = 0 < x~ and L = x, .  As in [1], the probability density function 

g(z)ofthe two-parameter Beta density of  mean rh and variance j2 on the 

interval (0,L) can be determined as: 

c=~-rn a =  Lc 2 /3 = >0 

Then define: 

We have: 

g(z )  = g ( . , # ; z )  z ~-' ( L -  z)P-' 
B(c~,~ff)L~+a+~ z~ (0,L). 

xj 

V(xj)= fg(z)dz l< j<_n. 
xj_, 

L 

j=l j=l  xl_t 0 

and so uis a probability weight on X.  We also have: 

n k j~ ~n xlf k E~x~(x)x'l~ Exj #k ltk(X,v) = g(z~az= ~ g ( z ~  

n xi L 
> E f zk g(z)dz = fz 'g(z)dz 

j= l  X/_l 0 

= {  th k = l  

th2+~ ~ k = 2  

Which indicates that while the weighted moments are greater, in most 
cases they should reasonably well approximate their target. 

References: 

1. Corro, Dan, Fitting Beta Densities to Loss Data, CAS Forum, 
Summer 2002. 

352  



Completing and Using Schedule P 

Sholom Feldblum, FCAS, FSA, MAAA 

353 



Completing and Using Schedule P 

Prepared by 
Sholom Feldblum, FCAS, FSA, CPCU 

(Fifth Edition, January 2002) 

Abstract 

Schedule P is a complex section of the Annual Statement, demanding much expertise to 
complete and to understand. The cross checks performed by the NAIC compare the 
Schedule P figures within its various parts, with other pages of the Annual Statement, and 
with Schedule P data from the preceding year. The NAIC uses Schedule P Summary data 
for three of the Insurance Regulatory Information System ("IRIS') tests, and it uses the 
detailed line of business data to determine the reserving risk and the written premium risk 
charges in the risk-based capital formula. Investment analysts and rating agencies use the 
schedule to measure the adequacy of a company's held reserves and thereby estimate its 
financial strength and expected market value. The IRS uses the schedule to determine 
loss reserve discounts, anticipated salvage and subrogation, and the discounts for 
anticipated salvage and subrogation. Actuaries and accountants need a thorough 
understanding of this Schedule, both to complete it for their own company or client and to 
evaluate the performance of peer companies. 
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Preface 

by Richard J. Roth, Jr.1 

Few people probably remember what Schedules O and P were like in the 1980s when they 
contained little more than loss and loss adjustment expense development. The insurance 
department regulators needed more detailed information by line in order to monitor the 
solvency of the insurance companies. The information in the Annual Statement is the only 
information that the regulators have between the on-site financial examinations. Furthermore, 
the investment community, the rating agencies, agents, and the insurance industry observers 
wanted more financial disclosure. In the 1980s, the personal computer was coming into 
common use as a powerful analytical tool. 

In the middle 1980's, I decided to make a proposal to combine Schedules O and P into a 
completely redesigned Schedule P. The intent was to include all of the basic actuarial 
statistics necessary to make a wide variety of actuarial analyses using the personal computer. 
There would be no analyses or projections in Schedule P, only the data to make the analyses 
and projections in a form that could be readily used in a personal computer. 

Today, it is difficult to imagine how much opposition I faced, which came mainly from the larger 
insurance companies. The larger insurance companies did not want any more disclosure in 
the Annual Statement. They argued that their businesses were so complicated that the 
additional Schedule P information would be "meaningless." We regulators had to keep 
reminding the larger companies that the insurance world is really made up of hundreds of 
small and medium size companies, which require constant monitoring. 

Only after the third major effort before the NAIC Blanks Committee was I able to get Schedule 
P substantially changed, even though I had widespread support among actuaries. Additional 
features in Schedule P were added in subsequent years, such as Parts 5, 6 and 7. 

Even today, any changes to Schedule P in terms of additional reporting usually meet with 
fierce opposition from the larger insurers and reinsurers. 

Schedule P is the actuarial portion of the Annual Statement and is critical to monitoring the 
solvency of insurers. The Casualty Actuarial (technical) Task Force of the NAIC is charged 
with maintaining and preserving Schedule P. Only small changes are likely to be made in the 
future, to reflect changes in the industry or risk based capital. The main ¢oncem in the future 
will be to prevent the NAIC Blanks Committee from weakening Schedule P by eliminating 

' Richard J. Roth, Jr., former Chief Casualty Actuary of the California Insurance Department and Chair 
of the NAIC Casualty Actuarial Task Force, was the architect of the new Schedule P in 1989. 
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information. Certain large insurers and reinsurers would argue that the NAIC financial 
reporting should be "modernized" or "simplified" or "deregulated" and that "unnecessary and 
wasteful reporting should be eliminated." These are code words for attempts to eliminate 
information on reinsurance transactions and claim counts. 

As this text by Sholom Feldblum so clearly shows, there is a wealth of information in Schedule 
P, but most of the information could be easily lost if the NAIC and the actuarial profession are 
not constantly vigilant to attacks to reduce what has been fought so hard to obtain. This is the 
constant challenge. 

Each year, the information in Schedule P is in wide demand. The NAIC, rating agencies and 
private companies distribute Schedule P data by CD's shortly after the Annual Statements are 
filed. This information is used by a wide range of users, including rating agencies, stock 
analysts in New York, competing companies, and, of course, regulators. Consulting actuaries 
have developed software programs for sale that will produce analyses of the Schedule P data. 

I wish to thank my friend and fellow actuary, Sholom Feldblum, for the extraordinary job that he 
has done over the years in writing this text and in teaching how to use Schedule P. His efforts 
are now greatly helping the property/casualty insurance industry in the United States stand 
apart from the rest of the industries in terms of financial reporting. 

- R i cha rd  J. Roth, Jr., June  2 0 0 2  
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COMPLETING AND USING SCHEDULE P 

Introduction 

MAJOR PURPOSES OF THE SCHEDULE 

Property-casualty insurance is a highly regulated industry. Insurers exchange promises for 
premiums; they promise to indemnify losses that may not be settled until years after the policy 
premiums are collected. 

If a manufacturing firm becomes insolvent, its owners and creditors lose. If an insurance 
company becomes insolvent, its customers - the policyholders - bear the brunt of the loss. 

The public relies upon insurers to fulfill their promises, and state regulators are entrusted with 
safeguarding insurance solvency. Other industries, such as public utilities, may be regulated 
because they are not sufficiently competitive. Insurers are regulated (in part) because they are 
extremely competitive - and the rough and tumble of the marketplace may leave their 
promises unfulfilled. 

For some industries, solvency regulation is an accounting task. Regulators audit the 
company's books to ensure that assets and liabilities are properly accounted for. For 
property-casualty insurance, solvency regulation is a highly specialized actuarial skill. 
Solvency risks may be unanticipated by the company, and they may be discerned only by 
trained analysis of the company's financial statements and historical loss experience. 
Schedule P is perhaps the most useful tool that regulators have to monitor company solvency 
and safeguard the public trust in the property-casualty insurance industry. 

Schedule P is designed to measure loss and loss adjustment expense reserve adequacy, 
both retrospectively and prospectively. Schedule P displays historical triangles of losses, 
claims, and premiums, showing the observed development over the past ten years and 
facilitating the estimates of future development. 

Part 1 of Schedule P provides a comprehensive view of the company's current loss reserve 
structure, including gross and ceded reserves by line of business and type of reserve (loss vs 
expense and case versus bulk) on an accident year basis? Part 2 provides a retrospective 
test, by accident year and line of business, of reserves held in prior years. The totals from the 

2 The term "loss" in this paper often signifies both loss and allocated loss adjustment expenses 
(identified as defense and cost containment expenses in Schedule P). 
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one year and two year adverse development exhibits, shown in the Part 2 Summary exhibit, 
are used for IRIS tests 9, 10, and 11, the NAIC retrospective and prospective early warning 
tests of reserve adequacy. 

The historical exhibits in Parts 2 through 6 provide data for several prospective tests of loss 
reserve adequacy. Part 3 displays paid loss development triangles, and the difference 
between Parts 2 and 4 provides case incurred (or reported) loss development triangles. 
Average severities, both incurred and paid, may be derived from the claim count figures in 
Part 5 combined with the loss figures in Parts 2, 3, and 4. 

Other Purposes 

Schedule P has numerous other functions: 

• It shows payments and reserves for losses and loss adjustment expenses by line and by 
accident year, thereby isolating blocks of business with good or poor experience. In 
addition, the accident year figures provided in Schedule P show the effects of changes in 
loss reserve margins on the calendar year results reported in the UnderwriUng and 
Investment Exhibit. 

• Itprovidesthelosspaymentpatternsforthefederalincometaxlossreservediscounting 
procedure. In addition, it provides the disclosures needed for"grossing up" losses (i) for 
interest discounts and (ii) for anticipated salvage and subrogation. 

• It provides the data for computing the reserving risk and the written premium risk charges 
in the risk-based capital (RBC) formula, thereby setting the insurer's capital requirements. 
It also provides the loss payment patterns for the investment income offsets in the formula. 

• Itshowsthepercentageofpremiumsandlossesassociatedwithloss-sensitivecontracts 
for the loss-sensitive contract offset in the risk-based capital formula, and it shows the 
sensitivity of premiums and of reinsurance commissions to losses on these contracts. 

• It separates occurrence from claims-made experience for three lines of business, as 
needed for the risk-based capital claims-made offset. 

• It supports the opinion of the Appointed Actuary on loss and loss adjustment expense 
reserve adequacy. 

• It shows the development of exposure year premiums resulting from audits and 
retrospective adjustments, allowing a more accurate comparison of loss ratios by accident 
year. This development is also needed to determine the tax basis earned premium for 
lines with audits or retrospective adjustments. 

• It shows direct plus assumed versus ceded experience, so that the effects of reinsurance 
transactions on accident year loss ratios can be examined. 

• It shows claim count development patterns and changes in average claim sevedty by year, 
allowing better analysis of claims department performance. 
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Schedule P is not limited to solvency regulation and tax filings. It is used extensively by 
actuaries and financial analysts to estimate a company's net worth. For an experienced 
reserving actuary, Schedule P provides more information than the SEC's Form 1 OK. 

Schedule P was revised extensively for the 1989 Annual Statement, with further modifications 
in subsequent years. This paper explains what data are required for the schedule, and how 
the exhibits should be completed. It describes how to use Schedule P data for prospective 
analyses of loss reserve adequacy, using both paid and incurred loss development 
procedures. It discusses the use of Schedule P information for other reporting requirements, 
such as the risk-based capital formula, the Statement of Actuarial Opinion, and the IRS loss 
reserve discounting procedure. 

Historical Experience 

Schedule P shows experience for all lines of business, though the grouping of lines differs 
from the grouping in the Underwriting and Investment Exhibit. The long-tailed lines show the 
10 most recent accident years of data plus a prior years row. These lines are primarily 
casualty lines or lines that have a significant casualty component. 

A. Homeowners/Farmowners 
B. Private Passenger Auto Liability/Medical 
C. Commercial Auto/Truck Liability/Medical 
D. Workers' Compensation 
E. Commercial Multiple Peril 
f. Medical Malpractice (occurrence policies in section 1 and claims-made policies in 

section 2) 
G. Special Liability (Ocean Marine, Aircraft [All Perils], Boiler and Machinery) 
H. Other Liability (occurrence in section 1 and claims-made in section 2) 3 
M. International 
R. Products Liability (occurrence in section 1 and claims-made in section 2) 

The short-tailed lines show the two most recent accident years of data plus a prior years row. 
These are primarily first party property lines of business. 

I. Special Property (Fire, Allied Lines, Inland Marine, Earthquake, Glass, Burglary & 
Theft) 

J. Auto Physical Damage 
K. Fidelity / Surety 

3 According to the Annual Statement Instructions, =Business reported on the Aggregate write-ins for 
other lines of business of the Underwriting and Investment Exhibit and the Stats Page should be included in 
the Other Liability sections of Schedule P." This seems strange; perhaps the intention is to include the 
aggregate write-in lines under the "other" exhibits, not the =Other Liability" exhibits. 
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L. Other (Including Credit, Accident and Health) 
S. Financial Guaranty / Mortgage Guaranty 

The data reported in the prior years row differ among the sections of Schedule P, as 
explained below. 

REINSURANCE EXPERIENCE 

Proportionalreinsurance, or pro-rata reinsurance (quota share and surplus share), is shown 
as assumed or ceded premiums, losses, and loss adjustment expenses in the exhibits for the 
primary lines of business. A 50% quota share treaty for personal automobile liability business 
is reflected in the assumed and ceded columns of Parts 1B, 2B, etc. 

Assumed non-proportional reinsurance, or excess-of-loss reinsurance, is split into three 
categories and shown separately from the primary lines of business: non-proportional 
property, non-proportional casualty, and financial lines (exhibit categories N, O, and p).4 
These reinsurance lines use the 10-year casualty format. 

Ceded non-proportiona/reinsurance is reported in the same exhibit as the underlying 
business. A primary company which cedes part of its workers' compensation business on an 
excess-of-loss treaty records the experience in the ceded columns of Part 1D, and the 
reinsurer who assumes the business includes it in Part 10 (Part =one-oh," not Part =ten'). A 
reinsurance company which retrocedes part of its workers' compensation business that it 
assumed on a non-proportional treaty shows the retrocession in Part 10 as well. 

If a reinsurance treaty contains both proportional and non-proportional sections, the premiums 
and losses for the sections must be divided and reported on the appropriate lines: the 
proportional parts for both the ceding company and the assuming company in the exhibits for 
the underlying lines of business, the non-proportional parts for the ceding company in the 
exhibits for the underlying lines of business, and the non-proportional parts for the assuming 
company in the exhibits for the underlying lines of business. This is analogous to the treatment 
of reinsurance treaties that are prospective with regard to some claims and retroactive with 
regard to other claims: the premiums and losses for the two sets of claims must each be 
treated according to their appropriate statutory rules, s 

4 Lines of business with both property and casualty components, such as homeowners, commercial 
multiple pedl, and aircraft, are included in Reinsurance B (liability reinsurance). Financial reinsurance includes 
reinsurance on fidelity and surely contracts. The Annual Statement Instructions list the elements of each 
reinsurance line in more detail. 

s See SFAS 113, paragraph 25: "When practicable, prospective and retroactive provisions included within 
a single contract shall be accounted for separately"; SSAP 62, paragraph 24: =Prospective and retroactive 
provisions included within a single agreement shall be accounted for separately." For summaries of GAAP and 
statutory accounting, see Yoheved and Samson [2002]. 
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Intercompany pooling agreements are reported differently; see the full discussion later in this 
paper. 

Prospective vs Retroactive Reinsurance 

Only prospective reinsurance affects the Schedule P figures. Retroactive reinsurance is not 
reflected in the Schedule P exhibits. 

Retroactive reinsurance is defined in SSAP 62, paragraph 21, as "reinsurance in which a 
reinsurer agrees to reimburse a ceding entity for liabilities incurred as a result of past 
insurable events covered under contracts subject to the reinsurance." The NAIC Instructions 
to the Statement of Actuarial Opinion (section 11) provide a three-fold definition: 

For the purpose of this instruction, "retroactive reinsurance" refers to any agreement 
which increases the transferring insurer's Surplus to Policyholders as a result of the 
transferee undertaking any loss obligation already incurred and for which the 
consideration paid by the transferring insurer is derived from present value or 
discounting concepts. 

Retroactive reinsurance affects the special surplus entry on the liability side of the statutory 
balance sheet (page 3 of the Annual Statement), but it is not reflected in the Annual Statement 
exhibits and schedules, such as Schedule p.6 It affects statutory income in the same fashion 
as prospective reinsurance does, except that it is coded under "other income" on the statutory 
statement of earnings (SSAP 62, paragraph 28i). It has a full effect on policyholders' surplus, 
though not on the unassigned portion of surplus. It affects GAAP income, GAAP equity, and 
taxable income. 

Reinsurance and Risk-Based Capita/ 

Risk-based capital adjusted surplus includes special surplus funds. The adjusted surplus 
used to compute the risk-based capital ratio does not depend on whether the reinsurance is 
classified as prospective or retroactive. 

The risk-based capital ratio is slightly reduced if the reinsurance is coded as retroactive 
instead of prospective. The RBC ratio equals adjusted surplus divided by the risk-based 
capital requirements. The RBC reserving dsk charge is greater than the charge for 

6 SSAP No. 62, "Reinsurance," paragraph 28, says with regard to retroactive reinsurance agreements: 

1. The ceding entity shall record, without recognition of the retroactive reinsurance, loss and loss expense 
reserves on a gross basis on the balance sheet and in all schedules and exhibits. 

2. The assuming entity shall exclude the retroactive reinsurance from loss and loss expense reserves and 
from all schedules and exhibits. 
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reinsurance recoverables, particularly after the covariance adjustment, Prospective 
reinsurance reduces risk-based capital requirements and decreases the denominator of the 
risk-based capital ratio. Retroactive reinsurance does not have this effect. 

Illustration: Companies A and B have the same initial surplus and capital requirements. 
Company A prospectively reinsures a book of general liability business. Company B 
retroactively reinsures an identical book of business. Companies A and B have the same 
ending surplus, though some of company B's surplus is coded as special surplus funds. 
Company B has more loss reserves shown on the balance sheet, in the Underwriting and 
Investment Exhibit, and in Schedule P than Company A has; company A has a write-in contra- 
liability for reinsurance recoverables which Company B does not have. Company B has 
greater RBC requirements than Company A has, since the reserving risk charge is greater 
than the credit risk charge (over 30% versus 10%) and the margin effect of the reserving risk 
charge is much greater than the marginal effect of the credit risk charge; see Feldblum [1996: 
RBC] for the RBC risk charges and Feldblum [2002: Comm] for estimating the effects of 
retroactive reinsurance on RBC requirements. 

Reinsurance and Surplus Relief 

The statutory treatment of retroactive reinsurance is more conservative than the GAAP 
treatment in that it does not allow a reduction of statement reserves. It is more liberal than the 
GAAP treatment in that it allows full =up-front" surplus relief, whereas GAAP recognizes the 
profit from retroactive reinsurance ratably over the lifetime of the claims. 

IllustraUon: On December 31,20XX, the ABC Insurance Company has $100 million of loss 
reserves which it retrospectively reinsures for $80 million. Both its policyholders' surplus and 
its GAAP equity are $200 million on that date. By December 31,20XX+I, $25 million of the 
original loss reserves have been settled. It has no other underwriting or investment 
operations. 

ABC's statutory financial statements show $20 million of other income on December 31, 
20XX, $20 million of special surplus funds, and no change in unassigned surplus. During 
20XX+I, ABC shows a $25 million reduction in loss reserves and a $25 million reduction in 
the wdte-in contra-liability for recoverable from retroactive reinsurance. 

ABC's GAAP financial statements show no income on December 31,20XX, and no change 
in GAAP equity. During 20XX+I, ABC shows income of $25/$100 x $20 million = $5 million 
as well as a $5 million increase in GAAP equity. 

Summary Exhibits 
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The Summary exhibits show 10 accident years of data plus a prior years row for all lines of 
business combined. Ten accident years of data, as well as a prior years line, must be kept 
for all lines of business, since all 10 years are used for the Summary exhibits. 7 

Illustration: For the 20X9 Annual Statement, Schedule P, Part 1J, "Auto Physical Damage," 
shows two individual accident years, 20X8 and 20X9, along with a prior years row. For 
incorporation of the auto physical damage experience into the Schedule P, Part 1 Summary 
exhibit, the company must keep auto physical damage data for accident years 20X0 through 
20X9, along with a prior years row suitable for the 10 year exhibits. The entries in the prior 
years row in the Part 1J exhibit do notequal the data for the prior years row used for the 
summary exhibit plus the data for accident years 20X0 through 20X7. Separate data must 
be kept. 

IRIS tests 9 and 10, the one-year and two-year retrospective tests of reserve adequacy; are 
based on the Part 2 Summary exhibit. IRIS test 11, the prospective test of reserve adequacy, 
uses the one and two-year adverse developments from the Part 2 Sum mary exhibit as inputs 
(along with other data). 

The Schedule P Exhibits 

Part 1 shows cumulative experience by accident year at the Statement date. Most of the 
figures in Part 1 are audited by an independent CPA, and the Statement of Actuarial Opinion 
should reconcile to the data in Part 1. 

Pads 2 through 6 show the supporting historical triangles. Pads 2 through 5 are cumulative 
accident year data. Part6 is cumulaUve exposure year data, which isthe premium equivalent 
of accident year losses and expenses. The Part 7 policy year exhibits are not intended to 
support the Part 1 information; see the discussion below. 

For the individual years shown on the exhibits, Part 1 shows calendar year premiums that are 
not changed for subsequent earned but unbilled premiums or accrued retrospective 
premiums. The losses and expenses are cumulative accident year figures. 

Illustration: In the 20X9 Schedule P, the 20X5 paid loss and expense figures in columns 
4 through 10 represent payments from January 1,20X5, through December 31,20X9, for 

r The Schedule P Instructions say: "Since the Summery of each part contains ten years of historical 
data, the information from the "prior" line for the Property Lines, Sections I through L, and Financial 
Guaranty/Mortgage Guaranty, Section S, must be supplemented for the eight accident years preceding the 
two most recent years." 
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accident year 20X5. The 20X5 unpaid loss and expense reserves in columns 13 through 
23 are the reserves held on December 31,20X9. 

The treatment of losses and expenses is similar for Parts 2 through 5. 

PRIOR YEARS ROWS 

The "prior years" row differs among the various Schedule P parts. 

No calendar year earned premiums are shown for the prior years row in Part 1; the 
cells are "XXX"ed out. The exposure year earned premiums in the Part 6 prior years 
row reflects the current calendar year contributions to the old exposure years. 

For the Part 1 pdor years row, the loss and expense payments and the salvage and 
subrogation reimbursements are those made or received in the most recent calendar 
year only. This is not a cumulative amount. This is the same procedure as that used 
for the exposure year earned premiums in Part 6. 

For the Part 3 prior years row, the loss and expense payments are those made since 
January I of the second calendar year shown along the column headings. For the 
20X9 Annual Statement, these are payments made since January 1, 20X1 (not 
January 1,20X0.) The top-left corner cell is =XXX"ed out in these exhibits. 

The unpaid loss and expense reserves in the prior years rows are the reserves for old 
accident years evaluated at the current statement date for Part 1 and at each 
December 31 for Parts 2 and 4 and for outstanding claims in Part 5. 

• The reported claim triangles and closed claim triangles in Part 5 use the Part 3 format, 
not the Part 1 or Part 6 format. 

DATA TYPES 

Part 1 shows data separately for "direct and assumed" and for "ceded,' so that the analyst 
may determine the effects of reinsurance recoverables on the company's experience. Ifthe 
direct and assumed loss ratio is significantly higher than the net loss ratio, the business ceded 
may be unprofitable. The reinsurers may cancel treaties, raise reinsurance rates, or 
underwrite facultative business more carefully in future years. 

• The netloss ratio is influenced by the reinsurance market at the current time: in soft 
reinsurance markets, the net loss ratio appears better than in hard markets. 
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The direct and assumed loss ratio reflects the quality of the primary insurer's book of 
business, and it may be a good predictor of both the direct and net loss ratios in future 
years, s 

Parts 2, 3, and 4 show historical loss triangles for net losses and "defense and cost 
containment" (DCC) expenses; there are no corresponding triangles for direct business. 

Part 5 shows historical claim count triangles for direct and assumed business. 

Part 6 shows historical development of direct and assumed exposure year earned premium 
(in section 2) and of ceded exposure year earned premium (in section 2). 

Part 7 shows policy year earned premiums, losses, and reinsurance commissions for 
business written on loss-sensitive contracts. These policy year figures pertain to a portion of 
the company's business only; the data cannot be reconciled with other Annual Statement 
exhibits. Part 7 was designed for the loss-sensitive contract offset in the risk-based capital 
formula, and it need be completed only by companies seeking this offset. 

The DCC expenses in Parts 1 through 4 are the current NAIC version of the old "allocated loss 
adjustment expenses" (ALAE). "Allocated loss adjustment expenses" is the standard 
insurance term for loss expenses associated with particular claims, such as legal defense 
costs and expert medical testimony. Before 1998, loss adjustment expenses in Schedule P 
were divided between allocated and unallocated. For the 1998 and subsequent Annual 
Statements, loss adjustment expenses were divided more rigorously between (i) defense and 
cost containment (DCC) and (ii) adjusting and other (AAO); see below. In general, DCC 
corresponds to ALAE and AAO corresponds to ULAE. 

In theory, historical loss triangles for direct and assumed business can be formed by joining 
the Part 1 exhibits from successive years. The effort involved usually outweighs the benefits, 
and this analysis is not commonly performed. Changes in intemompany pooling agreements 
and discrepancies between the Schedule P exhibits of different years distort these analyses 
and further diminish their value. 

8 Richard Roth, who designed the current Schedule P, writes [1986], page 86: "Surprisingly, very few 
companies - particularly small companies - have any idea how profitable or whether they are making money 
or whether the business being ceded is profitable or not profitable. Once they pay that reinsurance premium 
they don't care, it's just gone . . . .  Well, what happens is if the business that is being ceded is consistently 
unprofitable, we know that two or three years down the line they're not going to have any reinsurance. Also, 
it says that the business that they're writing is probably underpriced and that they will soon have problems." 
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Par t  1 - C u r r e n t  V a l u a t i o n  

PREMIUMS 

Part I premiums are recorded by calendar year. ~ Once entered, they are "frozen," and they 
are not adjusted for subsequent earned but unbilled premiums stemming from exposure audits 
or accrued retrospective premiums stemming from retrospective premium adjustments. 

Illustration: An insurance company issues retrospectively rated workers' compensation 
policies. Worse than expected adverse development on a block of business raises the loss 
figures and the associated premium figures at subsequent valuations. 

• The additional losses are assigned to the appropriate accident years in Parts 1 - 4. 

• In Part 1, the additional premiums received are assigned to the current calendar year, 
not to the years when the policies were issued or the premium was earned. 

Part 1 of Schedule P shows overstated loss ratios for the year when the losses occurred and 
understated loss ratios for the year in which the additional premiums are billed, t° 

The overstatement and understatement discussed above relates to over- and under- 
estimation of the retrospective premium adjustments. The initial estimate of the future 
retrospective premium adjustment is included in the calendar year earned premiums. 

The latest calendar year net earned premium shown in Schedule P, Part 1, column 3, row 11 (total 
for all accident years), for each line of business should equal the net earned premium shown on page 7, 
"Underwriting and Investment Exhibit," Part 2, "Premiums Earned,' column 4. Premium figures from earlier 
years should agree with the figures in the preceding years' Annual Statements. If there is an intercompany 
pooling agreement that has changed over time, the comparison with earlier Annual Statements can be done 
only on a consolidated basis. See the discussion in the text on intercompany pooling. 

1o Salzmann [1967], pages 120-121, notes that "calendar/accident year loss ratios are theoretically less 
accurate than policy year loss ratios," but she adds that "the primary purpose of Schedule P is to assist in the 
determination of adequate reserve levels - -  not the precise measurement of loss ratios." This is correct for the 
chain ladder loss reserving techniques, which do not rely on premium figures. It is less true for other reserving 
techniques, such as the Stanard-B0hlmann expected loss technique or the Brosius least squares technique; 
see the discussions of Parts 2 and 3 below. 

Upon reviewing an earlier (pre-1996) draft of this paper, Richard Roth commented: "An acknowledged weakness 
of Schedule P is the mismatch between losses and premiums by year, especially for reinsurance and workers' 
compensation. Early drafts of Schedule P addressed this problem; however, the problem is not that easy to 
solve. It is not enough just to add a column for policy year premiums. Whole triangles of premiums must be 
reported." These triangles are now shown in Part 6 of Schedule P. 
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More accurate "exposure/accident year" loss ratios and loss ratio development can be 
obtained by combining the information in Parts 2 and 6. The illustrations in the discussion 
below of Part 6 show the difference between the initial estimates of future retrospective 
adjustments and subsequent revisions of these estimates. 

In Part 1 of Schedule P, the prior years row shows payments made or received in the current 
year, or reserves held on open cases as of the statement date. No figures are shown for 
premiums on the prior years row, since current calendar year adjustments do not affect 
previous calendar year premiums. 

LOSS AND LOSS EXPENSE PAYMENTS 

Columns 4 through 11 show loss and loss expense payments by accident year. For the 
individual accident years, these are cumulative payments. For accident year 20XX, column 
4 shows loss payments on direct and assumed business from January 1,20XX through the 
statement date. 

For the prior years row, the payments are those made in the current calendar year only. For 
the 20XX Annual Statement, these are the payments made from January 1,20XX through 
December 31,20XX. 

Salvage and Subrogation Received 

Column 4 (direct and assumed loss payments) and column 5 (ceded loss payments) are net 
of salvage and subrogation received. 

• Salvage:Theinsurersettlesanautomobilephysicaldamageclaimbypayingthe$10,O00 
blue book value of the car. It sells the damaged car to a repair shop for $2,000. The 
company shows $8,000 as the loss paid in column 4 and $2,000 as the salvage received 
in column 10. 

• Subrogation: The insurer settles an automobile physical damage claim by paying the 
$10,000 blue book value of the car. The driver of the other vehicle is negligent and liable 
for the damages. The company collects the full $10,000 from the driver of the other vehicle 
or the driver's insurer. The company shows $0 as the loss paid in column 4 and $10,000 
as the subrogation received in column 10. 

Column 10, salvage and subrogation received, is for information only (termed a 
"memorandum" column in the Annual Statement Instructions); it is not used to calculate 
subsequent columns. Column 11, the total net paid column, equals columns 4 -  5 + 6 -  7 + 
8 -  9; it does not involve column 10. 
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Salvage and subrogation is most material for automobile physical damage (Part 1J). Some 
companies show significant amounts of subrogation for automobile liability (Part 1 B) and 
workers' compensation (Part 1 D) as well. 

Illustration A: The insurer makes a $40,000 personal injury protection [PIP] loss payment to 
its own insured injured in an auto accident in a no-fault state. The driver of the other vehicle 
was negligent and the damages exceed the tort threshold. The company collects $25,000 by 
subrogation from the negligent driver or the negligent driver's auto insurer. The net loss 
payment in Part 1 B, personal auto liability/no-fault, is $15,000; the subrogation is $25,000. 

Illustration B: The insurer makes a $40,000 workers' compensation loss payment to its own 
insured injured in an auto accident stemming from a work-related accident. The driver of the 
other vehicle was negligent and is liable for the damages. The company collects $25,000 by 
subrogation from the negligent driver or the negligent driver's auto insurer. The net loss 
payment in Part 1 B, personal auto liability/no-fault, is $15,000; the subrogation is $25,000. 

Calendar Year Reconciliation 

Schedule P, Part 1, shows cumulative paid losses by accident year. The Underwriting and 
Investment Exhibit, Part 3, shows paid losses in the most recent calendar year. The Annual 
Statement cross-checks determine the calendar year paid losses from figures in the current 
Schedule P and that of the previous year, and they compare these figures with those in the 
Underwriting and Investment Exhibit. 11 

Illustration: The reconciliation for the 20X9 Annual Statement is as follows. 

a. In the 20X9 Schedule P, Part 1, column (4) minus column (5), total row (row 12), shows 
cumulative net loss payments at December 31,20X9, for accident years 20X0 through 
20X9 plus the calendar year 20X9 loss payments for accident years prior to 20X0. 

b. In the 20X8 Schedule P, Part 1, column (4) minus column (5), the sum of rows 3 through 
11, shows cumulative net loss payments at December 31,20X8, for accident years 20X0 
through 20X8. We do not include the prior years row or the first individual accident year 
row (the year prior to 20X0). 

c. The difference between (a) and (b) is the calendar year 20X9 loss payments. 

The calendar year payments for loss plus defense and cost containment (DCC) expenses can 
be derived from Part 3 of the current year's Schedule P. Part 3 of the Underwriting and 
Investment Exhibit shows pure loss payments, without the DCC payments. 

" A cross-check reconciles entries in different exhibits of the Annual Statement or in Annual Statements 
of different years. These are computer cross-checks performed on the electronic submission; they are not done 
by pencil and paper. 
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For the accident year to which losses are assigned, see the discussion below of occurrence 
versus claims-made business. 

LOSS ADJUSTMENT EXPENSES 

Before 1998, loss adjustment expenses were divided between allocated loss adjustment 
expenses (ALAE) and unallocated loss adjustment expenses (ULAE). 

• ALAE were adjustment expenses related to particular claims, such as legal defense 
fees paid to outside counsel. 

• ULAE were adjustment expenses that were not related to individual claims, such as 
claims department rent, utilities, and similar overhead costs. 

For pricing insurance policies, most companies include ALAE with losses, using data 
subdivided by accident year (or policy year), subline, state, and various other dimensions. 
ULAE is generally included as a loading on losses plus ALAE. 

The expenses included in ALAE or ULAE differed somewhat by company. For instance, a 
company using outside legal counsel may include the defense costs with ALAE, whereas a 
company using in-house legal counsel may include the defense costs with ULAE. This 
presented no problems for individual company ratemaking, though it created difficulties for 
bureau ratemaking and for accounting supervision. 

The problem was particularly severe for rating bureaus. If some companies code defense 
costs as ALAE because they use outside legal counsel and other companies code defense 
costs as ULAE because they use in-house legal counsel, the aggregate industry data 
compiled by the rating bureau contains a mixture of definitions and might not be apprepriate 
for any of the companies. 

In the 1990's, the rating bureaus, particularly the National Council on Compensation Insurance 
(NCCI), began standardizing the coding of ALAE vs ULAE. Expenses would be classified by 
type of expenseto promote similarcoding among companies. For instance, legal defense 
costs would be coded as ALAE, whether inside or outside counsel was used. Companies 
that used in-house legal counsel would allocate the salaries and overhead costs of their 
attomeys to individual claims. 

DCC and AAO: Principles 

Some companies were concerned that new NCCI classification rules might not be consistent 
with statutory accounting requirements, which still defined ALAE as loss adjustment expenses 
that were related to particular claims. In 1997, the NAIC Casualty Actuarial (Technical) Task 
Force (CATF) proposed new definitions of ALAE and ULAE that classified by type of 
expense. The new definitions were adopted by the NAIC for the 1998 and subsequent Annual 
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Statements. To avoid any confusion between the old and new definitions, revised terms were 
adopted as well (in 1999): defense and cost containment (DCC) for ALAE and adjusting and 
other (AAO) for ULAE. 

Three principles govem the 1998 definitions of loss adjustment expenses: 

2. The classification is by type of expense, regardless of whether the expense relates to 
specific claims. 12 

3. The classification is uniform for all companies. No discretion is permitted for the 
classification of loss adjustment expenses. 13 

4. The new definitions divide expenses into two groups: (i) expenses that vary with the 
amount of loss are coded as defense and cost containment and (ii) expenses that vary 
with the number of claims, or which do not vary with either the amount of loss or the number 
of claims, are coded as adjusting and other. TM 

The first two principles are determinative if they conflict with the third principle. If an expense 
is classified by the NAIC as defense and cost containment, the company does not have the 
option of coding the expense as adjusting and other, even if the company believes that the 
expense varies with the number of claims and not with the amount of loss. 

Schedule P Interrogatory number 2 requires the company to acknowledge that it is using the 
new definitions: 

2. The definition of allocated loss adjustment expenses (ALAE) and, therefore, 
unallocated loss adjustment expenses (ULAE), was changed effective 1/I/98. This 
change in definition applies to both paid and unpaid expenses. Are these expenses 
(now reported as "Defense and Cost Containment" and "Adjusting and Other") reported 
in compliance with these definitions in the statement? 

The expenses classified as defense and cost containment include legal defense fees, the 
costs of expert witnesses, and fees to professionals working in defense of a claim. The 

12 The Annual Statement Instructions say that =it is the character of the expenses that is most important, 
not whether the expenses were intemal or external to the insurer." 

13 The statutory accounting principles Statement of Concepts, paragraph 31, says: ~lhe regulators' need 
for meaningful, comparable financial information to determine an insurer's financial condition requires 
consistency in the development and application of statutory accounting principles." The consistency principle 
was a dominant stimulus for the new definitions of DCC and AAO. 

14 The Annual Statement Instructions say: The loss adjustment expenses are separated with the intent 
of identifying the "Defense and Cost Containment" expenses as those which are correlated with the loss 
amounts, and the =Adjusting and Other" as those expenses which are correlated with claim count or are general 
loss adjustment expenses. 
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expenses classified as adjusting and other include adjustors' fees as well as fees to other 
professionals working as adjustors. General  claim department  overhead which can not be 
grouped into a DCC category, such as rent, is classified as adjusting and other, is 

I l lust rat ion:  A company uses in-house attorneys to handle the legal defense of routine 
claims. For statutory f inancial statements besides Schedule P, the salaries and other 
employee costs of these attorneys is coded as defense and cost containment,  and 
classified by l ine of business and byca lendaryear .  For Schedule P, these costs must be 
subdivided by accident year  (in addit ion to line of business and calendar year). The legal 
depar tment  must al locate the salaries and other employee costs, including the related 
port ions of legal depar tment  overhead,  to the relevant claims, le 

Declaratory Judgment Actions 

The environmental impairment (pollution) liabilities facing the insurance industry are potentially 
great. The remediat ion of abandoned toxic waste sites is a major component  of pollution 
liability costs, but the responsibil i ty for these costs is disputed by insurance companies and 

~s The formal definitions are as follows (SSAP No. 55, "Unpaid Claims, Losses, and Loss Adjustment 
Expanses," paragraph 5(c): "Defense and cost containment includes 

1. Surveillance expenses; 
2. Fixed amounts for cost containment expenses; 
3. Litigation management expenses; 
4. Lost adjustment expenses for participation in voluntary and involuntary market pools if reported by 

accident year;, 
5. Fees or selades for appraisers, private investigators, reinspectors and fraud investigators, if working 

in defense of a claim, and fees or salaries for rehabilitation nurses, if such cost is not included in 
losses; 

6. Attomey fees incurred owing to a duty to defend, even when other coverage does not exist; and 
7. The cost of engaging experts. 

Adjusting and other includes 

1. Fees of adjusters and settling agents (but not if engaged in a contentious defense); 
2. Loss adjustment expenses for participation in voluntary and involuntary market pools if reported by 

calendar year; 
3. Att•meyfeesincurredinthed•terminati•n•fc•v•rage•inc•uding•itigati•nbetweentheinsurerandthe 

policyholder; and 
4. Fees or selades for appraisers, private investigators, headng representatives, reinspectors and fraud 

investigators, if working in the capacity of an adjuster." 

is Allocation of legal department overhead costs to individual claims or accident years is explicitly 
required by the Annual Statement Instructions:. The fees charged for insurer employees should include 
overhead, just as an outside firm's charges would include." The company may not classify the salaries as DCC 
and the related employee expense costs as AAO. 
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their policyholders. The primary issue is whether the pre-1986 Commercial General Liability 
(CGL) policy provided coverage for these liabilities. 

After the passage of the CERCLA legislation in 1980 by the Congress, insurers and their 
policyholders turned to the courts for declaratory judgment regarding the incidence of liability. 
The courts were asked to judge (to "declare") which party must pay the remediation costs. 
Most legal defense costs for pollution cases in the 1980's and early 1990's related to attorney 
fees for these declaratory judgment (DJ) actions. 

Before codification, there were three views regarding the allocation of these attorney fees: 

1. Insurance companies were paying these legal defense costs to absolve themselves of 
liability. Legal defense costs for both third party and first party claims are coded as ALAE. 
The same coding should be used for defense costs stemming from DJ actions. 

2. The DJ costs are related not to the defense of claims but to the determination of coverage 
for specific types of claims. They are similar to other adjusting costs and should be coded 
as ULAE. 

3. The DJ costs are not related to claims handling butto policy interpretation. Theyshould 
be coded as general expenses, not as loss adjustment expenses. 

Of these three types of expenses-AIAE, ULAE, and general expenses- only ALAE affects 
the one-year and two-year adverse loss reserves development tests (IRIS tests 9 and 10), 
since only ALAE is included in the Schedule P, Part 2, Summary exhibit. The declaratory 
judgment actions were unanticipated costs, and (for some companies) the adverse 
development was large. 

Under the revised NAIC definitions of loss adjustment expenses, DJ legal fees are coded as 
adjusting and other, not as defense and cost containment. They do not affect the adverse loss 
development for IRIS tests 9 and 10.17 

DISTRIBUTION OF ADJUSTING AND OTHER EXPENSES 

Most defense and cost containment (DCC) expenses are related to specific claims and can 
be assigned to accident years. Adjusting and other expenses in columns 8 and 9 are claims 
department overhead and salaries; they are assigned to accident year by formula. 

Schedule P contains columns both for direct and assumed and for ceded adjusting and other 
expenses. In practice, adjusting and similar claims department expenses are rarely ceded 

17 The Annual Statement Instructions say that DCC expenses =exclude expenses incurred in the 
determination of coverage" (i.e., declaratory judgment action expenses). These expenses are explicitly included 
in AAO, which include "attorney fees incurred in the determination of coverage, including litigation between the 
insurer and the policyholder." 
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in reinsurance contracts, since they can not be easily measured and associated with individual 
losses, policies, policy years, or underwriting years. 

The distinction between (i) direct + assumed and (ii) ceded applies only to accident years 
1997 and subsequent. For accident years prior to 1997, the net adjusting and other expenses 
are shown in the direct + assumed column. There was only a single "net" column for 
unallocated loss adjustment expenses before 1997, and it would have been difficult for 
companies to restate the old experience between direct + assumed and ceded portions. 

Until 1997, Schedule P had a mandated statutory formula for distributing ULAE to accident 
years. (ULAE was the precursor of the current adjusting and other expenses.) In 1997, the 
distribution rules were changed; there is no longer a set statutory procedure, but there is 
general guidance on the permitted procedures. Some companies are still using the old 
procedure, which remains permissible; other companies have switched to new methods. Both 
approaches are explained below. 

Previous Statutory Procedure 

The old statutory procedure, which governed the distribution of paid ULAE from calendar 
years before 1997, is still used by many companies. This approach was defined in the pre- 
1997 Schedule P Interrogatory #4 as follows: 

The unallocated loss expense payments paid during the most recent calendar year 
should be distributed to the various years in which losses were incurred as follows: (1) 
45percent to the most recent year, (2) 5percent to the next most recent year, and (3) the 
balance to all years, including the most recent, in proportion to the amount of loss 
payments paid for each year during the most recent calendar year. If the distribution in 
(1) or (2)produces an accumulated distribution to each year in excess of 10 percent of 
the premiums earned for such year, disregarding all distributions made under (3) such 
accumulated distribution should be limited to 10 percent of premiums earned and the 
balance distributed in accordance with (3). 

The assumptions underlying this procedure are 

Half of unallocated loss adjustment expenses are incurred when the claim is reported 
(costs of setting up files and initial investigations), and half are incurred when the claim is 
settled (costs of issuing checks and final negotiations). 

* 90% of claims are reported during the year when the accident occurred, and 10% are 
reported the following year. 
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Unallocated expenses related to claim reporting are assigned to the two most recent accident 
years in a 9 to 1 proportion, and unallocated expenses related to claim settlement are 
allocated in proportion to loss payments. TM 

Illustration: Distribution of AAO Expenses 

Suppose the company has the following 2005 experience for a line of business, all of whose 
claims are settled within five years: 

I. 1: Prior Method of D is '~J~  Unallocated Loss F_Jc~nses by Aecident Year ($000) 

Cal/Acc Eamed Losses Paid 
Year Premium in 2005 

2001 8,000 200 
2002 8,500 500 
2003 9,000 800 
2004 9,000 2,000 
2005 9,500 2,500 

Calendar year 2005 unallocated 
loss adjustment expenses paid: 600 

The calendar year 2005 unallocated loss adjustment expenses (now AAO expenses) are 
$600,000. 45% of $600,000, or $270,000, is allocated to 2005, and 5% of $600,000, or 
$30,000, is allocated to 2004. The remaining $300,000 is allocated in the same proportion 
as paid losses. Exhibit 1.2 shows the full distribution of unallocated loss adjustment expenses 
to accident year. 

Exf'EDit 1.2: Prior MePccl of Dist.nbutJ~ Unalloca~ed Loss ~ by Accident Year(SO00) 

Cal/Acc Losses Paid Paid Loss Unallocated Expense Distribution: 
Year in 1995 percentage Steps 1 & 2 Step 3 Total 

2001 200 3% 0 10 10 
2002 500 8 0 25 25 
2003 800 13 0 40 40 
2004 2,000 33 30 100 130 
2005 2,500 42 270 125 395 

Total: 6,000 100% 300 300 600 

18 This distribution also assumes that the dollar amount of closed claims equals the dollar amount of 
reported claims. See Kittel [1991] and Bill [1991] for the effects of exposure growth and inflation on the 
distribution of ULAE by accident year. 
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Many medical malpractice, products liability, professional liability, non-proportional 
reinsurance claims are not reported until years after the accident date, and insurers providing 
this coverage spend much time negotiating settlements and handling the claims. The old 
statutory distribution procedure assigned at least 45% of the calendar year unallocated loss 
adjustment expenses to the most recent accident year. This percentage is too high for lines 
of business with long reporting lags. 

In addition, the old statutory procedure assumed that half of the ULAE was proportional to the 
amount of the loss settlement. Many components of ULAE, such as setting up claim files, are 
more closely related to the number of claims than to the size of the loss. 

Illustration: In the late 1990's and early 2000's, hundreds of thousands of asbestos claims 
have been filed. The associated AAO expenses are large. All of these claims relate to 
the prior years row in the products liability or other liability exhibits. 

Revised Method 

The old statutory procedure had long been recognized as arbitrary before the 1997 changes. TM 

By the late 1980's, many companies were using more sophisticated ULAE reserving 
procedures, which associated claims department expenses more accurately with policy years 
or accident years. In 1989, W. Johnson published a reserving method that associated ULAE 
entirely with claim reporting and settlement pattems, not with loss payment patterns. 

The third Schedule P Interrogatory now says: 

The adjusting and other expense payments and reserves should be allocated to the 
years in which the losses were incurred based on the number of claims reported, closed 
and outstanding in those years. When allocating adjusting and other expense between 
companies in a group or a pool, the adjusting and other expenses should be allocated 
in the same percentage used for the loss amounts and the claim counts. For reinsurers, 
adjusting and other expense assumed should be reported according to the reinsurance 
contract. For adjusting and other expense incurred by reinsurers, or in those situations 
where suitable claim count information is not available, adjusting and other expense 
should be allocated by a reasonable method determined by the company and 
described in Interrogatory 7, below. Are they so reported in this Statemen~ 

19 Troxel and Breslin [1983], page 130, comment: "... the unpaid ULAE for a workers' compensation 
claim will probably be less than 50 percent since a large reserve is often established for related monthly 
payments which incur little ULAE." See also Salzmann [1967], page 125: "The present percentages used to 
distribute unallocated claims expense.., in Schedule P are arbitrary. Industry studies might be undertaken 
to determine unallocated claims expense distributions by size of claim and by age of claim." For further 
explanation of the prior procedure, see Salzmann [1988], page 83. 
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The Interrogatory seems to mandate an allocation method. The Annual Statement Instructions 
clarify that the method alluded to is preferred but not mandatory: 

The "Adjusting and Other" expenses can be assigned in any justifiable way among the 
accident years. The preferred way is to apportion these expenses in proportion to the 
number of claims reported, closed, or outstanding each year. 

The Schedule P Interrogatory cited above gives a general procedure without specifying the 
specifics, which may differ by line of business and by company. Part 5 of Schedule P 
provides histories of claim count information by accident year, facilitating the use of claim 
counts to distribute adjusting and other expense payments by year. 

Illustration: Revised Method of AAO Distribution 

Suppose the company determines that for other liability claims, the average 20XX adjusting 
and other expense costs per claim, based on a random sample of claims, were as follows: 

• claims reported during the year (initial investigation and setting up files): $500 
• claims settled during the year (final investigation and payment expenses): $300 
• claims closed during the year with no payment (final investigation): $200 
• claims open at year-end but not reported in the year (general expense): $100 

In this sample, all the claims reported during the year remained outstanding at year-end. 

This expense study is simplistic, and it may easily be refined. For example: 

a. Some adjusting and other expense depends on the amount of loss. Large claims receive 
more attention from claims department personnel than small claims receive. 

b. The adjusting and other expenses vary by characteristics of the claims. More complex 
claims require more investigative work and incur more AAO expenses. 

The dollar amounts per claim depend on the time period of the sample, and they increase with 
inflation in subsequent years. We convert the dollar amounts to relativities, which are not 
affected by inflation. 

We distribute the adjusting and other expenses to accident years in three steps. 

1. We determine expense relativities by type of claim, based on the sample data. 
2. We compile the number of claims reported, outstanding, and closed with and without 

payment by accident year from Schedule P, Part 5. 
3. We distribute the calendar year adjusting and other expense payments to accident years 

by the claim count figures and the relativities. 
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RELATIVITIES 

To avoid the distorting effects of inflation, we express adjusting costs in relativities. We 
denote the cost of maintaining an outstanding claim through the end of the year as one unit of 
adjusting expense. The cost of closing a claim without payment is two units of adjusting 
expense, and the cost of settling a claim with payment is three units of adjusting expense. 

A reported claim either remains open at the end of the year or is closed (with or without 
payment) during the year. The costs of reported claims in the sample overlaps with the cost 
of claims open at year end and claims closed during the year. The average AAO cost of a 
reported claim should be differentiated according to its status at the end of the year. For 
simplicity, let us assume that all reported claims in the sample were outstanding at the end of 
the year. The cost of reporting itself is four units of adjusting expense, so the total cost of a 
claim reported during the year is five units of adjusting expenses. 2° 

CLAIM H/STORY 

Schedule P, Part 5, shows three types of cumulative accident year direct plus assumed claim 
count triangles: (i) closed with payment, (ii) outstanding, and (iii) reported. A triangle of claims 
closed without payment may be formed by subtraction: 

cumulative claims reported- cumulative claims outstanding at year end - cumulative 
claims closed with payment = cumulative claims closed without payment. 

The historical Schedule P triangles show cumulative claim counts; incremental (calendar year) 
claim counts are needed for distributing adjusting and other payments. The incremental claim 
counts are determined as the difference between the cumulative claim counts at the current 
valuation date and the cumulative claim counts in the preceding column. For the prioryears 
row, the entry in the final column is the incremental amount, not the cumulative amount, so no 
further calculation is needed. 

Suppose we must distribute $10 million of calendar year 20X9 adjusting and other expense 
payments by accident year. We calculate the following incremental 20X9 claim count figures: 

20 A more rigorous analysis would determine the distribution of reported claims by their status at the end 
of the year. This distribution, along with the average AAO costs, might be as follows: 

• reported during the year and still outstanding at the end of the year: 50% $450 
• reported during the year and closed without payment: 25% $500 
• reported during the year and closed with payment: 25% $600 

This distribution would be used to further refine the analysis in the text. 
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Exhibit 1.3: Reported, Outstanding, and Closed Claims by Accident Year 

Closed Closed 
with w/o Out- Weighted Distri- 

Acc Year Reported Payment Payment standing Claims bution 

Prior 0 5 0 5 20 0.20% 

20X0 0 10 0 10 40 0.40% 

20X1 0 15 0 20 65 0.65% 

20X2 0 25 30 105 1.05% 

20X3 10 40 5 55 225 2.25% 

20X4 15 60 10 80 340 3.40% 

20X5 25 80 10 120 480 4.80% 

20X6 50 100 10 180 700 7.00% 

20X7 125 150 15 300 1,280 12.80% 

20X8 275 215 50 400 2,245 22.45% 

20X9 800 200 100 500 4,500 45.00% 

To~l 1,300 900 200 1,700 10,000 100.00% 

The "weighted claims" entry for each accident year equals the sum of the entries in the four 
preceding columns times the relativities for each type of claim. For example, the weighted 
claims for accident year 20X9 is 

800 x 4 + 200 x 3 + 100 x 2 + 500 x 1 =4,500. 

DISTRIBUTION 

The distribution of adjusting and other payments by accident year is proportional to the 
distribution of weighted claims by accident year. The total calendar year 20X9 adjusting and 
other expense payments is $10 million, and the total incremental weighted claims for all 
accident years at December 31, 20XX, is 10,000. The distribution of AAO payments to 
accident year 20X9 is 

$10,000,000 x 4 ,500/10,000 = $4,500,000. 

378 



The $4,500,000 is the incremental AAO for accident year 20X9 in calendar year 20X9. 
Similarly, the incremental AAO for accident year 20X8 in calendar year 20X9 is $2,245,000. 

Schedule P requires cumulative figures. The cumulative AAO for accident year 20X8 at 
statement date December 31,20X9 equals $2,245,000 plus the cumulative AAO for accident 
year 20X8 at statement date December 31,20X8. Similar computations are done for the 
individual accident years. The prior years row in Schedule P, Part 1 shows the current 
calendar year activity, so the entry is 0.20% x $10,000,000 = $20,000. 

From the Schedule P interrogatory, it might seem that the old statutory distribution method is 
no longer permitted, since it is not "based on the number of claims reported, closed and 
outstanding." This is not the intention. Dick Roth, who drafted the new interrogatory, explains 
that the old statutory method is indeed based on the number of claims reported, closed and 
outstanding. However, it also makes assumptions about the way that AAO is paid: 50% when 
the claim is reported and 50% when the loss is paid. The current procedure no longer requires 
companies to make this assumption. 21 

POOLING AND REINSURANCE AAO 

When allocating AAO among companies in a pool, one should use the same method used to 
aUocate losses and claims to the participating companies, not the "number of claims reported, 
closed and outstanding." Suppose that Companies A and B participate in a pool. If Company 
A gets 40% of the losses and Company B gets 60% of the losses, then Company A gets 40% 
of the AAO and Company B gets 60% of the AAO. Companies A and B then allocate their 
respective percentages of the AAO to accident years according to a claim count method. 

The amount of AAO assumed by a reinsurance company depends upon the reinsurance 
contract. If the contract is a 50% pro-rata treaty, the contract may specify that the reinsurer 
also assumes 50% of the AAO. Unallocated loss adjustment expenses are generally not 
included in reinsurance treaties, so this issue is rarely material. 

In reinsurance arrangements, the reinsurance company may not have the claim counts of the 
underlying business. If so, the reinsurer may use another method to distribute AAO to 
accident years. 

21 The Annual Statement Instructions say: "l'he "Adjusting and Other" expenses can be assigned in any 
justifiable way among the accident years. The preferred way is to apportion these expenses in proportion to 
the number of claims reported, closed, or outstanding each year." Any distribution method may be used, as 
long as it can be justified. 
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CLAIM COUNTS 

Column 12 shows the number of claims reported on direct and assumed business. The lines 
of business may be grouped into three categories with respect to claim count coding: 

• Reported claim counts are shown for nine lines of business: homeowners/farmowners, 
personal auto liability, commercial auto liability, workers' compensation, commercial 
multiple peril, other liability, medical malpractice, auto physical damage, and products 
liability. For these nine lines, claims outstanding are also shown in column 25 and claims 
closed with and without payment are shown in Schedule P, Part 3. Reported claim counts 
are not shown for lines combining different types of coverage, such as special liability, 
special property, international, and non-proportional reinsurance. 

• The remaining pdmarylines of business show the number of claims outstanding in column 
25, but they need not show the reported claims or the number of claims closed with and 
without payment. 

• Thenon-proporUonalreinsurancelines(A,B, andC)neednotshoweventhenumberof 
outstanding claims. 

Illustration: Claim counts are difficult to assign to non-proportional reinsurance, as the 
following examples show. 

• An explosion in a large factory may reverberate through several excess reinsurance 
layers and their retrocession agreements. Rules for the percentage of a claim shown by 
each reinsurer would be arbitrary. 

• An aggregate retention in an excess-of-loss treaty would cause a reinsurance 
recoverable stemming from the complete book of business. There is no claim coun 

Average Claim Severities 

Claim count information can be used in several ways. 

Cumulative losses paid to date divided by cumulative claims closed with payment provides 
the average paid claim cost. A comparison of a carrier's trend in average claim cost by 
accident year for a given line of business with either industry averages or inflation indices may 
help identify deteriorating or improving books of business. 

Similar ratios may be formed from other claim count figures. As examples, 

• Cumulative losses reported to date divided bythe sum of claims closed with payment 
and outstanding claims shows the average incurred claim cost for non-frivolous claims. 
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Outstanding case reserves divided by outstanding claims shows the average size of 
case reserves. A compar ison of trends in this ratio with trends in average paid claim 
costs may identify strengthening or weakening case reserve adequacy . " -  

Claims may be counted e i ther"per  claim" (i.e., "per accident") o r "per  claimant." Automobi le 
liability insurance illustrates the difference. If an insured driver causes an accident and injures 
three other  persons, each of whom seeks bodily injury compensation, are there three claims 
o rone  claim? Carders may use either definition, but they must be consistent for all lines. The 
choice is reported in Schedule P Interrogatory 6: 

6. Claim count information is reported (check one): (a) per claim 
(b) per c laimant _ _  

Direct and Assumed vs Ceded 

Claim count  information in Schedule P uses direct and assumed business, not ceded or net 
business. The assumed business on the pr imary lines of business is assumed proport ional 
business, whereas the ceded business on the primary lines of business includes ceded non- 
proport ional business. 

Assumed claim counts on proportional reinsurance arrangements uses the same proportion 
as losses. With regard to in tercompany pool ing agreements,  for instance, the Annual 
Statement Instructions say 

Claim counts should be reported in accordance with the pooling arrangement and 
should reflect the company's proportionate share of the total number of claims. If the 
company's losses are 40% of the pool, then 40% of the claim counts should be reported. 

The same procedure is used for proportional reinsurance arrangements between unaffiliated 
entities.23 For non-proport ional reinsurance, there is no simple way to determine the number 
of claims ceded or assumed, since the percentage of a claim that is ceded depends on the 

z2 Actuarial expertise is essential in such analyses. Average claim cost ratios (paid, reported, and 
outstanding) depend on the maturity of the data. All three ratios increase with the development period, though 
they increase at different rates. See Salzmann [1984] on the importance of using data at the same maturity 
when comparing accident years. 

23 In past years, the NAIC Instructions were unclear regarding assumptions from non-affiliated ceding 
companies. The previous version of this paper, written in 1996, cited the Annual Statement Instructions then 
applicable and noted Richard Roth's recommendations for completing the exhibit. The issues have since been 
resolved as stated in the text, and the Annual Statement Instructions have been changed to accord with Mr 
Ruth's recommendations. Companies that are still using the old claim count method for non-affiliated 
proportional reinsurance should switch to the procedure outlined in this paper. 
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size of the claim. For this reason, ceded and net claim counts are not shown for any line, and 
assumed claim counts are not shown for non-proportional reinsUrance. 

LOSS AND Loss EXPENSE RESERVES 

Columns 13 through 25 show data by accident year on unpaid amounts: losses, loss 
expenses, anticipated salvage and subrogation, and claims. 

Before 1989, Schedule P, Part 1F showed IBNR reserves separately from case reserves. 
It was unclear whether the development on reported cases should be classified as IBNR or 
as case reserves, and insurers chose different definitions of IBNR. To avoid inconsistency 
among companies, Schedule P divides reserves between case reserves and bulk + IBNR 
reserves. All actuarial reserves, whether for development on reported cases or emergence 
of unreported cases, comprise the "bulk + IBNR" reserves. 24 

Actuarial bulk reserves for reported claims are not necessarily a sign of under- reserv ing,  as 
long as the company sets proper total reserves. 

I l lust rat ion:  A workers' compensation carrier reports 1,000 claims for lower back sprains 
and strains. Most workers with such injuries retum to work within a few weeks, though 
some become permanently disabled. The insurance company can not identify the claims 
that will develop into permanent cases. Some companies augment the individual case 
reserves to fund the claims that develop adversely; other companies use bulk reserves. 
Neither method is intrinsically better. 

Many claims examiners set a single case reserve for both losses and defense and cost 
containment expenses. For these companies, columns 17 and 18, the case basis"direct plus 
assumed" and ceded reserves fordefense and cost containment expenses unpaid would be 
zero. Zero entries in columns 17 or 18 are acceptable, as long as the appropriate bulk 
reserves are recorded in columns 19 and 20. 

I l lust rat ion:  A claims adjuster sets a $1 million reserve for a general liability claim. The 
reserving actuary estimates that 20% of the amount will be used for defense and cost 
containment expenses. The appropriate entries in Schedule P would be +$1 million as 
the case basis losses unpaid, -$200,000 as the bulk losses unpaid, and +$200,000 as 
the bulk defense and cost containment expenses unpaid. 2s 

24 See SSAP No. 55, "Unpaid Claims, Losses, and Loss Adjustment Expenses," paragraph 5(b): "Bulk 
provisions are reserves included with other IBNR reserves to reflect deficiencies in known case reserves." 

25 In practice, the entries for this claim would be mixed with the entries of other claims, and the negative 
loss reserve would not be noticeable. 
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Retroactive Reinsurance 

Prospective reinsurance is the transfer of the risk of loss from exposures that have not yet 
been earned. Retroactive reinsurance is the transfer of losses that have already occurred, 
though they have not yet been settled and some have not even been reported yet. 

Retroactive reinsurance is sometimes used to circumvent statutory requirements to hold full 
value (undiscounted) reserves. 

Illustration: A block of unpaid losses has an ultimate (full) value of $100 million and a 
present value of $75 million. The primarycompanytransfers the losses to a reinsurerwith 
a payment of $80 million. The reinsurer gains $5 million of economic income, and the 
primary company gains $20 million of statutory income. 

GAAP recognizes both prospective and retroactive reinsurance. For GAAP financial 
statements, the equity gain from retroactive reinsurance is recognized ratably over the 
settlement lifetime of the claims. 

For statutory accounting, retroactive reinsurance increases total surplus, but it does not 
immediately affect unassigned surplus. Retroactive reinsurance has no effect on the loss 
reserves shown on Annual Statement =exhibits or schedules" (i.e., the Underwriting and 
Investment Exhibit and Schedule P). The reinsurance is not coded as ceded business in 
Schedule P and it does not reduce loss reserves on line 1 of page 3. Instead, the reinsurance 
recoverable is coded as a write-in contra-liability on line 22 of page 3 and an offsetting entry 
on line 24, "aggregate write-ins for special surplus funds." 

RETROACTIVE REINSURANCE ACCOUNTING ILLUSTRATION 

On December 31,20XX, $100 million of loss reserves are reinsured retrospectively for $80 
million. The accounting entries are as follows: 

December 31,20XX: 
DQbit Credit 

Balance sheet: Case loss reserve: (No change) 
Income statement: Other income: $20,000,000 
Balance sheet: Cash paid: $80,000,000 
Balance sheet: Contra-liability for reinsurance recoverable--: $100,000,000 
Balance sheet: Special surplus funds: $20,000,00(~ 

zs The $20,O00,(XX) in the special surplus line is a segregation of surplus, not an accounting entry. 
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Details of retroactive reinsurance transactions are shown in note 22F to the Annual Statement. 
Note 22F discloses the following five items, by calendar year, for all retroactive reinsurance 
agreements "that have already occurred and that will generate special surplus transactions": 

a. Reserves transferred; 
b. Consideration paid or received; 
c. Paid losses reimbursed or recovered; 
d. Special surplus from retroactive reinsurance; and 
e. The cedants and reinsurers included in items (a) through (d) 

For explanation and illustration of this note, see Yoheved and Feldblum [2002: notes]. 

Anticipated Salvage and Subrogation 

Before 1991, statutory accounting required insurers to hold loss reserves gross of anticipated 
salvage and subrogation, whereas GAAP statements showed reserves net of anticipated 
salvage and subrogationY 

Illustration: The company's policyholder incurs an automobile collision claim. The car 
is severely damaged, and the company expect to pay the "blue book" value of $5,000. 
The company expects to receive salvage of $2,000 on the damaged vehicle. 

For GAAP statements, the company sets up a loss reserve of $3,000, whereas for 
statutory statements, the company sets up a loss reserve of $5,000. The salvage was 
not recognized until it was received. 

The Intemal Revenue Service bases taxable income on Annual Statement figures. In 1991, 
the Treasury amended its deduction for incurred losses to permit only reserves netof salvage 
and subrogation anticipated as an offset to taxable income (see Rev. Proc. 91-48 1991-34 
I.R.B. 1 ), just as it allows only discounted reserves as an offset to taxable income. It presumed 
that Schedule P reserves were gross of anticipated salvage and subrogation, and it reduced 
these figures to a net basis. The Treasury determines anticipated salvage and subrogation 
on a formula basis, just as it determines the loss reserve discount on a formula basis. 

For many insurers, Schedule P reserves were net of anticipated salvage and subrogation 
even before 1991, despite the statutory regulation to the contrary, zB To avoid a double 
reduction for anticipated salvage and subrogation, with the corresponding overstatement of 

27 See page 22 for definitions of these terms and for the statutory accounting treatment of salvage and 
subrogation received. 

28 A survey of 14 major property-casualty insurance companies in 1990 found that 13 were offsetting their 
reserves, either partially or fully, for anticipated salvage and subrogation. 
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taxable income and of the federal income tax liability, the NAIC al lowed insurers to report 
reserves net of anticipated salvage and subrogation for the 1991 and subsequent  Annual 
Statements and to "gross up" the reserves for federal income tax purposes. ~ 

The Treasury al lows insurers to "gross up" their loss reserves for anticipated salvage and 
subrogation only if the amount of the reduction is disclosed in the Annual Statement. 3° Column 
23, "salvage and subrogat ion anticipated," shows this disclosure. It is not used in the 
Schedule P calculation of the net incurred losses, since loss reserves in column 24 are 
a l ready net of the anticipated salvage and subrogation amounts in column 23, just as the 
Schedule P paid losses are net of salvage and subrogation received, zl A similar disclosure 
of ant icipated salvage and subrogation is made in the Statement  of Actuarial Opinion 
Regarding Loss and Loss Adjustment Expense Reserves, paragraph 9(a). ~ 

Companies  may use ei ther of two practices to report anticipated salvage and subrogation: 
the case reserves in columns 13 and 14 may be shown net of anticipated salvage and 
subrogat ion, or  the case reserves may be shown gross of anticipated salvage and 
subrogation, and the anticipated amounts (for both reported and IBNR claims) may be an 
offset to the bulk reserves in columns 15 and 16. 

29 For statutory financial statements, the reporting entity may choose not to reduce loss reserves for 
anticipated salvage and subrogation. For GAAP financial statements and for tax purposes, the reduction for 
anticipated salvage and subrogation is required. 

As Ruth Salzmann has pointed out to me, the major purpose of Part 2 of Schedule P is to show favorable or 
adverse loss development. If reserves are gross of anticipated salvage and subrogation, but payments are net 
of salvage and subrogation received, the Part 2 triangles show apparent favorable development, because selvage 
and subrogation is not recognized until it is received. Reporting reserves net of anticipated salvage and 
subrogation improves the accuracy of the Schedule P retrospective tests of reserve adequacy. 

3o Compare Treasury regulations 2001FED 26,153, §1.832-4, paragraph 14.D(2): "A company.., is 
allowed to increase the unpaid losses shown on its annual statement only if the company.., discloses on its 
annual statement, by line of business and accident year, the extent to which estimated salvage recoverable 
is taken into account in computing the unpaid losses shown on the annual statement filed by the company for 
the calendar year ending with or within the taxable year of the company." Alternatively, a separate disclosure 
statement may be filed with regulatory authorities. 

31 Similarly, the paid losses in column 4 are already net of the salvage and subrogation received in column 
10. 

The disclosure wording of the Statement of Actuarial Opinion, paragraph 9A, is as follows: 

Anticipated salvage and subrogation included as a reduction to loss reserves as reported in Schedule P -  
Analysis of Losses and Loss Expenses, Underwriting and Investment Exhibit - Part 3A and on Page 3 - 
Liabilities, Surplus, and Other Funds, Line I, $ 
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For tax purposes, the anticipated salvage and subrogation is discounted just as the gross loss 
reserves are discounted. The Treasury procedures for estimating and discounted anticipated 
salvage and subrogation are discussed below in conjunction with the discounting procedures 
for loss reserves. 

Distributing Unallocated Expense Reserves 

Property-casualty insurance companies often place less emphasis on estimating reserves for 
adjusting and other expenses (unallocated loss adjustment expenses) for several reasons: 

1. The amount of the reserve for adjusting and other expenses is relatively small, and it is not 
subject to large uncertainty. 

2. ThereservesforadjustingandotherexpensesarenotincludedintheNAICretrospective 
reserve adequacy tests (IRIS tests 9 and 10; see below), and there is no cross-check in 
the Annual Statement for the amount of these reserves. 

3. Some companies do not appreciate the rationale for holding reserves for adjusting and 
other expenses. They reason as follows: 

Losses are an expense of the period during which the loss occurred, so loss 
reserves are set up when the loss occurs, even if the loss has not yet been paid or 
even reported. Defense and cost containment expenses (ALAE) are associated with 
particular claims, so they have the same accounting treatment as those claims. But 
adjusting and other expenses are claims department overhead. Just as underwriting 
department overhead flows through income when it is incurred, so claims department 
overhead should flow through income when it is incurred. 

This reasoning is not correct. The underwriting department overhead is incurred for policies 
written during that time period, so the expense flows through the income statement for that 
time period. The claims department overhead is incurred (in part) for claims that occurred 
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during previous accounting periods. A reserve must be established when the claims occur, 
not when these expenses are incurred. ~ ~ 

Because adjusting and other expenses are not associated with particular claims or particular 
accident years, and because this reserve may not be of major concern, some companies 
de te rmineagenera l reserve tha t i sno tassoc ia tedw i thspec i f i cacc iden tyears .  Before 1997, 
Schedule P had no instructions for distributing unallocated loss adjustment expenses unpaid 
to accident year. 

A common procedure for this distribution was to use the rationale for the distribution of 
unallocated expense payments to accident years, and to assume that the "bulk + IBNR" 
reserves consist of pure IBNR, not development on known cases. 

The unallocated expense reserves were distributed in the same proportion as case reserves 
plus twice the IBNR reserve. Because of its simplicity, this procedure is still used by many 
companies. ~ 

Both GAAP and statutory accounting allocate all loss adjustment expanses to the period when the 
claims occurred. SFAS 60, paragraph 20, says: 

A liability for all costs expected to be incurred in connection with the settlement of unpaid claims (claim 
adjustment expenses) shall be accrued when the related liability for unpaid claims is accrued. Claim 
adjustment expenses include costs associated directly with specific claims paid or in the process of 
settlement, such as legal and adjusters' fees. Claim adjustment expenses also include other costs that cannot 
be associated with specific claims but are related to claims paid or in the process of settlement, such as 
internal costs of the claims function. 

Statutory accounting has the same rule; see SSAP No. 55. 

Total loss adjustment expense reserves should reconcile with the Underwriting and Investment Exhibit. 
Schedule P, Part 1, line 12 (total for all accident years), columns 17 - 18 + 19 - 20 + 21 - 22 should equal the 
corresponding line of business entries in Part 3A of the Underwriting and Investment Exhibit, column 9, "unpaid 
loss adjustment expenses." The Underwriting and Investment Exhibit does not subdivide the unpaid loss 
adjustment expanses between defense and cost containment expenses and adjusting and other expenses. 

Salzmann [1988], pages 83-84, describes this procedure in more detail: 

"By combining the intent and arithmetic of the footnote to the schedules, the total unallocated LAE liability is 
the sum of two products: (1) the liability for reported losses times the paid/paid ratio @ 50%, and (2) the IBNR 
liability times the paid/paid ratio @ 100%. 

These two calculations can be reduced to one: 

Unallocated LAE liability = .5 paid/paid ratio x (Total loss liability + IBNR liability)." 

[Before 1989, the procedure for distributing unallocated loss adjustment expanse payments to accident years 
was described in a footnote to Schedule P, Part 1 and not in the Annual Statement instructions. Salzmann's 
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These assumpt ions are not entirely accurate. In particular, much IBNR is deve lopment  on 
reported cases, so the second assumption over-weights the proport ion of the reserves for 
adjust ing and other  expenses associated with IBNR reserves. 

• Schedule P Interrogatory #3 now requires reserves for adjusting and o ~ e r  expense payments 
to be a l located to accident years based on "the number  of claims reported, closed, and 
outstanding. "~ Reserving methods patterned on the procedure recommended by Johnson 
[1989] are used by some companies.  The parameters of the reserving method, such as the 
percentage of adjusting and other expense costs to be ascribed to claim reporting or to claim 
payment, vary by line of business and by company. There is no standard method of estimating 
AAO reserves or of spreading them to accident year. 

Claims Outstanding 

Column 25 shows the number  of claims outstanding on direct and assumed business. 
Co lumn 25 must be completed for all pr imary lines of business, though not for the three 
reinsurance lines. 37 The ratio of case reserves in column 13 (or case reserves plus DCC 
reserves in columns 13 plus 17) to column 25 shows the average value of an outstanding 
claim. This ratio must be used with caution, for two reasons: 

1. Lines such as workers' compensation, automobi le no-fault, and accident & health provide 
periodic payments during the durat ion of a disability. The case reserves show only the 
remaining unpaid losses, not the entire benefits, so the ratio of case reserves to claims 
outstanding understates the value of an outstanding claim. This distortion increases as 
the claims mature. 

2. Smaller, s impler cases are settled more rapidly than larger, more complex cases, 
part icularly in the tort l iability l ines of business. 

paid~paid ratio is the ratio of "unallocated loss adjustment expense paid to losses paid for the most recent 
calendar year(s).'] 

As Ruth Salzmann has explained to me, "The method is not put forward on its own merits; rather, it is 
appropriate only because it is consistent with the assumption underlying the formula allocation of paid 
unallocated loss expenses by accident year. Thus, the method does no more than anticipate future formula 
allocations." Claim reporting and settlement patterns allow a better distribution of both paid and unpaid 
unallocated expenses by accident year; see the following footnote. 

As noted above, this should be interpreted as a recommendation, not as a requirement. The Annual 
Statement Instructions explain that "the Adjusting and Other expenses can be assigned in any justifiable way 
among the accident years. The preferred way is to apportion these expenses in proportion to the number of 
claims reported, closed, or outstanding each year." 

37 These exhibits show assumed non-proportional business. Since the reinsurer is assuming a layer of 
loss, not the entire loss, the number of outstanding claims is not a meaningful figure. 
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3. Loss development on reported cases is included in the bulk reserves shown in column 15, 
not in the case reserves of column 13. One can not include column 15 in calculating the 
average value, since this column includes IBNR reserves, and IBNR claims are not 
included in column 25. If there is significant loss development on reported cases, then the 
ratio noted above understates the value of an outstanding claim. 
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ILLUSTRATION: OUTSTANDING CLAIM SEVERITY 

Lest readers underestimate the difficulties of using Schedule P average outstanding claim 
severities, we show an example of workers' compensation premiums, unpaid losses and loss 
adjustment expenses, outstanding claim counts, and average outstanding claim severities. 

Exhibit 1.4: Outstanding C/aim Sevedty 

Year 

Prior 

20X0 

20X1 

20X2 

20X3 

20X4 

20X5 

20X6 

20X7 

20X8 

20X9 

Net Premium Net Unpaid Direct + Assumed Outstanding Claim 
Loss + LAE Outstanding Claims Severity 

$800,000 13,650 $58,608 

$1,800,000 $230,000 2,600 $88,462 

$2,650,000 $320,000 3,400 $94,118 

$2,800,000 $330,000 4,400 $75,000 

$2,800,000 $360,000 5,400 $66,667 

$2,650,000 $325,000 6,600 $49,242 

$2,500,000 $530,000 

$2,250,000 $650,000 

$2,000,000 $715,000 

$1,650,000 $750,000 

$1,300,000 

8,800 $60,227 

10,000 $65,000 

14,250 $50,175 

23,000 $32,609 

42,000 $880,000 $20,952 

The progression of average outstanding claim severities reflects the company's operations 
and the nature of workers' compensation claims. 

=~ Foraccidentyears2OX2andprior, almostalltheoutstandingclaimsarelifetimepension 
cases. The increasing severities reflect inflation and the partial (weekly) payments on 
these claims. The pension claims in the prior years row stem from old years; the severities 
reflect only the amount still remaining to be paid. 

=~ For accident years 20X2 through 20X4, the pension cases are increasingly mixed with 
temporary cases, and the average outstanding claim severities decrease. 
The company began switching business to large dollar deductible policies in 20X4, as the 
decline in net earned premium indicates. The rise in average outstanding claim severities 
in 20X5 and 20X6 reflects the higher average costs of excess claims. 
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=¢ The claims in accident years 20X7 through 20X9 are increasingly dominated by temporary 
cases, and much of the reserves are bulk reserves, not case reserves. The average 
outstanding claim severities decline rapidly, despite the increasing use of large dollar 
deductible policies. 

Loss Ratios 

Columns 26 through 31 are calculated figures. 

• Column26,"Totallossesandlossexpensesincurred, directandassumed,"equalsthe 
sum of columns 4, 6, 8, 13, 15, 17, 19, and 21. 

• Column 27 (ceded) equals the sum of columns 5, 7, 9, 14, 16, 18, and 20. 
• Column 28 (net) equals column 26 minus column 27, or the sum of columns 11 and 24. 
• Columns 29 through 31, "Loss and loss expense percentage (Incurred / Premiums 

Eamed)" for direct and assumed, ceded, and net business are the ratios of columns 
26 through 28 to columns 1 through 3, respectively. 

Industry-wide averages by line of business of column 31 for 1983-1992 were used to 
determine the written premium charge in the NAIC risk-based capital formula. The individual 
company ratios in column 31 are used for the company adjustment to the written premium risk 
charge in the risk-based capital submission; see Feldblum [RBC: 1996]. 

These ratios are gross of non-tabular discount and net of tabular discount. They are used by 
financial analysts to assess the underwriting performance of insurance enterprises (i) in 
absolute terms, (ii) in comparison with other insurers, and (iii) in comparison with past 
performance. 

Loss Reserve Discounting 

Columns 32 and 33 show the non-tabular discount for losses and loss adjustment expenses, 
respectively. These columns provide a reconciliation of the Schedule P figures with the 
entries in the Underwriting and Investment Exhibit, which are reproduced in columns 35 and 
36 of Schedule P. 

In general, property-casualty loss reserves are shown at undiscounted values on statutory 
accounting statements, with the exception of tabular discounts. = The statutory undiscounted 
values must include the effects of expected inflation from the statement date to the settlement 
date, but they may not include the effects of discount rates. 

Undiscounted values are also termed nominal values or ultimate values. Discounted values are also 
termed market values or fair values. 
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Loss reserve valuation in other accounting systems - GAAP, tax, risk-based capital, and 
international accounting - are noted below. 

• For property-casualty insurance, GAAP discounting rules follow the statutory accounting 
procedures, with minor exceptions. 

• For federal income tax purposes, only discounted reserves are offsets to taxable income. 
The discounted reserves are determined from Schedule P entries; see page 171 below. 

• The risk-based capital formula determines the reserving risk charge and the written 
premium risk charge based on discounted reserves. The RBC formula uses the IRS 
discounting procedures and loss payment pattems, though with a flat 5% discount rates 
instead of the 60 month moving average of the federal mid-term rates. The RBC loss 
reserve discount factors were established in 1993 and have not been changed since then. 

• Currently evolving international insurance accounting standards use fair value (i.e., 
discounted value) for loss reserve valuation. 

TABULAR AND NON- TABULAR DISCOUNTS 

There are two types of loss reserve discounts: tabular discounts and non-tabular discounts. 
Tabular discounts are discounts based upon a mortality or morbidity table. Under statutory 
accounting, they may be applied only to the indemnity (i.e., wage replacement) portion of 
workers' compensation pension cases or to long-term disability claims. They may not be 
applied to the medical benefits or loss adjustment expenses associated with these claims. ~ 
This is similar to the reserve valuation for an immediate annuity, except that the beneficiary 
of a workers' compensation pension case is a disabled life. 

Non-tabular discounts are determined from the aggregate payment patterns of the book of 
business or other information, generally using historical paid loss data. See the section below 
on the IRS loss reserve discount factors for an illustration. 

Illustration:A construction worker is permanently paralyzed after a fall from a scaffold. The 
weekly workers' compensation indemnity benefits are $1,000 for life. Based on the injured 
worker's age, sex, and health status, the expected future lifetime is 40 years. The 
undiscounted reserve is 40 years x 52 weeks x $1,000 per week = $2.08 million. The 
discounted reserve, which would be substantially less, is shown in Schedule P. 

The workers' compensation insurer also pays for daily home health care visits, 
rehabilitation treatment, and periodic nursing and physician care. The current cost is 

SSAP No. 65, "Property and Casualty Contracts," paragraph 11, says: 'Tabular reserves are indemnity 
reserves that are calculated using discounts determined with reference to actuarial tables which incorporate 
interest and contingencies such as mortality, remarriage, inflation, or recovery from disability applied to a 
reasonably determinable payment stream. Tabular reserves shall not include medical loss reserves or loss 
adjustment expense reserves." 
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about $600 a week. These costs are expected to increase with inflation and with 
deterioration of the worker's condition as he or she ages. Based on actuarial analyses 
of future inflation rates and development pattems, the undiscounted reserve is $3.5 million 
and the discounted reserve is $1.1 million. This is classified as a non-tabular reserve 
discount, even though it is based on an individual claim. 

DISCOUNTING AND RISK-BASED CAPITAL 

The distinction between tabular and non-tabular reserve discounts affects the risk-based 
capital ratio. The RBC ratio is the company's "adjusted surplus" divided by its risk-based 
capital requirements. Adjusted surplus is policyholders' surplus minus non-tabular reserve 
discounts, along with other adjustments applicable primarily to life insurance companies. 
Tabular reserve discounts do not have this effect. Since the risk-based capital ratio is seen 
as an indicator of financial strength, companies have an incentive to reclassify non-tabular 
reserve discounts as tabular reserve discounts. 4° 

Illustration: For the ABC Insurance Company, policyholders' surplus is $500 million, loss 
reserves are $800 million, the tabular discount is $100 million, the non-tabular discount is $50 
million, and the risk-based capital requirements are $300 million. The RBC ratio is 

($500 million - $50 million) / $300 million = 150%. 

DISCOUNTING AND STATUTORY REPORTING 

The treatment of discounting in the Annual Statement exhibits and schedules is as follows: 

Loss and expense reserves on the balance sheet (page 3, lines 1, 2, and 3), in the 
Underwriting and Investment Exhibit, Parts 3 and 3A (pages 10 and 11), and in other parts 
of the Annual Statement (such as the Page 15 state pages) are net of both tabular and 
non-tabular discounts. 

Schedule P, Part 1, is net of tabular discount and gross of non-tabular discount. In order 
to reconcile Part 1 of Schedule to the rest of the Annual Statement, non-tabular discounts 
are disclosed in columns 32 and 33. 

Schedule P, Parts 2 and 4 are gross of both tabular and non-tabular discounts. The 
reconciliation between Part 1 of Schedule P and Pads 2 and 4 of Schedule P is in the 
Note to the Financial Statements titled "Discounting of Liabilities for Unpaid Losses and 
Unpaid Loss Adjustment Expenses" [Note 28, section (1), in 2001]. Disclosure of loss 

4o The exclusion of discounts_on medical benefits and loss adjustment expenses from classification as 
tabular discounts was established by Mr. Vincent Laurenzano in May 1994 in conjunction with the final draft 
of the property-casualty risk-based capital formula, and it was subsequently adopted into statutory accounting. 
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reserve discounts in orwith the Annual Statement is necessaryfor the company to =gross 
up" its discounted reserves for federal income tax purposes, thereby reducing its tax 
liability for the year; see the section on IRS loss reserve discounting further below. 

The "amortization of discount," or the ' unwinding of the interest discount," in loss triangles that 
are net of discount shows up as apparent adverse loss development. Part 2 of Schedule P 
is intended to show true adverse loss development, so it is reported gross of all discounts. 

For lines of business which do nothave tabular discounts (that is, for all lines except workers' 
compensation and accident & health), the reconciliation between Part 1 and Part 2 of 
Schedule P is as follows: for each accident year, 

Part 1, columns 28 - 21 + 22 - 8 + 9 equals Part 2, column 10. 

Net incurred losses and loss adjustment expenses by accident year (Part 1, column 28) minus 
net adjusting and other expense reserves (column 21 minus column 22) minus net cumulative 
adjusting and other expenses paid (column 8 minus column 9) equals net incurred losses and 
defense and cost containment expanses at the current statement date (Part 2, column 10). 
This reconciliation does not work for lines of business that have tabular discounts. The Part 
2, column 10 figures are higher by the amount of the tabular discount. 

Dynamic Discount Rates 

Life insurance and annuity policy reserves are held at discounted values on statutory financial 
statements. The maximum allowable discount rate that is prascribed by statutory regulation 
is dynamic in that it varies with the yield on investment grade corporate bonds minus a 
specified margin that varies with the characteristics of the insurance product; see the 1990 
Standard Valuation Law for life insurance products. 

Similarly, the 2001 statutory accounting codification rules limit the maximum interest rate for 
non-tabular reserve discounts when discounting is permitted. The maximum permitted 
interest rate is the lower of (i) the yield on five year Treasury notes and (ii) the company's 
investment yield minus 1.5 percentage points. The company's investment yield is 

a. The company's average yield on invested assets if invested assets exceed the loss 
reserves plus the unearned premium reserves, or 

b. The company's average yield on totalassets if invested assets are less than the loss 
reserves plus the unearned premium reserves. 41 

41 See SSAP Number 65, =Property and Casualty Contracts," paragraph 12: 

When establishing discounted loss reserve liabilities prescribed or permitted by the state of domicile using a 
non-tabular method. . ,  the rate used [shall not] exceed the lesser of the following two standards: 
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The maximum permitted discount rate is dynamic in that it varies with the current yields on 
Treasury securities and with the company's own investment results. Prior to the codification 
of statutory accounting in the late 1990's, most states that permitted discounting in specific 
instances used static maximum discount rates, which were absolute rates coded in the law. 42 

No maximum discount rate is specified by statutory accounting for tabular discounts. 
However, the discount rate used, both for tabular and non-tabular discounts, must be 
disclosed in the notes to the financial statements. 

ILLUSTRATION: MAXIMUM DISCOUNT RATE 

A property-casualty insurance company discounts certain reserves using a non-tabular 
method. The maximum permitted discount rate is based on the following data. 

December 31,20XX loss reserves: 
December 31,20XX unearned premium reserves: 
December 31,20XX statutory invested assets: 
Average investment yield on invested assets during 20XX: 
December 31,20XX total statutory assets: 
20XX investment income eamed (line 8 of U&IE): 
5 year Treasury note rate on December 31,20XX 

$120 million 
$50 million 
$160 million 
9.5% per annum 
$210 million 
$14 million 
7.5% per annum 

The yield on five year Treasury notes is 7.5% per annum. On the statement date, the company 
holds $170 million of loss plus uneamed premium reserves, and it has $160 million of invested 
assets. Since the invested assets are less than the reserves, we examine the yield on total 
assets, which is $14 million / $210 million = 7.0%. Subtracting the statutory margin of 1.5% 
gives 5.5%. The maximum permitted statutory discount rate is the lower of 5.5% and 7.5%, 
or 5.5% per annum. 

This company has a large percentage of non-invested assets, such as premiums receivable, 
accrued retrospective premiums, deferred tax assets, and non-investment real estate. If the 
company's invested assets were greater than the loss plus unearned premium reserves of 
$170, we would use the yield on invested assets minus 1.5% percentage points, to give 8.0% 

a. If the reporting entity's statutory invested assets are at least equal to the total of all policyholder reserves, 
the reporting entity's net rate of retum on statutory invested assets, less 1.5%, otherwise, the reporting entity's 
average net portfolio yield rate less 1.5% as indicated by dividing the net investment income earned by the 
average of the reporting entity's current and prior year total assets; or 
b. The current yield to maturity on a United States Treasury debt instrument with maturities consistent with 
the expected payout of the liabilities. 

42 Statutory accounting retains the static perspective in the IRIS test on the company's investment yield, 
which uses fixed numbers as the bounds (currently 4.5% to 10.0%). 
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per annum. The maximum permitted loss reserve discount rate would be the lower of 8.0% 
and 7.5%, or 7.5% per annum. 

DISCOUNTING DISCLOSURES AND RECONCILIATION 

Columns 35 and 36 show the effect of the non-tabular discount on the loss and loss adjustment 
expense reserves. If no discount is used, column 35 equals columns 13 -14  + 15 -16  (net 
case reserves plus net bulk reserves), and column 36 equals columns 17-18 + 19-  20 + 21 
- 22 (net case DCC reserves plus net bulk DCC reserves plus net AAO reserves). If a non- 
tabular discount is used, the discount figures in columns 32 and 33 must be subtracted from 
these sums to obtain columns 35 and 36. 

Schedule P, Part 1 loss reserves are net of tabular discounts. No adjustment for tabular 
discounts is needed to reconcile the figures with the Underwdting and Investment Exhibit. 

Both tabular and non-tabular discounts are disclosed in Note 28 to the financial statements. 
For the tabular discounts, the note shows 

a. The table used; 
b. The discount rates; 
c. The amount of the discounted reserves; and 
d. The amount of the discount. 

The amount of the discount is subdivided by line of business and by type of reserve: case 
reserves vs bulk and IBNR reserves. 

Tabular discounts on known claims (case reserves) are easily determined. Given the required 
input data, such as the age, sex, and impairment status of the annuitant (the claimant), the 
weekly benefit, the discount rate, and the mortality table, the discounted reserve is determined 
by actuarial formula. 

Tabular discounts on IBNR reserves are more complex. The reserving actuary determines the 
expected number of permanent disability or fatal cases to emerge on existing business, the 
expected subdivision by sex, and the average age, impairment status, and weekly benefit 
amounts. These projections, together with the discount rate, the mortality table, and the 
actuarial formulas, give the discounted reserves. ~ 

The tabular discount shown in Note 28 should reconcile with the difference in loss reserves 
atthe statement date between (i) Schedule P, Part 1, loss plus LAE reserves but not including 
AAO reserves, and (ii) Schedule P, Part 2 minus Part 3. 

43 Workers' compensation IBNR for pension cases is not the emergence of unreported claims but the re- 
evaluation of temporary total claims or permanent partial claims into permanent total claims. 
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For non-tabular discounts, Note 28 to the financial statements shows 

a. The discount rates and their basis (i.e., their rationale); 
b. The amount of the discounted reserves; and 
c. The amount of the discount. 

The amount of the discount is subdivided by line of business and by type of reserve: case 
reserves vs bulk and IBN R reserves vs defense and cost containment expenses vs adjusting 
and other expenses. Non-tabular discounts may be applied to loss adjustment expenses; 
tabular discounts may not be applied to loss adjustment expenses. 

The non-tabular discounts in Note 28 should reconcile with the entries shown in Schedule P, 
Part 1, columns 35 and 36 for losses and loss adjustment expenses, respectively. 

INTERCOMPANY POOLING 

Column 34 shows the intercompany pooling participation percentage, if applicable. Member 
companies of an insurance group often redistribute premiums, losses, and loss adjustment 
expenses according to participation formulas. Column 34 shows the individual company's 
share of the group figures. 

Intercompany pooling agreements are used primarily for rating purposes. 

Illustration: A private passenger automobile insurer wishes to differentiate between high- 
risk, moderate risk, and low-risk drivers. It does not have a risk classification plan filed 
and approved in all jurisdictions that matches the judgment of its underwriters. The insurer 
sets up three affiliated legal entities, Companies X, Y, and Z, to write substandard, 
standard, and preferred risks at rates appropriate for each type of driver. 

A single management team runs all three legal entities, and they desire a single set of 
underwriting results for the corporate group as a whole. Each legal entity cedes all its 
business to the lead company, which then retrocedes a percentage of the pooled business 
back to each legal entity. 

For Schedule F and for other parts of the Annual Statement, each legal entity's percentage 
of the pooled business is assumed business, not direct business. The cessions to the lead 
company appear as ceded reinsurance in Schedule F, Part 3, and the assumptions of a 
percentage of the pooled business appear as assumed business in Schedule F, Part 1.44 

44 Schedule F explicitly differentiates between reinsurance transactions with affiliated companies and 
those with unaffiliated companies; see Feldblum [2002: SchF]. 
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For Schedule P, each legal entity's percentage of the pooled business is direct business, not 
assumed business. The intercompany pooling agreement does not create cessions or 
assumptions for Schedule P. To complete Schedule P, one constructs first a pooled 
schedule, and each legal entity takes its appropriate percentage of every entry. The 
"apprepriate" percentage is the percentage in the currentintercompany pooling agreement, 
not the percentage for the year in which the losses occurred; see the discussion below. 

The intercompany pooling agreement relates to underwriting revenues and expenditures: 
premiums, losses, loss adjustment expenses, and underwriting expenses. It does not affect 
assets, investment income, or surplus. Asset transactions may be handled by a single 
investment department, but the assets and investment income of each legal entity are kept 
distinct. 

The coding of cessions to unaffiliated reinsurers and assumptions from unaffiliated companies 
depends on whether the cessions or assumptions are classified as pooled business. 

Illustration: Intercompany Pooling 

The coding of intercompany pooling transactions varies with the circumstances. The 
illustration below shows the more common transactions. The prose documentation is followed 
by a table listing the entries. 

Illustration (Step I): Companies X, Y, and Z are affiliated members of an insurance fleet that 
writes private passenger automobile insurance. Companies X, Y, and X write substandard, 
standard, and preferred risks, respectively. For marketing purposes, most risks are classified 
as preferred. In 20XX, Companies X, Y, and Z write $10 million, $20 million, and $70 million 
of premium. 

By an intercompany pooling agreement, companies X and Z cede all their premium to 
company Y. Company Y is termed the "lead company." Company Y retrocedes 30% of the 
businesstoCompanyXand 20%of the businesstoCompanyZ. Forthe Schedule P entries, 
company X shows 30% of the pooled earned premiums and incurred losses as direct 
business, Company Y shows 50% of the pooled earned premiums and incurred losses as 
direct business, and Company Z shows 20% of the pooled earned premiums and incurred 
losses as direct business. To complete the individual company Schedule P's, we construct 
the pooled Schedule P and take percentages. 

Illustration (Step 2): We add three sets of transactions. 

• Before pooling, Company X reinsures its business under a 50% pro-rata treaty. 
• Before pooling, Company Z assumes $30 million of private passenger automobile 

premium from an unaffiliated insurer. 
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• After pooling but before retroceding business to Companies X and Z, Company Y has 
an excess of loss reinsurance treaty above a $100,000 retention with a 10% 
reinsurance rate on subject premium. 

i. The $5 million of ceded premium by Company X is ceded pooled premium, which is 
shared in the 30%, 50%, 20% percentages by the three companies. 

ii. The $30 million of assumed premium by Company Z is assumed pooled premium, which 
is shared in the 30%, 50%, 20% percentages bythe three companies. The total written 
premium by Company Z which is ceded to the pool is $70 million + $30 million = $100 
million, of which Companies X, Y, and Z get 30%, 50%, and 20%. 

iii. Ceded premiums under the excess of loss treaty by Company Y are ceded pooled 
premiums. The total pooled written premium is $5 million from Company X, $20 million 
from Company Y, and $100 million from Company Z, for a total of $125 million. Before 
pooling by the 30%, 50*, and 20% percentages, the excess of loss premiums and losses 
are removed. 

We add one additional step to this illustration, which slightly changes the figures. 

Illustration (Step 3): The intercompany pooling agreement does not include New Jersey 
business. 

• Company X writes $2 million of New Jersey written premium, of which it ceded $1 
million by its quota share treaty. 

• CompanyZ writes directly $3 million of New York written premium, and it assumes $1 
million of New Jersey written premium as part of the totals shown eadier. 

For Schedule P, 

i. Company X cedes only $8 million to the pool, half of which is then ceded pooled business. 
The remaining $2 million of New Jersey premium is direct business for company X, of 
which $1 million is ceded. 

ii. The $3 million + $1 million = $4 million of New Jersey written premium written directly or 
assumed by company Z is not pooled. 

Illustration (Step 4): Company Y's assets have been depleted by poor investments. After 
pooling, company Y cedes 20% of its resulting business for surplus relief. This transaction 
does not affect the Schedule P entries of companies X and Z. 
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The components of this illustration are shown in the chart below. Figures are in millions of 
dollars. 

Exhibit 1.5: Intercompany Pooling Agreement (Figures in Millions of Dollars) 

Affiliated Companies 

X Y Z Pooled 

Direct WP, rest of country (pooled) $8 $20 $67 

Direct WP, New Jersey (not pooled) $2 $0 $3 

Assumed WP, rest of country (pooled) $0 $0 $29 

Assumed WP, New Jersey (not pooled) $0 $0 $1 

Direct + assumed pooled WP $8 $20 $96 $124 

Ceded pooled WP $4 $0 $0 $4 

Net pooled WP, before excess of loss $4 $20 $96 $120 

Pool excess of loss cession to non-affiliates $12 

Net pooled WP, after excess of loss $108 

Pool retrocessions to affiliates $21.6 $54.0 $32.4 

Post-pooling cessions to non-affiliates $0 $10.8 $0 

WP affecting Schedule P $21.6 $43.2 $32.4 

POOLING RESTATEMENTS 

The Annual Statement Instructionssay, "The pooling percentage is to reflect the company's 
participation in the pool as of year-end." If an insurance group modifies the pooling 
arrangement, there may be an apparent change in the incurred or paid loss development 
because of the intercompany agreement, not because of changes in claims handling or 
reserving procedures. Therefore, "any retroactive change in pooling participation will require 
appropriate restatement of Schedule P." 

Illustration: A member company of an insurance group receives 40% of the pooled 
business in 20XX. In 20XX+I, its pooling participation percentage changes to 70%. 
Leaving the original 40% participation for 20XX may distort the loss development pattems: 
its loss payments and reserves were 40% of the group total in 20XX, but its payments and 
reserves were 70% of the total in 20XX+I. Its loss triangles would show jumps in both 
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payments and reserves between 20XX and 20XX+I. To facilitate the use of the loss 
development pattems, the company restates all past figures to a 70% participation 
percentage. 

If the pooling percentage changes, the individual company historical figures in the current 
Schedule P will not agree with the entries of previous years. Rather, for any accident year, 
the Schedule P entries divided by the pooling percentage in column 34 should reconcile 
with the Schedule P entries in previous years divided by the pooling percentage. ~ 

The need for loss triangles to forecast accurately future development argues for even more 
comprehensive restatements of past experience. 

I l lustration: An insurer incorporates a new subsidiary in 20XX and gives it 40% of its total 
business. Premiums and losses for this subsidiary were zero before 20XX, as the 
company did not yet exist. But if the parent company gets 100% of the business before 
20XX, but only 60% in 20XX and subsequent years, its loss development triangles will be 
distorted. According to Richard Roth, the subsidiary should be given 40% of the business 
for all years, even when it did not exist, and the parent company should be given 60% of 
the business for all years. 

Treaty commutations affect both the reported and the paid loss development pattems. The 
same logic would dictate that both the ceding and assuming carders restate their experience 
after a treaty commutation. Carriers commute individual claims in addition to whole treaties, 
such as lifetime pension claims in workers' compensation, long term disability claims in 
accident and health insurance, and structured settlements in other liability. The analyst 
completing Schedule Pis not always aware of these commutations, and restating past history 
is an onerous task. 

45 The text follows Richard Roth's explanations. Mr. Roth designed the current Schedule P, and he was 
chairman of the NAIC Casualty Actuarial (Technical) Task Force, so his interpretation was determinative, at 
least until his retirement in 2001. The Annual Statement Instructions themselves are ambiguous. 

• The Instructions say that any retroactive change in pooling participation will require appropriate restatement 
of Schedule P (emphasis added). According to Mr. Roth, any change in pooling participation requires 
restatement of Schedule P. 

• Schedule P provides separate column 34 entries (intercompany pooling participation percentage) for each 
accident year. According to Mr. Roth, the percentage for each accident year should be the current 
participation percentage. 

• If the pooling percentages change on a calendar year basis or a policy year basis (and include the 
development from past accident years), the accident year loss development patterns would be distorted. 
If the pooling percentages change on an accident year basis, the accident year loss development patterns 
would not necessarily be distorted. 
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In theory, when a commutation affects the loss development patterns, the effects should at 
least be disclosed in Question 7 of the Schedule P Interrogatories: In practice, a company 
may note that commutations have occurred, but it would rarely try to quantify the effects. 

Similar problems exist for primarycompanies when their reinsurers become insolvent. Loss 
reserves are shown net of reinsurance recoverables in the Schedule P historical triangles. If 
a reinsurer becomes insolvent, the ceded reserve drops to $0 and the net reserve increases. 
Even if the primary company had been aware of the potential insolvency, the loss reserves are 
net of the recoverable, and the provision for reinsurance separately adjusts the company's 
surplus for the expected uncollectible amounts (see Feldblum [2002: SchF]. When 
reinsurance recoverables are written off, disclosure in Schedule P Interrogatory Number 7 is 
appropriate. 

OCCURRENCE AND CLAIMS-MADE BUSINESS 

In 1993, the old claims-made business exhibit was removed from Schedule P, three lines of 
business were segmented into occurrence and claims-made portions, and the disclosure of 
extended loss and expense reserves was put into a Schedule P interrogatory. 
Occurrence policies provide coverage for accidents that occur during the policy period, 
regardless of when the claims are reported. Claims-made policies provide coverage for 
accidents that are reported during the policy period. Most claims-made policies limit 
coverage to accidents that occur subsequent to the "retroactive date," or the date that 
claims-made coverage was first issued to the policyholder. Claims-made coverage is used 
primarily for medical malpractice insurance, certain other professional liability insurance, and 
some products liability insurance. 4e 

Tail Coverage 

The coverage restrictions on claims-made policy forms can inhibit movement from one 
insurance company to another. 

,e Statutory accounting principles for claims-made policies is covered in SSAP Number 65, "Property and 
Casualty Contracts," paragraphs 4 through 9. 
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Illustration: A physician is covered during 20XX under a claims-made policy with one 
insurer. On January 1,20XX+I, the physician switches to a claims-made policy with a 
second insurer. The new claims-made policy has a retroactive date of 1/1/XX+1. 

The first insurer will not indemnify claims that are reported after the switch to the second 
insurer on 1/1/XX+l. The second insurer will not indemnify claims that occurred while the 
physician was covered by the first insurer since they occurred before the retroactive da 

To cover claims that occur during the claims-made period with the first insurer but are 
reported subsequent to its termination, the physician purchases tail coverage from the first 
insurer. The tail coverage covers claims that occur during the claims-made period but are 
reported after its termination. 

Extended Tail Coverage 

Tail coverage is also used if the physician leaves his or her practice and longer needs full 
insurance coverage. 

I/lustration:A physician leaves private practice to join an HMO. The HMO has medical 
malpractice coverage for its staff, and the physician no longer needs an individual policy. 
The physician may still need a tail policy to cover accidents that occurred before the 
physician joined the HMO. 

If a physician stops practicing because of retirement, disability, or death, he or she (or the 
estate) still needs tail coverage for late reported claims. Medical malpractice coverage is 
expensive, and its importance may not be appreciated when the physician stops working. 

To avoid burdening the retired or disabled physician (or the estate) with the heavy costs of tail 
coverage, some insurers spread this cost over the term of the claims-made coverage and 
provide free tail coverage in the event of retirement, disability, or death. 

Illustration: The cost of annual claims-made coverage for ace rtain physician is $10,000. 
The insurer may charge $12,000, and use the extra $2,000 a year to build up a reserve for 
free tail coverage in the event of retirement, disability, or death. This is not a loss reserve, 
since the insurance company does not yet have any liability for claims. It is not shown in 
the Schedule P exhibits. It is akin to life insurance policy reserves, or to an active life 
reserve in disability insurance. 47 It is shown on the insurer's balance sheet as a write-in 

47 See SSAP #65, =Property and Casualty Contracts," paragraph 8: "Some claims made policies provide 
extended reporting coverage at no additional charge in the event of death, disability, or retirement of a natural 
person insured. In such instance, a policy reserve is required to assure that premiums are not earned 
prematurely. The amount of the reserve should be adequate to pay for all future claims arising from these 
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line on page 3, but there is no exhibit in the property-casualty Annual Statement that 
discloses it. Instead, the extended loss and expense reserves by accident year and by line 
of business (for medical malpractice, other liability, and products liability) are shown in the 
first Schedule P interrogatory. 

RBC Underwriting Risk Charges 

The separate occurrence and claims-made exhibits for medical malpractice, other liability, 
and products liability stem from the risk-based capital underwriting risk charges. The 
paragraphs below provide a brief summary; see Feldblum [1996: RBC] for further explanation. 

The reserving risk and written premium risk charges in the risk-based capital formula are 
determined from Schedule P information. Reserving risk is the riskthat unanticipated events 
may increase the company's obligations for past claims above the amounts expected at the 
statement date. 

I l lustrat ion: A company has $100 million of medical malpractice loss reserves. In a'~vorst 
case" adverse scenario, as defined by the NAIC's risk-based capital formula, the reserves 
may develop adversely by 56.5% to $156.5 million. The present value of medical 
malpractice loss reserves is 80.8% of the undiscounted value in the RBC formula. The 
company needs $156.5 million x 80.8% = $126.5 million of assets to guard against 
unanticipated adverse development. 

The adverse loss development may result from two causes: (a) the emergence of late reported 
claims, or pure IBNR loss emergence, and (b) increases in the loss estimates for reported 
claims, or development on known claims. Claims-made business has no pure IBNR loss 
emergence. Some companies argued that claims-made business should show less adverse 
loss development, and it needs a smaller reserving risk charge. 

TO quantify the difference in adverse loss development between occurrence and claims-made 
business, the NAIC segmented the Schedule P exhibits for three lines of business into 
occurrence and claims-made portions in 1993. These three l ines-  medical malpractice, 
other liability, and products liability- include almost all the claims-made business written in 
the property-casualty insurance industry. 

coverage features, after recognition of future premiums to be paid by current insureds for these benefits. The 
reserve, entitled 'extended reporting endorsement policy reserve' shall be classified as a component part of the 
uneamed premium reserve considered to run more than one year from the date of the policy." Before this rule 
became effective (in 2001), the extended loss and expense reserves could be placed in either the loss reserves 
or the unearned premium reserves, at the option of the company. 
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Post Codification Tail Coverage Accounting 

Tail coverage converts claims-made coverage into occurrence coverage. Like occurrence 
policies, it covers losses which occur during a certain period, regardless of when they are 
reported. Tail coverage is appended to claims-made policies, but it is included with the 
Schedule P occurrence exhibits, not the claims-made exhibits. 

Post-codification statutory accounting for tail coverage on claims-made policies depends on 
the duration of the tail period. 

If the tail has an indefinite term, the full premium is earned on the date the policy is issued and 
a bulk loss reserve is established for the estimated future losses. There is no unearned 
premium reserve, and all reserves are shown in Schedule P. 

If the tail has a definite (limited) term, the premium is earned over the term of the tail coverage. 
An unearned premium reserve is established on the effective date of the policy, and it is 
amortized over the term of the coverage. Case loss reserves are established as the losses 
are reported. Bulk loss reserves are needed for adverse development on known case 
reserves, not for the emergence of IBNR claims. The only reserves shown in Schedule P are 
those for known cases. 

Illustration: A physician with medical malpractice coverage under a claims-made policy 
switches from Insurer A to Insurer B on January 1,20XX. To cover potential liability for 
claims occurring before January 1,20XX, but reported on or after January 1,20XX, the 
physician purchases tail coverage from Insurer A on December 31,20XX-1 fora premium 
of $15,000. 

If the tail policy has an unlimited duration (an "indefinite term"), the earned premium on 
December 31, 20XX-1 is $15,000. A bulk reserve is established on December 31, 
20XX-1, for the expected future claims, which may be more or less than $15,000. '~ The 
bulk reserve is shown in Schedule P for accident year 20XX-I .  

If the tail policy has a three year term (a"definite term"), the written premium on Decembel 
31,20XX, is $15,000, the unearned premium reserve is $15,000, and the earned premium 
is $0. The unearned premium reserve is amortized over three years, either ratably over the 
)olicy term ($5r000 each year) or in proportion to the expected protection. If the insurer 

48 Since the average medical malpractice loss may be paid several years in the future, the present value 
of the losses may be 50% or less of the nominal value. If the discount factor is 50°/=, the $15,000 premium may 
cover $25,000 of undiscounted losses plus $2,500 of underwriting expenses and profit. A premium of $15,000 
coupled with a loss reserve of $25,000 may indicate a long tail, not under-pricing. 
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expects the claims over the three years to be reportedin a 7:5:3 proportion, the amortization [ 
schedule may be $7~000 n 20XX t $5~000 in 20XX+l ~ and $3r000 in 20XX+2. J 

As claims are reported, case loss reserves are established. There is no bulk reserve for IBNR 
claims that are expected to be reported during the three year period, since these claims are 
covered bythe unearned premium reserve. Ifthe insurer believes that the unearned premium 
reserve for the block of business is inadequate, a premium deficiency reserve is established; 
no bulk reserve is used.49 Bulk reserves are needed only for adverse development on known 
claims. 

Under post codification statutory accounting rules, tail coverage with an indefinite term is like 
occurrence coverage, and tail coverage with a definite term is like claims-made coverage. 
In theory, tail coverage with an indefinite term should be reported on the occurrence exhibits, 
and tail coverage with a definite term should be reported on the claims-made exhibits. Tail 
coverage with a three year term is like a three year claims-made policy. 

The Schedule P rules stipulate that all tail coverage is reported on the occurrence exhibits. 
The Schedule P rules pre-date the post codification accounting principles for claims-made 
coverage: the Schedule P rules were made in 1993, whereas the post codification statutory 
accounting rules for claims-made policies were not effective until 2001. 

Loss Date 

The caption of Part 1, column 1 says "years in which premiums were eamed and losses were 
incurred," and the captions in Parts 2 through 6 are similar. Part 7 uses policy year 
experience, so its caption is "Years in which policies were issued." There is no reference to 
"accident year" in the column captions, though we speak of Schedule P as an accident year 
schedule. The date when losses are incurred means the date the insurer incurs the obligation 
for the loss under the coverage provided by the contract. This date differs by type of policy: 

• For occurrence policies, this is the date that the loss occurs. 
• For claims-made policies, this is the date that the loss is reported to the insurer, s° 
• For tail coverage, this is the date that the policy is issued. 

49 See SSAP #65, "Property and Casualty Contracts," paragraph 9: '~w~/hen the anticipated losses, loss 
adjustment expenses, and maintenance costs anticipated to be reported during the extended reporting period 
exceed the recorded unearned premium reserve for a claims made policy, a premium deficiency reserve shall 
be recognized." 

5o See SSAP Number 55, "Unpaid Claims, Losses, and Loss Adjustment Expenses," paragraph 4: "For 
claims made type policies, the covered or insured event is the reporting to the entity of the incident that gives 
rise to a claim." 
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• For fidelity and surety, this is the date that the loss is discovered, sl 

Illustration: An accident covered by a medical malpractice policy occurs in 1993 and is 
reported in 1997. 

• If the physician had an occurrence policy in 1993, this loss is recorded in Schedule P as 
an accident year  1993 loss. 

• If the physician had claims-made coverage from 1993 through 1997, this loss is recorded 
in Schedule P as an accident year  1997 loss. 

• If the physician had claims-made coverage from 1993 through 1995, and then purchased 
tail coverage on December  31,1995, this loss is recorded in Schedule P as an accident 
year  1995 loss. 

EXCESS STATUTORY RESERVES 

Until the codif ication of statutory accounting in 2001, excess of statutory over  statement 
reserves were determined in Schedule P for certain long-tailed l ines of business whose 
reported experience in the most recent accident years seemed overly optimistic. The statutory 
reserves did not affect statutory income, taxable income, GAAP income, or GAAP equity. 

The excess of statutory over  statement reserves, known as the "Schedule P penalty," was 
el iminated in 2001. The formula used to calculate the excess of statutory over  s tatement  
reserves was not considered to be an accurate predictor of loss reserve adequacy. 
Cont inued use of this formula contravened the recognit ion principle of post-codif ication 
statutory accounting, which stipulates that liabilities be recognized when they are incurred. 

Instead, the adequacy of Schedule P reserves is monitored as follows. 

The Statement of Actuarial Opinion requires a qualif ied actuary to opine on the 
reasonableness of the company's  reserves. The report of the Appointed Actuary must 
reconcile the opinion with the entries in Schedule P, Part 1. 

sl A fidelity policy covers a firm for losses resulting from embezzlement by its employees. Common 
fidelity loss scenarios involve (i) company officers with check writing privileges, such as claims adjustors and 
procurement officers, who might embezzle funds by writing checks to friends or relatives or (ii) members of 
accounting or investment departments who might divert funds to their own accounts. The embezzlement may 
continue for many years before the employer becomes aware of it; much embezzlement is never discovered. 
If the occurrence of the theft were the date of accident, it would be time-consuming and perhaps impossible to 
ascertain whether the accidents were covered by a given policy. If the date of report were the date of accident, 
firms may delay reporting the embezzlement until they had purchased or upgraded their fidelity insurance 
coverage. Instead, the date of accident is the date of discovery, or the date that the embezzlement is assumed 
to have been discovered. 
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ii. The reserve adequacy tests performed with the historical loss triangles in Schedule P, 
Parts 2, 3, 4, and 5 provide actuarial tests of reserve adequacy. 

iii. Periodic financial examinations by the state insurance departments using more extensive 
data provide additional tests of reserve adequacy. 

The actuarial tests of reserve adequacy obviated the need for rote statutory formulas. 

STRUCTURED SETTLEMENTS 

Retroactive reinsurance does not affect the Schedule P entries, since it may be misused to 
implicitly discount reserves and circumvent statutory accounting reserving philosophy. 
Structured settlements are similar to retroactive reinsurance. However, structured settlements 
are used primarily for the benefit of claimants, not to implicitly discount the statutory reserves. 

Regulatory authorities and courts often encourage the use of structured settlements. Casualty 
insurance contracts indemnify policyholders for their liability under tort compensation systems. 
The policyholder may be liable for negligent operation of a motor vehicle or for negligent 
manufacture of a harmful product. 

Most casualty insurance damages are paid in lump sums. Damages received as 
compensation for accidents are exempt from federal income taxation, by specific exemption 
in the Internal Revenue Code. The subsequent investment income on the compensation 
received is subject to taxation just like any other investment income. 

If the lump sum award is used by the claimant to purchase a life annuity, a percentage of each 
life annuity payment is subject to federal income taxation. The percentage depends on the 
annuitant's life expectancy and the type of annuity. 

Illustration: A life annuity with benefits of $80,000 a year is purchased for a premium of 
$1,000,000. The annuitant has a life expectancy of 20 years. The expected nominal 
benefits are $1,600,000 in total, and the premium is % of this amount. For each benefit 
payment, a/a is subject to federal income taxation and % is exempt from taxation. 

Governments and courts are concemed that lump sum awards may not always be in the best 
interests of accident victims, particularly if the victim is not competent to manage the funds 
wisely. In a structured settlement, the insurance company pays the damages as an annuity, 
either a life annuity or as a combination of a life annuity, an annuity certain, or lump sum 
payments. 

If a structured settlement is propedy constructed, a//the benefits are exempt from federal 
income taxation. A properly constructed structured settlement has significant tax advantages 
over a lump sum payment. 
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Illustration: A young child is permanently disabled by a negligently constructed toy. To 
avoid potential mismanagement of a lump sum award by the victim or by the victim's 
guardians, the court awards damages of $5,000 a month ($60,000 a year) for the child's 
lifetime. The estimated total benefits are $3,000,000, given the child's age, sex, physical 
condition, and expected life. To fund the award, the casualty insurance company 
purchases a $5,000 per month life annuity from a life insurance company for $1,000,000. 
The casualty insurance company owns the life annuity, with the child as the measuring life. 

Statutory Accounting for Structured Settlements 

The statutory accounting for the structured settlement depends on the terms of the life annuity. 

Scenario A: The casualty insurance company designates itself as the payee of the life 
annuity, and it assigns the payments to the child. The casualty insurance company retains its 
liability to the child if the life insurance company that issues the annuity fails to pay benefits. 

A loss reserve of $3,000,000 is reported in Schedule P, and the $1,000,000 life annuity is a 
fixed-income financial asset shown on the balance sheet. As the benefits are paid, the 
Schedule P reserves are reduced by the nominal payments, and the reported value of the life 
annuity is amortized in accordance with its remaining value. ~ 

Illustration: A structured settlement is effected on December 31,20XX. The accounting 
entries for 20XX and 20XX+I are as follows. This illustration assumes that the value of 
the life annuity decreases by $20,000 during the first year, since the annuitant has a 
shorter remaining life expectancy. 

December 31, 20XX: 
Debit Credit 

Balance sheet: Case loss reserve: $3,000,000 
Income statement: Incurred loss: $3,000,000 
Balance sheet: Cash paid: $1,000,000 
Balance sheet: Life annuity: $1,000,000 

The case reserve on the balance sheet (a credit) balances the incurred loss on the income 
statement (a debit). The reduction in the cash asset on the balance sheet (a credit) balances 
the life annuity on the balance sheet (a debit). 

The value of the life annuity at each subsequent date is based on the illustrative policy values. 
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December 31, 20XX+ 1: 
Credit Debit 

Balance sheet: Loss reserve decrease: $60,000 
(Cash flow statement: Paid loss: $60,000 ) 
Balance sheet: Cash paid: $60,000 
Balance sheet: Cash received from annuity:S60,000 
Balance sheet: Life annuity reduction: $20,000 
Income statement: Miscellaneous income: $40,000 

The reduction in the loss reserve on the balance sheet, a debit, balances the reduct~n in value 
of the life annuity and the miscellaneous income, which are credits. The cash received from 
the annuity balances the cash paid to the claimant. The paid loss is neither a debit nor a 
credit. It is a cash flow statement entry, not a balance sheet or income statement entry. 

Scenario B: The claimant is the payee of the annuity, as well as the measuring life. The cost 
of the annuity is coded as a paid loss, and the original loss reserve is eliminated. The 
casualty insurance company has completed its obligations to the claimant by purchasing the 
annuity. The life insurance company that issued the annuity has the obligation to ensure timely 
and continued payments. The following are the accounting entries for the same structured 
settlement if the claimant is the payee. 

December 3 I, 20XX: 
Debit Credit 

Incurral of loss: 
Balance sheet: Case loss reserve: $3,000,000 
Income statement: Incurred loss: $3,000,000 

Structured settlement and purchase of annuity: 
Balance sheet: Cash paid: $1,000,000 

(Cash flow statement: Paid loss: $1,000,000 ) 
Income statement: Incurred loss: -$2,000,000 
Balance sheet: Case loss reserve: -$3,000,000 

Net of the two transactions: 
Balance sheet: Case loss reserve: 
Income statement: Incurred loss: 
Balance sheet: Cash paid: 

$1,000,000 
$0 

$1,000,000 

Subsequent payments from the life insurance company to the claimant do not affect the 
balance sheet or the income statement of the property-casualty insurance company. 

A structured setUement with the claimant as the payee causes a sharp decline in the ultimate 
incurred loss and an increase in the paid loss on the date of settlement or purchase. This 
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affects the observed development patterns in Schedule P, Parts 2, 3, and 4. Structured 
settlements should be noted in Schedule P, Interrogatory 7. 

COMMUTATIONS 

Commutations are the reverse of retroactive reinsurance. They have the opposite effect on 
Schedule P observed loss development as structured settlements have. 

In a commutation, the primary insurance company"buys back" a reserve that had been ceded 
to a reinsurance company. The reserve is generally for long term disability benefits or for 
workers' compensation indemnity losses. The primary company and the reinsurer may agree 
that the primary company can more efficiently handle the periodic loss payments to the 
claimant. 

Illustration: One of the claims ceded under a workers' compensation excess of loss 
reinsurance treaty is a lifetime pension claim with $1,000 weekly benefit payments. Ten 
years after the inception of the underwriting year, this is the only claim still outstanding. 

The remaining life expectancy of the injured worker is 20 years, and the undiscounted loss 
reserve is $1,040,000. The primary company commutes the claim by acceptinga payment 
of $400,000 from the reinsurer and relieving it of its liability. (The primary company buys the 
reserve by accepting cash; the reinsurer sells the reserve by paying cash. The reserve is a 
liability, the opposite of an asset.) 

The primary company shows the following accounting entries on the date of the commutation: 

Debit 
Commutation of reserve: 

Balance sheet: Case loss reserve: 
Income statement: Incurred loss: $640,000 
Balance sheet: Cash received: $400,000 

Credit 

$1,040,000 

There is an increase in the reported losses on the date of commutation, which distorts the 
Schedule P loss development pattern. Structured settlements should be disclosed in 
Schedule P, Interrogatory 7. In practice, a workers' compensation insurer which effects 
numerous commutations each year may not consider them sufficiently material for disclosure. 
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Auxiliary Exhibits 

SCHEDULE P TRIANGLES 

Schedule P provides several historical triangles for each line of business: three loss triangles, 
three claim count triangles, and two premium triangles. 

• Part 2 shows net incurred losses and defense and cost containment (DCC) expenses. 
• Part 3 shows net paid losses and DCC expenses. 
• Part 4 shows net bulk and IBNR reserves for losses and DCC expenses. 
• Part 5 shows direct and assumed claims closed with loss payment (section 1), claims 

outstanding (section 2), and claims reported (section 3). 
• Part 6 shows earned premiums by exposure year in two formats: direct and assumed 

(section 1) and ceded (section 2). 

Schedule P, Part 7 shows triangles of policy year premiums and losses and of reinsurance 
commissions. These triangles show transactions on loss sensitive business only. They are 
designed for the risk-based capital submission, not for monitoring reserve adequacy. 

Derived Triangles 

Other loss exhibits can be formed from these data. The incurred losses in Part 2 are the sum 
of paid losses, case reserves, and bulk reserves. A triangle of reported losses (also termed 
case incurred losses, or paid losses plus case reserves) can be formed as the Part 2 triangle 
minus the Part 4 triangle. A triangle of outstanding case reserves can be formed as the Part 
2 triangle minus the Part 4 triangle minus the Part 3 triangle. 

The other commonly used triangles for loss reserve adequacy monitoring are the following: 

• Net exposure year earned premium formed as the Part 6 direct plus assumed exposure 
year earned premium minus the Part 6 ceded exposure year earned premium. 

• Total direct plus assumed claims closed (both with payment and without payment) formed 
as Part 5 direct plus assumed reported claims minus Part 5 direct plus assumed 
outstanding claims. 

• Net loss ratios formed in one of two fashions: (a) Part 2 net incurred losses divided by Part 
1 net earned premium, or (b) Part 2 net incurred losses divided by net exposure year 
earned premium from Part 6. The net exposure year earned premium is the difference 
between the direct plus assumed premium and the ceded premium. 

Average severity triangles are also frequently used in loss reserve adequacy testing: 
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Exhibit 3.3: Completing the 20X9 Part 3)( "Prior" Line 

20X0 20X1 20X2 20X3 20X4 20X5 20X6 20X7 20X8 

Prior 0 180 280 355 405 440 490 515 535 

The 20X9 payment is the amount in Part 1X, columns 4 - 5 + 6 - 7 (= columns 11 - 8 + 9). 
For the prior row, this is $23,000 - $2,000 + $0, or $21,000. This figure is added to the 
cumulative payments through 20X8 in Part 3X to give the cumulative payments through 20X9, 
or $535,000 + $21,000 = $556,000. 

Loss Reserve Adequacy Testing - Prospective Valuation 

The primary purpose of Schedule P is to provide the data for prospective tests of loss reserve 
adequacy. The historical exhibits in Parts 2, 3, 4, 5, and 6 are designed to facilitate these 
tests. This paper describes the types of tests that may be applied, and it provides illustrations 
of the major ones. 

Schedule P is used by state regulators, tax examiners, rating agencies, financial analysts, and 
other analysts. This paper provides a complete explanation of the actuarial reserving methods, 
their strengths, and their potential pitfalls. 

FUNDAMENTAL PRINCIPLE OF RESERVE ESTIMATION 

The fundamental principle of actuarial loss reserve estimation techniques is that there are 
stable patterns of loss reporting or loss settlement, and that the observed historical experience 
is a valid predictor of future expected experience. These patterns may relate to dollar 
amounts of losses, number of claims, or to ratios of losses to claims, losses to other losses, 
or losses to premiums. For instance, a chain ladder paid loss development method assumes 
that the ratio of the paid losses at one evaluation date to the paid losses at the previous 
evaluation date is relatively stable from accident year to accident year. Observed ratios from 
past accident years are a valid predictor of expected ratios in future accident years. 

The insurance environment is always changing, and company claims practices change as 
well. The actuarial reserving techniques described here are designed not only to apply the 
observed histodcal patterns to future periods but also to modifythese patterns in accordance 
with known or anticipated changes in the insurance environment and company claims 
practices. 
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Homogeneity and Stability 

Actuarial reserving methods rely on certain assumptions which are not perfectly fulfilled by the 
Schedule P data: 

The stability of the patterns assumed in loss reserve projections varies with the homogeneity 
of the data. Claims of the same type (homogeneous data), such as indemnity benefits on 
workers' compensation lower back sprains, show more stable patterns. A mix of claims of 
varied types, such as all workers' compensation claims, may show less stable pattems. 

Heterogeneous data are most problematic when the mix of claim types changes. The private 
passenger automobile liability exhibits in Schedule P include jurisdictions with both tort liability 
compensation systems and no-fault compensation systems. When a state changes its 
compensation system, orwhen the company changes its mix of business by state, the stability 
of the reserving patterns is impaired. 

Similarly, the workers' compensation exhibits in Schedule P include numerous types of 
policies, such as first dollar coverage, retrospectively rated policies, and large dollar 
deductible policies, as well as numerous types of benefits and claims, ranging from 
physicians' fees for non-disabling injuries to lifetime indemnity payments for permanent total 
disabilities. When the types of policies issued or the types of benefits change, the stability of 
the reserving patterns is impaired. 

The Schedule P exhibits are a compromise between a simple, unrefined view of the 
company's total reserves and a refined analysis by homogeneous loss groupings. The analyst 
working with Schedule P should understand the uses to which the data can be put and the 
limitations on the reserve indications that are produced. 

Reserve estimation requires a good understanding of the external financial environment and 
of the company's claims handling practices. Changes in claim settlement rates, case reserve 
adequacy, or inflation must be incorporated into the reserve indications. 

Several methods of testing for changes in the company's claims handling practices can be 
used to make the reserve indications more accurate. Schedule P provides the data needed 
for some of these tests. Actuaries and regulators should understand the types of tests 
commonly used and the adjustments needed to improve the reserve indications. 

Schedule P, Part 3 is particularly useful for external evaluations of loss reserve adequacy, 
since it is not dependent upon company reserving policies. It is not affected by changes in the 
company's case reserve adequacy, about which regulators and outside analysts may have 
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little information. ~ It is most effective for lines of business where there are substantial loss 
payments in the first year or two and claim settlement rates are stable; examples are personal 
automobile liability and workers' compensation. It is less useful for lines with long lags in 
claims reporting and settlement, where the proportion of loss payments is small in the first year 
or two, and where claim settlement rates fluctuate widely; examples are products liability and 
non-proportional reinsurance. 

LOSS RESERVING TECHNIQUES 

Loss reserving techniques can be classified along several dimensions: 

1. EsUmates of dollars of loss vs separate estimates of claim frequency and claim severity; 
2. Paid amounts vs reported amounts; the amount may be either dollars of loss or the number 

of claims; 
3. Chain ladder techniques vs expected loss techniques; the techniques may be applied to 

both paid amounts and reported amounts and to both dollars of loss and the number of 
claims; and 

4. Estimation along rows (development techniques) vs estimation down columns (trend 
techniques). 

Some reserving methods use combinations of these techniques. 

1. The Brosius least squares approach uses a credibility weighted combination of a chain 
ladder estimate and an expected loss estimate. 

2. SomereservingmethodsesUmateclaimcountsbydovelopmenttechniquesandaverage 
claim severity by trend techniques. 

We explain the reserving techniques that can be done with Schedule P data, so that regulators 
and other analysts can make optimal use of the information provided. The exposition in this 
paper does not assume a prior knowledge of the actuarial methods described here, though 
practical reserving experience is helpful for making efficient use of these techniques. 

We begin with a paid loss development using dollars of loss; this is probably the most 
common method of evaluating the reserve adequacy of other companies when the available 
information is limited to Schedule P data. The intuition for this reserving technique is that the 
pattern of payments is stable from accident year to accident year. For instance, ifthe ultimate 

Changes in the company's case reserve adequacy can be estimated from a combined analysis of Parts 
2, 3, 4, and 5 of Schedule P, as discussed below in the text. These are estimates gleaned from reported data; 
they are not as valuable as discussions with claims department personnel that internal actuaries use. For a 
checklist of the types of information relevant to the reserving actuary, see the appendix to Berquist and 
Sherman, [1977]. 
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paid losses for an accident year are 250% of the losses paid through the first 12 months in 
the past, we assume the ratio of 250% holds true for future accident years as well. 

ACTUARIAL RESERVING PRINCIPLES 

The following principles undedie actuarial reserving methods: ss 

Use of all available data: We could base the loss development factors on mature years 
for which we know the ultimate loss payments. This was a common technique in the first 
half of the twentieth century, and it is still used for short-tailed health insurance reserves 
(see the calculation of claim completion ratios in Bluhm [2000], chapter 30). For long- 
tailed lines of business, mature years are old years, and the ratio of ultimate losses to 
losses paid within the first 12 months may have changed in the intervening time. By using 
only mature years, we ignore the most recent data, which generally provides the most 
relevant information. 

For the chain ladder development procedures, we use link ratios, or age-to-age factors. 
The link ratios compare figures at adjacent development ages, such as 12 months and 24 
months, or 24 months and 36 months. The 12 to 24 month paid loss link ratio is the 
cumulative accident year paid losses evaluated at 24 months of development divided by 
the cumulative paid losses at 12 months of development for the same accident year. The 
loss development factor from a given valuation date to ultimate is the cumulative product 
of the link ratios from that date to ultimate. The development factor from 12 months to 
ultimate is the cumulative product of the link ratios from 12 months to 24 months, from 24 
months to 36 months, from 36 months to 48 months, and so forth. 

2. Stabi/ity: A chain ladder loss development procedure can be implemented with 
incremental loss payments (or loss reportings) or with cumulative loss payments (or loss 
reportings). In later development pedods, the incremental figures are small, and the ratios 
of incremental figures are increasingly unstable. To provide greater stability, we use 
cumulative figures in all the chain ladder development procedures. 

3. Extrapolation and Smoothing: Loss reserve indications are most important for the long- 
tailed commercial casualty lines of business, such as workers' compensation, general 
liability, products liability, medical malpractice, and excess of loss reinsurance, and 
particularly for lines of business with high volatility in claim reporting and settlement 
practices. For these lines, claim settlement patterns extend well beyond ten years, which 
is the limit of the Schedule P loss triangles. 

See Feldblum [2002: SB] for a more complete presentation of the principles underlying actuarial 
reserving methods. 
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• Average paid loss severity formed as the Part 3 net paid losses divided by the Part 5 
direct plus assumed closed claims, either in total or closed with payment only. 

• Average reported claim severity formed as the net reported losses (Part 2 minus Part4 
triangles) divided by the Part 5 direct plus assumed reported claims. 

• Average outstanding case reserves formed as the net outstanding case reserves (Part 2 
minus Part 4 minus Part 3 triangles) divided by the Part 5 direct plus assumed outstanding 
claims. 

LOSS ADJUSTMENT EXPENSES 

Each loss triangle includes defense and cost containment expenses, but not adjusting and 
other expense. ~ The Underwriting and Investment Exhibit does not differentiate between 
these two types of loss adjustment expenses. Rather, the combined unpaid loss adjustment 
expenses are shown by line of business in the Underwriting and Investment Exhibit, Part 3A, 
page 11, column 9. The division between unpaid DCC and unpaid AAO loss adjustment 
expenses by line of business can also be found in the Insurance Expense Exhibit, columns 15 
and 17, in both Part 2 (net business) and Part 3 (gross business). 

Before 1998 the NAIC differenUated between allocated loss adjustment expenses (ALAE) and 
unallocated loss adjustment expenses (ULAE). In general, ALAE became DCC and ULAE 
became AAO. For some companies, the differences can be material. 

The adoption of the new expense classification in 1998 could be by calendar year or by 
accident year, at the company's option. 

• If calendar year adoption is used, the historical triangles contain allocated loss adjustment 
expenses for the pre-1998 calendar year columns and defense and cost containment 
expenses for the 1998 and subsequent calendar year columns. 

• If accident year adoption is used, the historical triangles contain allocated loss adjustment 
expenses for the pre-1998 accident year rows and defense and cost containment 
expenses for the 1998 and subsequent accident year rows. 

There is no simple way to obtain completely homogeneous loss triangles. 

Before 1989, the Schedule P historical triangles included all loss adjustment expenses. This format 
was criticized on the grounds that the statutory distribution of unallocated loss adjustment expenses (now 
adjusting and other expenses) to accident year is arbitrary and lessens the usefulness of the historical loss 
triangles; see Otteson [1967]. 
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Net vs Direct Experience 

The historical loss triangles show net experience. Historical triangles of direct plus assumed 
business can be formed by combining Annual Statements of successive years, using figures 
from Schedule P, Part 1. 

Illustration: In March 20XX+I one can compile historical development exhibits of direct 
plus assumed business from the 20XX and preceding years' Schedule P's, using direct 
plus assumed columns from Part 1. 

The claim count triangles in Part 5, as well as the claim count columns in Part 3, show direct 
plus assumed experience. Net claim counts are not shown in Schedule P. The Part 5 claim 
count triangles are shown only for eight lines of business. These are the nine lines for which 
claim counts are shown in Schedule P, Part 1 minus auto physical damage, which has only 
a two year exhibit. 

The exposure year earned premium triangles in Part 6 show direct plus assumed experience 
and ceded experience separately. Net experience is the difference between these triangles. 
For the rationale of showing separate direct plus assumed triangles and ceded triangles 
instead of net triangles, see the discussion of the Part 6 triangles below. 

Several other items are shown in the Schedule P auxiliary exhibits. Part 2 shows one and two 
year loss developments in columns 11 and 12. Part 3 shows the number of claims closed, 
with and without loss payments, for nine lines of business, in columns 11 and 12. 

The paid loss triangles in Part 3 are easier to compile than the loss triangles in Part 2. They 
are also less affected by changes in company claims department practices (such as changes 
in case reserve adequacy), and they are more likely to contain accurate figures. They are 
commonly used by actuaries to analyze reserve adequacy of peer companies and by 
regulators to analyze reserve adequacy of domestic companies. We begin the discussion 
with Part 3. 

Part 3 - Paid Losses 

Part 3 shows cumulative paid losses and DCC expenses by accident year and development 
date. The same accident years are shown as in Part 1 : ten years for the long-tailed (liability 
and assumed non-proportional reinsurance) lines of business, and two years for the 
short-tailed property lines. Ten years of data must be gathered for all lines of business, since 
they are all included in the ten year Part 3 Summary exhibit; see the discussion of Part 1 
above. 
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The paid loss figures for the current year's Part 3 exhibits can be derived from the Part 3 
exhibits of the prior year's Schedule P and Part 1 of the current year's Schedule P. 

• Historical data for individual accident years-- that is, all figures except those in the first 
row (prior years) and the right-most column (the currant valuation)-- are unchanged 
from those in the previous year's Part 3 exhibit. 

• The figures in the right-most column of the Part 3 exhibits are the current valuation. 
These entries should equal columns 4 -  5 + 6 -  7 (net paid losses plus net paid DCC 
expenses) in Part 1. This computation is equal to columns 11 - (8 - 9), or total paid 
loss and loss adjustment expenses minus paid AAO expenses. 

The prior years row must be handled separately, as explained below. 

THE "PRIOR" YEARS ROW 

The Part 3 "pdor years" entries can be obtained from the previous year's Annual Statement, 
after a suitable modification of the figures. The cell in the upper left hand comer of Schedule 
P, Part 3, which is the first calendar year column for the prior years row, always contains a 
zero entry. Some printed versions of the Annual Statement place "XXX" in this cell. 

Illustration: In the 2010 Annual Statement, the 2001 accident year row begins with loss 
payments in calendar year 2001. The prior years row, which includes accident years 2000 
and prior, begins with loss payments in calendar year 2002. The rationale for this format 
is that the prior years row shows the development on the year-end (December 31) 2001 
reserve. This development begins with payments in calendar year 2002. 

When computing the entries for the prior years row for the 20XX Annual Statement based on 
the entries in the 20XX-1 Annual Statement, one must take into account the different accident 
years included in the prior years row and the different starting date for the cumulative loss 
payments. 

The 20XX Schedule P, Part 3, prior years line shows the cumulative loss and DCC payments 
in calendar years 20XX-8 and subsequent for accident years 20XX-10 and prior. The 
20XX-1 Schedule P, Part 3, prior years line shows the cumulative loss and DCC payments 
in calendar years 20XX-9 and subsequent for accident years 20XX-11 and prior. In the 
20XX-1 Schedule P, the 20XX-10 accident year row shows the cumulative payments for that 
accident year starting in 20XX-10. We explain the calculations by means of an illustration. 

Illustration: Completing the Prior Years Row 

To complete the prior years row in the 20X9 Schedule P, we follow the steps outlined below. 
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• We take the prior years row and the 20X8-10 row from the 20X8 Schedule P, subtract 
from each figure in these two rows the cumulative paid losses and DCC through 20X0, 
and add the two rows. 

• We discard the cumulative paid losses and DCC through 20X0--1 (which is now negative), 
keep the next entry (a zero) as the first figure in the new prior line, and enter the remaining 
figures in the rest of the row. 

• For the last figure in the row, we add the calendar year 20X9 paid losses and DCC for 
accident years prior to 20X0 to the last cumulative total. The calendar year 20X9 paid 
losses and DCC for accident years prior to 20X0 are shown in the 20X9 Schedule P, Part 
1, column 11 minus column 9 plus column 8, prior row. 

Illustration: The 20X8 Schedule P, Part 3X contains the entries shown in Exhibit 3.1. Figures 
are in thousands of dollars. 

Exhibit 3.1:20X8 Schedule P, Part 3)(, First Two Rows 

X0-1 20X0 20X1 20X2 20X3 20X4 20X5 20X6 20X7 20X8 

Prior 0 220 350 400 425 450 460 470 475 480 

X0-1 375 600 650 700 750 775 800 840 860 875 

In the 20X9 Part lX  exhibit for this line of business, the prior years row shows $23 thousand 
in column 11 ("Total net paid"), $2 thousand in column 8 ("Adjusting and other payments, 
direct and assumed"), and $0 in column 9 ("Adjusting and other payments, ceded"). 

To complete the 20X9 Part 3X exhibit, the cumulative payments through 20X0 are subtracted 
from the first two rows in the 20X8 Part 3X exhibit. In the example, $220 thousand is 
subtracted from the 20X8 prior row and $600 thousand is subtracted from the second row 
(accident year 20X0-1 ) giving the following entries (Exhibit 3.2): 

Exhibit 3.2: Adjustments to the 20X8 Part 3X "Prior" Line 

XO-1 20XO 20Xl 20X2 20X3 20X4 20X5 20X6 20X7 20X8 

Prior -220 0 130 120 205 230 240 250 255 260 

XO-1 -225 0 50 100 150 175 200 240 260 275 

The two rows are summed, and the (calendar year) 20X0-1 column is dropped, as shown in 
Exhibit 7: 
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Actuarial Averages 

We determine averages of the most recent three and the most recent five link ratios, and we 
select prospective factors from the historical figures and expectations about future conditions. 
In this illustration, the selected link ratios lie between the three and five year averages. 

The method of taking averages differs among reserving actuaries. The following methods are 
the most common: 

1. Straight averages (equal weighted averages). 
2. Straight averages after eliminating the high and low values (an "ex-high-low" average). 
3. Weighted averages, where the weights are the paid losses in the earlier of the two 

valuations. This is equivalent to using the sum of the dollar amounts at the later valuation 
divided by the sum of the dollar amounts at the earlier valuation. 

4. Weighted averages, where the weights increase from the older accident years to the more 
recent accident years. 

There are two distinct rationales for using weighted averages. 

Rationale I: The rationale for using weighted averages where the weights are the paid 
losses in the earlier of the two valuations is that years with more exposure should be given 
greater credibility. 

• When changes in volume stem from monetary inflation, the simple averages are proper. 
• When the changes in volume stem from changes in exposure, the weighted averages are 

proper. 

The former reason for changes in volume (that is, monetary inflation) is more common, so 
generally simple average should be used. 

Rationale 2: When more recent experience is a better predictor of future expected link ratios, 
weighted averages should be used, where the weights increase from the older accident years 
to the more recent accident years. The optimal weights can be determined using statistical 
techniques; see Mahler [1990; 1997]. 

The elimination of high and low values has both advantages and drawbacks. 

An ex-high-low average may be useful when the data are sparse and random loss 
fluctuations lead to unreasonable expected link ratios. In addition, Schedule P data are 
not always "clean." Unusual link ratios may stem from incorrect coding of loss amounts, 
not from actual payment fluctuations. 
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The elimination of high and low values leaves out important information about potential 
fluctuations in reserve development. The use of ex-high-low averages makes it seem like 
future development is more stable than it truly is. 

A statistical bias may be introduced by using an ex-high-low average, and an existing bias 
may be corrected by an ex-high-low average. These biases are parUcularly important when 
the data are sparse or when the loss distribution is skewed. 

The distribution of paid loss link ratios is skewed, since a large court award may result in an 
unusually high link ratio but the link ratios generally do not fall below unity. 59 An ex-high-low 
average el iminates the very high link ratios, but it has little effect on the low link ratios. This 
may create a bias in the projected link ratios, since the high observations are removed. 

The preceding paragraph seems to imply that the removal of high and low link ratios may 
create a bias. The converse may also be true, since the chain ladder method is inherently 
biased, and the removal of high and low link ratios may partially offset that bias. See Stanard 
[1985] and Wu [1999] for discussion of the bias in the chain ladder reserving method. 

s9 Recoveries from reinsurance, salvage, and subrogation sometimes cause link ratios below unity. If all 
figures are properly coded net of recoveries, whether from reinsurance, salvage, or subrogation, and if actual 
recoveries equal expected recoveries, the net paid loss link ratios should be equal to or greater than unity. If 
actual recoveries are greater than expected, or if the figures are not coded net of anticipated recoveries, the net 
net paid loss link ratios may be less than unity. 
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Exhibit 3.6: Paid Loss Development Test of Reserve Adequacy (dollars in thousands) 

l t o 2  2 to3 3 to4 4to5 5to6 6to7 7to8 8to9 9-10 

Averages 

3 year 

5 year 

Select 

2.415 1.352 1.171 1.102 1.060 1.044 1.033 

2.322 1.335 1.162 1.094 1.059 

2.350 1.340 1.170 1.100 1.060 1.040 1.030 1.030 1.020 

Cumulative 4.835 2.057 1.535 1.312 1.193 1.125 1.082 1.051 1.020 

Pd to Date $156 $406 $485 $546 $542 $534 $434 $403 $454 

Developed $754 $835 $746 $716 $647 $601 $470 $423 $463 

Ultimate $830 $919 $819 $788 $711 $661  $517 $466 $509 

Reserve - $674 $513 $334 $242 $169 $127 $83 $63 $55 

PAID LOSS DEVELOPMENT FACTORS 

The cumulative link ratios, or paid loss development factors, are the cumulative products of 
the appropriate link ratios (age-to-age factors) in adjacent columns. For instance, the 
cumulative link ratio from seven to ten years, or 1.082, is the product of 1.030, 1.030, and 
1.020, which are the link ratios from seven to eight, eight to nine, and nine to ten years. 

The cumulative losses paid to date are taken from the last column of Exhibit 3.4:$156,000 is 
the cumulative accident year 20X9 paid losses at December 31, 20X9, $406,000 is the 
cumulative accident year 20X8 paid losses at December 31,20X9, and so forth. The 20X9 
paid losses are at one year of maturity; they are placed below the development factor for one 
to ten years. Similar placement is used for paid losses of other accident years. The next row 
in Exhibit 3.6, "developed," shows losses developed to ten years of maturity. 

PAID LOSS DEVELOPMENT TAIL FACTORS 

In the long-tailed (commercial casualty and reinsurance) lines of business, payments continue 
after ten years. The percent of losses still unpaid after ten years may be estimated in several 
ways. We can use (i) data reported in Schedule P itself, (ii) external factors, or (iii) curve- 
fitting techniques. 

Schedule P Data 
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Schedule P data show paid losses at 10 years of maturity for the oldest accident year and the 
incurred losses at the same maturity in Part 2. If the bulk + IBNR reserves at ten years of 
development are fully adequate, the Part 2 cumulative incurred losses at ten years of 
development for the most mature accident year are a reasonable estimate of ultimate losses. 
The ratio of the paid losses to the incurred losses at that date may be used as the paid loss 
development tail factor from ten years to ultimate. 

Not all companies set fully adequate bulk + IBNR reserves at late development dates, since 
the statutory margin in undiscounted reserves for late-paying claims may offset the apparent 
reserve inadequacy. 8° In addition, unanticipated loss development may occur even at late 
maturities. Examination of the one-year and two-year development in the prior years row 
should help the analyst determine the statutory reserve adequacy at ten years of development. 

This estimate is sensitive to random loss fluctuations, since it uses one ratio to determine a 
development factor that affects all accident years. As an alternative, the analyst may 
decompose the paid loss tail factor into two parts: (i) the ratio of paid losses to reported 
losses at ten years of development and (ii) the ratio of reported losses to incurred losses at 
ten years of development. The first ratio can be determined from prospective chain ladder 
developments of paid losses and of reported losses. The second ratio may be estimated 
from the oldest accident year or the oldest two accident years shown in Schedule P. 

The one- and two-year adverse loss developments for the prior years row from the Part 2 
exhibits are helpful for selecting a reported loss tail factor. The one-year adverse loss 
development divided by the reported losses at ten years of maturity for the oldest accident 
year shown in Schedule P is sometimes used as an estimate of the reported loss tail factor 
from ten years to ultimate. A similar estimate is provided by one half of the two-year adverse 
loss development divided by the reported losses at ten years of maturity for the oldest 
accident year shown in Schedule P. This type of estimate was used by the NCCI for workers' 
compensation until the mid-1990's (see Feldblum [1992: WCR]). 

CAVEATS 

This estimate must be used with caution, since various circumstances may distort the 
expected patterns. 

~o The "statutory margin" is the difference between statutory reserves and fair value reserves. For most 
lines of business, the this is the difference between undiscounted and discounted reserves. For workers' 
compensation and long term disability insurance, this is the difference between reserves valued using tabular 
discounts only and reserves valued using both tabular and non-tabular discounts. 
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For the long-tailed lines of business, the analyst develops an actuarial model that reflects 
the reporting or settlement pattern of the losses. One may construct the model with 
Schedule P data themselves, or one may adopt the results of other models. The model 
provides estimates of the expected loss development beyond ten years. 

Analysts' views vary regarding the importance of tail effects on loss development. On the 
one hand, the choice of a tail factor affects all accident years, and it has a leveraged effect 
on the overall reserve indication. On the other hand, payments made many years in the 
future have a lower present value than payments made in the near future. 

Most reserving methods use standard techniques for (i) tail development factors, (ii) changes 
in loss cost inflation, and (iii) selection rules for link ratios. We show the most common 
procedures in the discussion below. 

Outline: Paid Loss Development 

The format of a paid loss development analysis is as follows. ~ Link ratios, or the ratios of 
cumulative paid losses at one valuation to cumulative paid losses at the preceding valuation, 
are calculated for each accident year and valuation date. A prospective link ratio for each 
development interval is selected from the historical observations, using averages, weighted 
averages, trends, or other projection techniques. 

No single procedure for determining prospective link ratios is appropriate for all lines and 
companies. One common approach is to use the average of the most recent three to five link 
ratios, adjusted for random outliers and known or suspected trends. Unusual results should 
be checked for data errors, and the final selected factors should be smoothed to form a 
consistent progression. The prospective link ratios show the expected development between 
adjoining valuation points. 

Development factors from each valuation point to 10 years of maturity are the cumulative 
products of the adjoining link ratios. For example, the development factor from six years to 
ten years is the product of the link ratios from (a) six to seven years, (b) seven to eight years, 
(c) eight to nine years, and (d) nine to ten years. 

At the current statement date, each accident year shows cumulative paid losses at a different 
development age. The product of these cumulative paid losses and the paid loss 
development factors from that development age to ultimate are the estimated ultimate losses 
by accident year. 

s6 Introductory treatments of paid loss development reserving procedures may be found in Salzmann 
[1984], Peterson [1981 ], pages 181-196, and Wiser [2001 : FCAS]. 
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The tail factor, or the loss development factor from the last observed development age to 
ultimate, is determined by statistical modeling techniques or by the adoption of external 
information. It is often shown separately in the worksheets, so that readers can see the 
method used to estimate it; see the exhibits below. 

Paid loss development procedures may be distorted by changes in inflation rates. The simple 
method illustrated below is standard actuarial practice. It is appropriate only when inflation 
rates have remained steady for the entire experience period, and they are expected to remain 
at the same level in the immediate future. 

A better procedure- nowcommonly used in the actuarial community- is to remove the effects 
of inflation from the historical loss triangles, perform the paid loss development analysis on 
"real dollar" amounts, and add back in expected future inflation. The expected future inflation 
may be either a deterministic rate or a set of stochastic interest rate paths, s7 

ILLUSTRATION: PAID LOSS DEVELOPMENT 

We illustrate this procedure with simulated data for a long-tailed line of business (workers' 
compensation). Exhibit 3.4 shows the Part 3D entries as they would appear in the 20X9 
Schedule P for accident years 20X0 through 20X9. s8 

57 For the treatment of inflation using a deterministic procedure, see Hodes, Feldblum, and Neghaiwi 
[1999]; for the treatment using a stochastic procedure, see Hodes, Feldblum, and Blumsohn [1999]. 

58 These data are based on actual Schedule P entries for a large commercial lines insurer that was 
acquired by a peer company in the mid-t 990's. The figures have been disguised, and the accident years have 
been changed. 
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Exhibit 3.4:20X9 Schedule P, Part 3D ($000) 

Part3 20XO 20X1 20X2 20X3 20X4 20X5 20X6 20X7 !20X8 20X9 

20XO 103 226 294 334 363 384 398 412 422 433 

20X 1 111 238 309 356 387 409 428 442 454 

20X2 108 221 286 328 354 375 i 391 403 

20X3 111 238 311 357 392 416 434 

20X4 135 299 394 458 504 534 

20X5 146 314 418 490 542 

20X6 159 343 463 546 

20X7 146 353 485 

20X8 152 406 

20X9 156 

Paid Loss Link Ratios 

Paid loss link ratios are the ratios of 

i cumulative paid losses for a specific accident year at a given valuation date to 
ii cumulative paid losses for the same accident year at a valuation date one year earlier. 

For instance, the paid loss link ratio from two years to three years of development for accident 
year 20X6 is $463,000 divided by $343,000, or 1.350. The complete set of link ratios is 
shown in the table below. 
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Exhibit 3.5:20X9 Schedule P, Paid Loss Link Ratios 

l t o 2  2 t o 3  3 t o 4  4 t o 5  

20X0 2.194 1.301 1.136 1.087 

20X1 2.144 1.298 1.152 1.087 

20X2 2.046 1.294 1.147 1.079 

20X3 2.153 1.301 1.148 1.098 

20X4 2.215 1.318 1.162 1.100 

20X5 2.151 1.331 1.172 1.105 

20X6 2.157 1.350 1.179 

20X7 2.418 1.374 

20X8 2.671 

5 t o 6  6 t o 7  

1.058 1.036 

1.057 1.046 

1.059 1.043 

1.061 1.043 

1.060 

7 t o 8  8 t o 9  9 - 1 0  

1.035 1.024 1.026 

1.033 1.027 

1.031 

The row labels are accident years; the column captions are development intervals. The 
caption "2 to 3" means from two years of development to three years of development. We 
have rotated the triangle, turning the diagonals in Exhibit 3.4 into the columns in Exhibit 3.5. 

i The second column in Exhibit 3.4 shows cumulative paid amounts on December31,20X1. 
ii The second column in Exhibit 3.5 shows paid loss development from 1 year after the 

inception of the accident year to 2 years after the inception of the accident year. 

Each column of Exhibit 3.5 is the ratio of two diagonals in Exhibit 3.4. The diagonals in 
Exhibit 3.4 represent development ages. The diagonals in Exhibit 3.5 represent calendar 
years. 

Illustration: The second column in Exhibit 3.5 shows paid loss development from 1 year 
to 2 years, or from 12 months to 24 months. (Reserving actuaries generally speak in 
months of development, not years of development.) The link ratio of 2.671 for accident 
year 20X8 is the ratio of 406 to 152. The link ratio of 2.418 for accident year 20X7 is the 
ratio of 353 to 146. 

No link ratio is calculated for the 20X9 accident year, since there is only one valuation. No link 
ratios are shown for the prior row, since the claims in this row stem from different accident 
years. For the prior years row, the time since inception of the accident year varies by claim. 

428 



not experienced any development past five years in the past, and it does not expect any 
development past five years in the future. 

The illustration gives enough data to determine three historical link ratios for each 
development period. We use the straight average of the three observed link ratios. 

The loss development factors are the backwards cumulative products of the link ratios. All link 
ratios past five years of development are unity, so the loss development factor from five years 
to ultimate is unity. 

Reserve Adequacy 

The indicated ultimate losses for each accident year equal the cumulative paid losses atthe 
valuationdatetimestheappropriatepaidlossdevelopmentfactortoultimate. For instance, 
accident year 20X9 has cumulative paid losses of $187,200 as of 12 months of development. 
We multiply by the loss development factor of 3.863 from 1 year to ultimate: $187,200 x 3.863 
= $723,200. 

For the four most recent accident years, the incurred losses shown in Part 2 are less than the 
indicated reserves from the paid loss development analysis. The table compares indicated 
ultimate losses to held ultimate losses. This is the same as comparing indicated reserves to 
held reserves, since the paid loss component of the two is the same. The total reserve 
deficiency is $270,000. 

Expected Loss Reserve Estimation 

Chain ladder paid loss development procedures require a credible base of paid losses in 
each accident year from which to estimate the future loss payments for that accident year. The 
chain ladder estimation procedure is less useful when most claims are not settled until several 
years after the occurrence date orwhen claim sizes are highly volatile. In these situations, the 
claims that have already been paid in the most recent accident years do not form a sufficiently 
credible base for estimation of future loss payments. 

An alternative set of reserve estimation procedures relies on expected losses instead of 
payments made to date. The conceptual difference between chain ladder and expected loss 
reserving procedures is explained in the illustration below. 82 

The expected loss reserving method was first introduced by Bornhuetter and Ferguson [1972]. 
Textbook summaries of this method may be found in Salzmann [1974], Wiser [2001], and Peterson [1981]. 
The conceptual differences between chain ladder method and expected loss methods are examined in Brosius 
[1993] and Feldblum [2002: SB]. 
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Illustration: The 20XX private passenger automobile earned premium is $100 million. The 
expected loss ratio for accident year 20XX is 80%, and 25% of the claim payments are 
expected to be made during the accident year. 

The paid loss development factor from 12 months to ultimate is 4.000, since ¼ of the claim 
payments are expected during the first 12 months and 3,~ are expected subsequently. 

Scenario A: In January 20XX+l, the company shows $20 million of claim payments in 
accident year 20XX. It is estimating reserves for its 20XX Schedule P, Part lB. 

• The chain ladder paid loss development procedure indicates that ultimate 20XX losses 
are $20 million x 4.000 = $80, million. The indicated reserve = $80 million - $20 million 
= $60 million. 

• The expected loss reserving method says that 75% of estimated ultimate losses will be 
paid after 12 months since inception of the accident year. Since the expected loss ratio 
is 80%, the indicated reserves are 75% x 80% x $100 million = $60 million. 

Since the claim payments to date equal the expected claim payments to date, the chain ladder 
and expected loss reserving methods provide the same reserve indication. 

Scenario B: In January 20XX+l, the company shows $25 million of claim payments in 
accident year 20XX. It is estimating reserves for its 20XX Schedule P, Part lB. 

• The chain ladder paid loss development procedure indicates that ultimate 20XX losses 
are $25 million x 4.000 = $100 million. The indicated reserve = $100 mil l ion- $25 million 
= $75 million. 

• The expected loss reserving method says that 75% of estimated ultimate losses will be 
paid after 12 months since inception of the accident year. Since the expected loss ratio 
is 80%, the indicated reserves are 75% x 80% x $100 million = $60 million. 

For the expected loss reserving method, we use the expected loss ratio when the book of 
business is priced, not the expected loss ratio at the reserve date. 

Illustration: The expected losses after the accident year has expired are $25 million + $60 I 
million = $85 million, and the expected loss ratio is 85%. For the expected loss reserving 
method r we use the original 80% expected loss ratio. 

The differing reserve indications reflect different perspectives on the higher than expected 
claim payments in the first 12 months since inception of the accident year. 

• The chain ladder method assumes that the higher claim payments in the first 12 months 
reflect higher expected losses in total. Just as the claim payments to date are 25% higher 
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than expected [25% = ($25 mill ion-$20 million)/$20 million], the ultimate incurred losses 
are 25% higher than originally expected [($100 mil l ion- $80 million)IS80 million = 25%]. 

The expected loss method assumes that the higher claim payments in the first 12 months 
reflect random loss fluctuations; they do not reflect higher total incurred losses. We 
continue with the original expected loss ratio to estimate future loss payments. 

The proper interpretation of the higher than expected claim payments in the first 12 months 
depends on the type of claim. 

• Workers' compensation indemnity benefits are paid weekly. Most of the payments in the 
first 12 months are partial payments, paid in accordance with statutory benefit schedules. 
Higher than expected partial payments are indicative of higher than expected incurred 
losses in total. 

• In contrast, medical malpractice claims are relatively independent of each other. Higher 
than expected claim payments in the first 12 months probably reflect a few unusual 
settlements, not necessarily higher than expected total incurred losses. = 

The expected loss reserving method requires an initial estimate of incurred losses for each 
accident year. The reserving actuary would normally use an expected loss ratio provided by 
the pricing actuary. 

ILLUSTRATION: EXPECTED LOSS RESERVING METHOD 

We develop reserve indications using the expected loss method for the workers' 
compensation illustration used eadier. The net workers' compensation eamed premium in 
Schedule P, Part 1D are shown below (figures are in millions of dollars). For 20X1 through 
20X5, the expected loss ratio for workers' compensation was 75%. In 20X6, marketplace 
competition worsened, and the expected loss ratio from 20X6 through 20X9 was 80%. 

Year Pmmium Year Pmmium Year Pmmium 
20X1 600 20X4 850 20X7 1000 
20X2 650 20X5 900 20X8 1100 
20X3 700 20X6 950 20X9 1100 

Data 

The chain ladder and expected loss reserving methods may be viewed as ideal cases: the chain ladder 
method gives full credibility to the observed experience as an estimator of the remaining loss payments, and 
the expected loss method gives no credibility to the observed experience as an estimator of the remaining loss 
payments. The Stanard-B0hlmann method and the least squares method give partial credibility to the observed 
experience; see below. 
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For lines of business with significant audits or retrospective premiums, the reserving actuary 
may use the net exposure year earned premium instead of the net calendar year earned 
premium. The net earned premium by exposure year equals Schedule P, Part 6D, section 1, 
column 11, minus Schedule P, Part 6D, section 2, column 11; see the discussion of Part 6 
below in this paper. 

The expected loss ratio by calendar year or by exposure year is not shown in the Annual 
Statement. The reserving actuary would use an estimate provided by the pricing actuary. 

Expected Loss Factors 

The expected loss factor at K months of development is the percentage of ultimate losses that 
will be paid between K months of development and ultimate. In the private passenger 
automobile illustration above, the expected loss factor at 12 months of development is 75%. 

The expected loss factors may be derived from the loss development factors. 

Illustration: The paid loss development factor from 24 months to ultimate is 2.500. This 
implies that for each dollar of loss paid up through 24 months of development, an 
additional $1.50 will be paid after 24 months. The expected loss factor is 
$1.50/($1.00+$1.50) = 60%. 

If LDF is the loss development factor from K months to ultimate, the expected loss factor at 
K months is (LDF-1)/LDF = 1 - 1/LDF. 

Exhibit 3.10 shows the loss development factors, the expected loss factors, and the indicated 
reserves for the workers' compensation illustration earlier in this paper. 
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Illustration: Through most of the 1990's, insurers believed that asbestos claim activity had 
subsided. A surge in asbestos claims in 1999 and 2000 caused enormous adverse loss 
development for the prior years row for some insurers. 

If the company has changed its mix of business or the type of policy forms over the ten year 
historical period, the estimated tail factor may not be appropriate for current conditions. 

Illustration: The company may have switched its workers' compensation business from 
first dollar policies (or retrospectively rated policies) to large dollar deductible policies. 
These policy types have different expected tail factors: they are much higher for large 
dollar deductible policies than for first dollar policies or retrospectively rated policies. 

Illustration: In the 1980's, companies switched from occurrence policies to claims-made 
policies in medical malpractice, and they added an absolute pollution exclusion in 
comprehensive general liability policies. Both these changes reduced the expected paid 
loss tail factor. 

External Factors 

The analyst may assume that the paid loss tail factor does not differ significantly by company 
at ten years of maturity. This may be a reasonable assumption for workers' compensation, 
where benefits are mandated bythe state compensation system and are not tied to the policy 
form. The analyst may use a paid loss tail factor determined from rating bureau industry data 
or from another company's data. The caveats mentioned above should be considered. 

Curve-Fitting 

The standard actuarial technique for selecting paid loss tail factors is to fit a curve to the 
observed paid loss link ratios and to extend the curve past the most mature development 
interval. The inverse power curve is often used for this purpose; see Sherman [1984] and 
Hodes, Feldblum, and Blumsohn [1999]. 

This is the method of choice for actuarial analyses. Two caveats for this method should be 
considered: 

• Two or more types of curves may provide a good fit to the observed data, but they may 
give different projections for the paid loss tail factor. 

• If claims which settle quickly differ significantly from claims which remain open at ten years 
of maturity, the curve fitting should begin after several years of development. 

Illustration: In workers' compensation, temporary total claims settle quickly, and they have 
little expected development at ten years of maturity. Most claims outstanding at ten years 
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of maturity are lifetime pension cases. The curve-fitting should begin at three or four years 
of maturi ty so as to el iminate the majori ty of temporary total claims. 

Ultimate Losses 

For the il lustration in this section, we use a paid loss tail factor of 1.10 from ten years to 
ult imate. We can think of this as deve lopment  continuing for nine more years in the fol lowing 
pattem: 

• another  two years of 1.020 link ratios 
• three years of 1.010 link ratios 
• four years of 0.005 link ratios 

The "ultimate" losses in Exhibit 3.6 are the developed losses increased by 10 percent. These 
may be compared with the final incurred losses shown in Part 2, column 10. (The ult imate 
reported losses are shown as the sum of the "paid to date" and the "reserves" rows in Exhibit 
3.6.) The ult imate paid losses total $6,221,000, and the incurred losses shown on Part 2 total 
$6,244,000. The Part 3 prospect ive test shows adequate reserves. 61 

ILLUSTRATION: PROSPECTIVE VALUATION 

We show a private passenger automobi le illustration that uses similar techniques. The 20X9 
Schedule P, Parts 2B and 3B, show the fol lowing data (figures in thousands of dollars). 

s~ In practice, reserve adequacytests often show large discrepancies between indicated reserves and held 
reserves, particularly for the long-tailed lines of business. Compared to other liability, products liability, medical 
malpractice, and non-proportional reinsurance, though, workers' compensation reserves are more stable, since 
the benefits are fixed by statute, both in magnitude and in timing. The major uncertainty in indemnity benefits 
is the duration of disability on non-permanent cases and the mortality rates on permanent cases. For 
sufficiently large blocks of business, both of these have relatively compact distributions. The major uncertainty 
for medical benefits is the rate of inflation and the extent of utilization of medical services. Over a large enough 
block of business, these risks also have relatively compact distributions. Butsic [1988, p. 179] summarizes 
this view by saying that "Workers' Compensation reserves should have a lower risk than Other Liability reserves, 
even though the average payment durations are about the same, because Workers' Compensation loss 
reserves consist partly of fixed, more predictable, life pension benefits." 
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Exhibit 3. 7: Extract from Part 2B - Private Passenger Automobile Liability: 
Incurred Losses & Defense and Cost Containment Ex/ enses Reported at Year-End 

'X4 'X5 

m 

Loss Year 

20XO 

20Xl  

20X2 

20X3 

20X4 

20X5 

20X6 

20X7 

20X8 

20X9 

20X6 20X7 20X8 20X9 

477.6 477.6 477.6 477.6 

490.8 500.8 490.8 490.8 

460.2 460.2 460.2 460.2 

476.0 470.4 470.4 470.4 

591.0 609.4 603.3 603,3 

579.7 627.0 691.8 650.4 

738.2 775.1 784.8 783.1 

- 584.0 601.1 599.4 

- - 608.0 631.4 

- - - 624.0 

Exhibit 3.8: Extract from Part 3B - Private Passenger Automobile Liability: 
Cumulative Paid Losses & Defense and Cost Containment Expenses at Year-End 

Loss Year 

20XO 

20Xl  

20X2 

20X3 

20X4 

20X5 

20X6 

20X7 

20X8 

20X9 

'X4 'X5 20X6 20X7 20X8 20X9 

477.6 477.6 477.6 477.6 

490.8 490.8 490.8 490.8 

460.2 460.2 460.2 460.2 

428.4 470,4 470.4 470.4 

472.8 548.4 603.3 603.3 

376.8 501.6 5 8 8 . 4  650.4 

206.7 465.1 627.9 728.4 

- 175.2 390.7 527.4 

- - 182.4 410.4 

- - - 187.2 
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Using the Schedule P data, we test the adequacy of the company's private passenger 
automobile liability loss and DCC reserves with a paid loss chain ladder analysis. 

Link Ratios 

We form paid loss link ratios for each development period. The diagonals of Schedule P have 
been converted into columns in the table below. 

Exhibit 3. 9: Private Passenger Automobile Liability: 
Paid Loss Link Ratios and Reserve Indications 

Loss Year 1 - 2  2 - 3  3 - 4  4 - 5  5 - 6  6 - 7  7 - 8  8 - 9  
years years years years years years years years 

20X0 . . . . . .  1.000 1.000 

20X1 . . . . .  1.000 1.000 1.000 

20X2 . . . .  1.000 1.000 1.000 - 

20X3 - - - 1.098 1.000 1.000 - - 

20X4 - - 1.160 1.100 1.000 - - - 

20X5 - 1.331 1.173 1.105 . . . .  

20X6 2.250 1.350 1.160 . . . . .  

20X7 2.230 1.350 . . . . . .  

20X8 2.250 . . . . . . .  

20X9 . . . . . . . .  

Average 2.243 1.344 1.164 1.101 1.000 1.000 1.000 1.000 

Cum LDF 3.863 1.722 1.282 1.101 1.000 1.000 1.000 1.000 

Cum Paid 187.2 410.4 527.4 728.4 650.4 603.3 470.4 460.2 

Indicated 723.2 706.7 676.1 801.9 650.4 603.3 470.4 460.2 

Held 624.0 631.4 599.4 783.1 650.4 603.3 470.4 460.2 

Adequacy -99.2 -75.3 -76.7 -18.8 0 0 0 0 

In practice, liability payment pattems extend for many years. This illustration is simplified, with 
no development past five years. The paid loss link ratio past five years are unity, and by the 
fifth year, all the cumulative paid loss figures equal the incurred loss figures. The company has 
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a. For accident year 20X9, $120 million of premium (30% x $400 million) has been 
processed so far, and $75 million of losses have been paid. 

b. For accident year 20X8, $187.5 million of premium (50% x $375 million) has been 
processed so far, and $185 million of losses have been paid. 

We do this for all ten accident years. The total processed premium is $2117.5 million. The 
total paid losses are $1700 million. The total premium that remains to be processed is 
$817.5 million. We form the equation 

$2117.5 million : $1700 million :: $817.5 million : X 

We solve for X, the total loss reserve, as X = $1700 x $817.5 + $2117.5 = $656.3 million. 
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WORKERS' COMPENSATION ILLUSTRATION: STANARD-BUHLMANN 

We apply the Stanard-B0hlmann reserving method to the workers' compensation illustration. 
The earned premiums are not necessarily at the same adequacy level for all accident years. 
We used different expected loss ratios for the Bomhuetter-Ferguson expected loss method 
in the previous section of this paper. For the Stanard-B0hlmann application, we assume that 
we have no information about the adequacy level of the earned premiums, so we use the 
unadjusted premium figures from Schedule P, Part 1D. 

Exhibit 3.13: Stanard-BOhlmann Method using Paid Losses (dollars in thousands) 

Months 

LDF to10 yrs 

LDF to ultimate 

Processing factor 

Premium 

Processed premium 

Unprocessed prem 

Losses paid to date 

12 24 36 48 60 72 84 96 108 

4.835 2,057 1.535 1.312 1.193 1.125 1.082 1.051 1.020 

5.319 2.263 1.689 t.443 1.312 1.238 1.190 1.156 1.122 

0.188 0.442 0.592 0.693 0.762 0.808 0.840 0.865 0.891 

$1100 $1100 $1000 $950 $900  $850  $700  $650  $600 

$207 $486  $592  $658  $686  $687  $588  $562  $535 

$893 $614  $408  $292  $214  $163  $112 $88 $65 

$156 $408  $485  $546  $542  $534  $434  $403  $454 i 

We form totals from the nine accident years. 

• The total processed premium is $5,001. 
• The total unprocessed premium is $3,960. 
• The total losses paid to date are $2,849. 

We solve for the losses to be paid in the future, or the reserve: 

$5,001 : $2,849 :: $3,960 : Reserve 
Reserve = $2,849 x $3,960/$5,001 = $2,256. 

For completing Schedule P, we must allocate the reserves to accident year. We assume that 
the ratio of unprocessed.premium to unpaid loss is constant from year to year. If the 
unprocessed premium for accident year "i" is UP, the reserve for accident year "i" is 
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Reservei = UP i x Reservetot= ] UPtota~ 

where UPt~j is the total unprocessed premium and Reservetot= is the total reserve. 

Illustration: In the example above, the total unprocessed premium is $3,960,000, and the 
total reserve $2,256,000. The unprocessed premium for accident year 20X9 is $893,000. 
The indicated reserve for accident year 20X9 is $893,000 x $2,256,000 / $3,960,000 = 
$508,739. 
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LEAST SQUARES RESERVING METHOD 

The least squares reserving method was developed by Dr J. Eric Brosius [1993] as a 
combination of the chain ladder reserving method and the expected loss reserving method. 
The least squares method uses linear regression to determine the optimal weighting of the 
chain ladder method and the expected loss method in each development period. 

• The chain ladder reserving method assumes that the ultimate losses in each accident 
year equal the cumulative paid losses in that accident year times the loss development 
factor. The reserves in that accident year equal the ultimate losses minus the 
cumulative paid losses, or reserves = cumulative paid losses x (LDF - 1 ). 

• The expected loss reserving method assumes that the reserves in any accident year 
equal the expected losses in that accident year times the expected loss factor. 

Each method is reasonable in certain circumstances. For long term disability insurance, the 
benefits remaining to be paid to disabled policyholders is best estimated as a percentage of 
the benefits already paid. For casualty excess of loss reinsurance treaties, the losses to be 
paid in the future have little relation to the losses already paid in that accident year. 

For most lines of business, some of the unpaid losses are better estimated as a function of 
the losses already paid and some of the unpaid losses are better estimated as a function of 
initial expected losses. 

Let LDFt 
XLFt 
Paidi,t 
x~ 
Unpdi,t 

= the loss development factor at development date "t" 
= the expected loss factor at development date '1" 
= the paid losses for accident year "i" at development date '1" 
= the expected losses for accident year "i" 
= the unpaid losses for accident year "i" at development date '1" 

• The chain ladder reserving method says that Unpd~,t = (LDFt - 1) x Paid~,t. 
• The expected loss reserving method says that Unpd,.t = XLFt x XL i. 

The least squares reserving method uses a weighted average of these two estimates. If the 
weight for the chain ladder reserving method is "w," the indicated reserve is 

Unpdi,t =(1 - w) x XLFt x XL + w x (LDFt - 1) x Paidi,t 
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Exhibit 3.10: Expected Loss Method using Paid Losses (dollars in millions) 

Months 12 24 36 48 60 72 84 96 108 

Premium 

Expected loss ratio 

Expected losses 

LDF to10 yrs 

LDF to ultimate 

Expected loss factor 

Loss reserve 

$1100 $1100 $1000 $950 $900  $850  $700  $650  $600 

80% 80% 80% 80°1o 80% 75% 75% 75% 75% 

$880 $880  $800  $760  $720  $638  $525  $488  $450 

4.835 2.057 1.535 1.312 1.193 1.125 1.082 1.051 1.020 

5.319 2.263 1.689 1.443 1.312 1.238 1.190 1.156 1.122 

0.812 0.558 0.408 0.307 0.238 0.192 0.160 0.135 0.109 

$715 $491 $326  $233  $171 $122 $84 $66 $49 

The top row shows the months of development. The dollar figures and percentages are 
for the accident year at that age of development on December 31,20X9. In the column 
marked "12," the LDF to ultimate is the loss development factor from 12 months to 
ultimate. The premium of $1,100 million is the premium for accident year 20X9, which is 
now at 12 months of development. 

The row labeled premium is the net earned premium in Schedule P, Part 1, column 3. If 
the premiums are subject to audits or retrospective adjustments, the analyst may use the 
exposure year net earned premiums from Schedule P, Part 6. For any exposure year, 
these are the cumulative direct earned premiums in Part 6, section 1 minus the cumulative 
ceded earned premiums in Part 6, section 2. 

The expected loss ratios are internal company estimates. The expected losses are the 
product of the earned premium and the expected loss ratio. 

The loss development factors to 10 years of development are taken from the chain ladder 
illustration above. The loss development factors to ultimate assume a tail factor of +10%: 
4.836 x 1.100 = 5.319. 

• The expected loss factor equals unity minus the reciprecal of the loss development factor: 
1-1/5.319 = 0,812. 

• The loss reserve equals the expected losses times the excess loss factor: $880,000 x 
0.812 = $715,000. 
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The total reserve for these ten accident years is $2,258,000. The chain ladder paid loss 
development method used earlier gave a reserve indication of $2,260,000. 

Expected loss reserving methods are frequently used either instead of chain ladder methods 
or as complements to chain ladder methods. These methods are equallyapplicable to paid 
losses or reported losses; see the discussion of reported loss reserve indications further 
below in this paper. The Stanard-BOhlmann reserving method and the least squares reserving 
method are expected loss reserving methods that are particularly useful for outside analysts. 

THE STANARD-BOHLMANN RESERVING PROCEDURE 

Outside analysts do not know the expected loss ratio. Even the in-house expected loss ratio 
may not be sufficient to estimate the expected losses. The earned premium times the 
expected loss ratio is a suitable estimate only when the indicated premium is also the 
premium charged. The estimate must be adjusted when the premium in the rate manual is not 
the pricing actuary's indicated premium. It must be further adjusted when underwriters provide 
schedule credits and debits, as is commonly done in the commercial lines of business. 

The Stanard-BOhlmann reserving method derives the expected losses from the historical 
experience. We explain first the intuition for this method by means of an illustration, and we 
then apply the method to the Schedule P workers' compensation data used above. 

Percentages Paid 

The Stanard-BOhlmann reserving method uses expected patterns of percentages paid at each 
development date. A paid loss development factor of LDF from "k" months to ultimate means 
that 1/LDF of total losses have been paid by the development date and (LDF-1)/LDF of total 
losses are expected to be paid subsequent to the development date. 

Illustration: The paid loss development factor from 12 months to ultimate is 5.000. The 
cumulative paid losses at 12 months of development is 1/5 = 20%. The percentage of 
losses expected to be paid after 12 months of development is (5-1)/5 = 80%. 

Fora Stanard-BOhlmann reserving method using reported losses instead of paid losses, we 
substitute reported losses for paid losses in all the computations. 

• A paid loss reserving method gives the total (case + bulk + IBNR) reserve indication. 
• A reported loss reserving method gives the bulk + IBNR reserve indication. 
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We show first the intuition for the Stanard-B0hlmann method, and we then apply the method 
to the workers' compensation illustration used in this paper. 64 

ILLUSTRATION" STANARD-BUHLMANN RESERVING METHOD 

We have determined the following percentages of losses that are paid by each development 
date from the inception of the accident year. 

Exhibit 3.11: Stanard-BOhlmann Loss Laqs 

Loss 
Lag 

Loss Percent 
Paid 

Percent 
Paid Lag 

30% 72 mos 

50% 84 mos 

65% 96 mos 

75% 108 mos 

80% 120 mos 

12 mos 85% 

24 mos 90% 

36 mos 94% 

48 mos 97% 

60 mos 99% 

At December 31,20X9, we have the following data on premiums and cumulative paid losses 
for the ten most recent accident years from Schedule P, Part 1. 

Exhibit 3.12: Adjusted Premiums and Paid Losses by Accident Year 

Adjusted Paid Adjusted Paid 
Year Premiums Losses Year Premiums Losses 

20X0 200 million 150 million 20X5 300 million 185 million 

20Xl 220 million 155 million 20X6 320 million 205 million 

20X2 240 million 200 million 20X7 340 million 155 million 

20X3 260 million 175 million 20X8 375 million 185 million 

20X4 280 million 215 million 20X9 400 million 75 million 

Complete documentation of the Stanard-B0hlmann reserving method may be found in Stanard and 
Feldblum [2002: SB]. The Stanard-B0hlmann Practitioner's Guide explains the rationale for the expected loss 
reserving methods, the needed adjustments to premium, and illustrations of the method in various scenarios. 
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Premiums and Losses 

In theory, the premiums should be adjusted for rate level changes and for loss cost trends so 
that the premiums are at the same level of adequacy for all accident years. If we have the 
needed information, we can make the appropriate adjustments. State regulators and outside 
analysts would not have the needed information, and even an in-house actuary might find the 
adjustments too difficult. We assume here that we lackthe information needed for adjusting 
the earned premium, so we use the raw data in Schedule P, Part 1 .~ 

To see the intuition for the Stanard-BOhlmann reserving method, consider year 20X9. The 
premium is $400 million. By 12 months from the inception of the accident year, 30% of the 
premium, or $120 million, has been processed into paid losses. The other 70% of the 
premium, or $280 million, has not yet been processed into paid losses. 

The word "processed" warrants explanation. The premium does not become paid losses. 
Rather, there is some relationship between the $400 million of premium and the ultimate paid 
losses. We don't know this relationship, since we don't know the expected loss ratio and we 
don't know the level of premium adequacy. We know only that at 12 months of development, 
30% of the losses should have been paid. The $120 million of "processed" premium has the 
same relationship to the losses that have already been paid as the other $280 million of 
premium has to the losses that are yet to be paid. 

The chain ladder reserving method uses the accident year information to determine the 
relationship. The $120 million of premium that has already been processed corresponds to 
$75 million of paid losses. This implies that 

$120 million : $75 million :: $280 million : X 
X = $75 million x $280 million / $120 million = $175 million. 

This method gives high credibility to the $75 million of paid losses in accident year 20X9. If 
losses are volatile, we don't want to give too much credence to the $75 million of losses that 
have been paid as of 12 months for accident year 20X9. 

Instead, we would like to combine the various accident years. For most purposes, we can not 
add dollars from two different years, since a dollar from year X is worth more than a dollar from 
year X+I when the inflation rate is positive. But here we are comparing premiums to losses. 
To add the figures from different years, we assume that the change in premiums from year to 
year is about the same as the change in expected losses from year to year. We combine the 
processed premium from each year, and we combine the paid losses from each year. 

For a complete review of the Stanard-BOhlmann reserving method, see Stanard and Feldblum [2002]. 
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We assume that the premium is at the same level of adequacy for each accident year - that 
is, the expected loss ratio is the same for all accident years. ~ We divide by the premium: 

Unpaid loss ratio~,t = ( I  - w) x XLFt x ELR + w x (LDFt - I )  x Paid Loss Ratio~.t 
Unpaid loss ratioj, t = G + B x Paid Loss Ratio~.t 

We use least squares regression analysis to estimate optimal value of a and 8. 

Illustration: Least Squares Reserving Method 

We show a simple illustration of the least squares reserving method, and we then apply the 
technique to the workers' compensation Schedule P exhibits used eadier. 

The eamed premiums and cumulative paid losses by accident year and development date are 
shown below. 

Exhibi t  3.14: Least  Squares Reserving Method 

Accident 

Year 

Earned Prem 

($ooo's) 

Paid Losses ($000's) 

12 mos. 24 mos. 36 mos. 48 mos. 

20X2 1,700 595 935 1,156 1,275 

20X3 1,900 760 950 1,140 1,330 

20X4 2,000 600 1,100 1,400 1,600 

20X5 2,200 1,100 1,320 1,430 

20X6 2,500 1,000 1,500 

1997 2,600 1,300 

We estimate the paid losses for accident year 20X5 at 48 months of development. 

We have three mature accident years, 20X2-20X4, having losses at both 36 months and 48 
months of development. Let"x" be the 36 month losses and "y" be the 48 month losses. We 
estimate y as a linear function of x: 

y = a + b x x  

This is the same assumption used for the Stanard-B(Jhlmann reserving method. If the premiums are 
not at the same adequacy level for all accident years, further adjustments would be necessary. See Stanard 
and Feldblum [2002: SB] for explanation of the premium adjustments. 
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We use least squared regression to estimate the parameters "a" and "b." 

The regression analysis is proper only if the units in which "x" and "y" are expressed are not 
changing over time. Monetary inflation causes the value of a dollar to change over time, so 
we can't use the dollar amount of losses in our regression equation. The 20X2 losses are in 
dollars that are worth less in real terms than the dollars of 20X3 losses. 

If the premiums are at the same level of adequacy in each accident year, the loss ratios are 
expected to remain the same overtime. We perform the regression on the loss ratios, not on 
the absolute dollars of loss. 67 

We redefine the variables: "x" is the reported loss ratio at 36 months and "y" is the reported 
loss ratio at 48 months. The reported loss ratios at 36 months and at 48 months for accident 
years 20X2 - 20X4 are shown below: 

Exhib~3.1~LeastSc 

Acc Yr x y 

20X2 68% 75% 

20X3 60% 70% 

20X4 70% 80% 

Average 66% 75% 

uaresEstimation 

(x - ~)2 (x-~)(y- 9) 

0.000400 0.000000 

.0.003600 0.003000 

0.001600 0.002000 

0,001867 0.001667 

For accident year 20X2, "x"= 1,156/1,700 = 68% and "y '=  1,275/1,700 = 75%. 

The minimum least squares parameters are 

y = a + bx ,  b = ~"  ( x  - x ) ( y  - y )  - ~--~, (x_ x)2 , a = y - b x  

Using the values in the table above, we get 

b = 0.001667 / 0.001867 = 89.29% 
a = 75% - 89.29% x 66% = 16.07% 

One often sees regression analyses spanning several years performed on nominal dollars. Such 
analyses are generally flawed; they would be improved by deflating the nominal dollars to a common base. 
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In accident year 20X5, the 36 month paid loss ratio is 65%. Using the values of "a" and "b" 
above, the 48 month paid loss ratio is estimated as 

16.07% + 89.29% x 65% = 74.11% 

Since the earned premium for accident year 20X5 is $2.2 million, the estimated paid losses 
at 48 months equal $2.2 million × 74.11% = $1.63 million. 

ILLUSTRATION: WORKERS' COMPENSATION DATA 

We apply the least squares reserving method to the workers' compensation Schedule P 
triangle. The linear regression requires a credible set of data points. Performing the linear 
regression on two or three mature accident years often generates constant terms that are less 
than zero or slope terms that are less than unity. To avoid these problems, we generate the 
paid losses at 120 months of development by the chain ladder reserving method for accident 
years 20XO through 20X4. We use the least squares reserving method to generate the paid 
losses at 120 months of development for the subsequent accident years. 

We estimate the paid losses at 120 months of development from the paid losses at an earlier 
maturity by the linear regression equation below: 

paid loss at 120 months = a + 13 x paid loss at earlier maturity 

I l lustration: For accident years 20XO through 20X4, we estimate the paid losses at 120 
months of maturity with the chain ladder reserving method. We then form the linear regression 

paid loss at 120 months = a + 13 x paid loss at 60 months 

We derive the values of a and 13 by a least squares linear regression analysis. Using the 
values of a and 13 together with the accident year 20X5 paid losses at 60 months of 
development, we derive the paid losses at 120 months for accident year 20X5. 

MONETARY INFLATION 

Monetary inflation changes the units in each accident year. Because the regression analysis 
is done over a period of years, the units in which a is expressed differ by year. For accident 
year 20XO, the units are 20XO dollars; for accident year 20X1, the units are 20X1 dollars. 
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To convert the dollar values in the different years into comparable figures, we divide the paid 
loss amounts by that year's eamed premium. If the premium figures are at the same 
adequacy level for each year, the loss ratios are in comparable units. = 

We use the earned premium figures from Schedule P, Part 1 to determine the loss ratios. The 
earned premiums, in thousands of dollars, are the same as the premiums used for the 
expected loss reserving method and the Stanard-BQhlmann reserving method. 

Exhibit 3.16: Earned Premium by Accident Year for Least Squares Reserving Method 

Accident 
Year 

Earned 
Premium 

Accident 
Year 

Eamed 
Premium 

20X0 $560 20X5 $900 

20X1 $600 20X6 $950 

20X2 20X7 $650 

$700 

$850 

20X3 20X8 

20X9 20X4 

$1,000 

$1,100 

$1,100 

We divide the paid losses by the eamed premiums to convert the cumulative paid loss triangle 
into a paid loss ratio triangle. 

This is the same assumption used for the Stanard-BOhlmann reserving method. A rigorous analysis 
would adjust the earned premiums for their expected adequacy levels; see Standard and Feldblum [2002]. 
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Exhibit 3.17:20X9 Schedule 
Pd LR 12 mo 24 mo 36 mo 48 mo 60 mo 

20XO 18.73 41.09 53.45 60.73 66.00 

20X1 18.50 39.67 51.50 59.33 64.50 

20X2 16.62 34.00 44.00 50.46 54.46 

20X3 15.86 34.14 44.43 51.00 56.00 

20X4 15.88 35.18 46.35 53.88 56.29 

20X5 16.22 34.89 46.44 54.44 60.22 

20X6 16.74 36.11 48.74 57.47 

20X7 14.60 35.30 48.50 

20X8 13.82 36.91 

20X9 14.18 

Part 3D Loss Ratios 
72 mo 84 mo 96 mo 

69.82 72.36 74.91 

68.17 71.33 73.67 

57.69 60.15 62.00 

59.43 62.00 

62.82 

108m 120m 

76.73 78.73 

75.67 

For accident years 20X1 through 20X4, we derive the value in the "120 months" column using 
the paid loss development factors. 

• For accident year 20X1, the paid loss development factor from 108 months to 120 months 
is 1.020, so the paid loss ratio at 120 months is 75.67% x 1.020 = 77.18%. 

• For accident year 20X2, the paid loss development factor from 96 months to 120 months 
is 1.051, so the paid loss ratio at 120 months is 62% x 1.051 = 65.14%. 

• Foraccidentyear2OX3, the paid loss development factor from 84 months to 120 months 
is 1.082, so the paid loss ratio at 120 months is 62% x 1.082 = 67.09%. 

• For accident year 20X4, the paid loss development factor from 72 months to 120 months 
is 1.125, so the paid loss ratio at 120 months is 62.82% x 1.125 = 70.70%. 

Using accident years 20XO through 20X4 as a starting point, we estimate the indicated 
reserves for accident years 20X5 through 20X9 with the least squares method. 

For accident years 20XO through 20X4, we estimate the least squares regression with the 60 
month cumulative paid loss as the independent variable and the 120 month cumulative paid 
loss as the dependent variable: 

paid loss at 120 months ("y") = (:x + 13 x paid loss at 60 months (=x") 

The observed values for accident years 20XO through 20X4 are shown below. 

Exhibit 3.18: Least Squares Reserving Method for Schedule P Illustration 
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Loss Ratio 60 Loss Ratio 120 
Year mos: =x" mos: "y" x 2 x * y 

20XO 0.66000 0.78730 0.00354025 0.00414239 

20X1 0.64500 0.77180 0.00198025 0.00240834 

20X2 0.54460 0.65140 0.00312481 0.00370505 

20X3 0.56000 0.67090 0.00164025 0.00189459 

20X4 0.59290 0.70700 0.00005776 0.00008117 

Average 0.60050 0.71768 0.00206866 0.00244631 

The minimum least squares parameters are 

(x-  x)(y- ~) 
y=a '+ /~ ,  ,6= ~ ( x _ x )  2 , or=y-fix 

Using the values in the table above, we get 

13 = 0.00244631 /0.00206866 = 1.18256 
a = 0.71768 - 0.60050 x 1.18256 = 0.00756 = 0.755% 

We derive the values of a and 13 by a least squares linear regression analysis. Using the 
values of ~ and 13 together with the accident year 20X5 paid loss ratio at 60 months of 
development, we derive the paid loss ratio at 120 months for accident year 20X5. 

• The paid loss ratio at 60 months of development is 60.22%. 
• The projected paid loss ratio at 120 months of development is 0.755% + 1.18256 x 

60.22% = 71.969%. 

We continue in this fashion for all accident years. We explain the sequence of calculations 
below, though we do not show the arithmetic for the remaining accident years. 

For accident year 20X6, we seek to project the paid loss ratio at 120 months of development 
from the paid loss ratio at 48 months of development. We use accident years 20X0 through 
20X5 to determine the linear relationship between these two paid loss ratios that minimizes 
the sum of squared errors, exactly as we did above for paid loss ratios at 60 months of 
developments and 120 months of development using accident years 20X0 through 20X4. 
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The new values of a and 13 are cx = 2.4512% and 13 = 1.261487. For accident year 20X6, the 
paid loss ratio at 48 months of development is 57.4737%. The projected paid loss ratio at 
120 months of development is 2.4512% + 57.4737% x 1.261487 = 74.95%. 

The table below shows the values of (:( and 13 for each accident year from 20X5 through 20X9, 
as well as the projected paid loss ratios for 120 months of development. 

Exhibit 3.19: Least Sc ,uares Reserving Method for Schedule P Illustration 

Paid Loss Cum Pd 
Accident 

Year 
Ratio at 
120 Mos 

Earned 
Premium Alpha (A) Beta (13) 

20X5 0.7504% 1 .182611  71.97% $900,000 $647,730 

20X6 2.4512% 1.261487 74.95% $950,000 $712,025 

20X7 6.7305% 1.369435 73.15% $1,000,000 $731,500 

20X8 15.6391% 1.562814 73.32% $1,100,000 $806,520 

20X9 53.1247% 1.184733 69.93% $1,100,000 $769,230 

Losses at 
120 Mos 

The calculated values of a are low for old accident years and high for recent accident years. 
This means that the expected loss method is appropriate for recent accident years and the 
chain ladder method is appropriate for older accident years. This conforms well to our 
intuition about reserving methods. For recent accident years, the cumulative paid losses to 
date are still sparse, and they provide only limited information about the projected ultimate 
losses. For older accident years, the cumulative paid losses to date are more credible, and 
we can use them to project ultimate losses. 

We multiply the paid loss ratios at 120 months of development by the earned premium in each 
year to get the cumulative paid losses at 120 months of development. The remaining steps 
in the least squares reserving method are the same as for other reserving methods discussed 
earlier. We multiply the cumulative paid losses at 120 months of development by a 120 
months to ultimate paid loss tail factor to get ultimate losses by accident year. These 
projected ultimate losses are compared with the reported losses by accident year to 
determine whether the reported loss reserves are adequate. 

Considerations for Reserve Adequacy Testing 

The Schedule P historical loss triangles are not always sufficiently homogeneous for accurate 
projections of reserve adequacy. Several illustrations are noted below, reflecting changes in 
the expected inflation rate, the insurance environment, state compensation systems, policy 
deductibles, policy exclusions, and company growth. 
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INFLATION ADJUSTMENTS 

The paid loss development pattems in the illustration combine true development with the 
effects of inflation. Inflation is implicit in each paid loss link ratio. We assume that future 
inflation will be the same as the inflation implicit in the projected link ratio. 

The effects of inflation on the loss payment pattem depends on the line of business. For 
workers' compensation, as for most lines, inflation affects medica/benefits through the 
payment date. If inflation rises between the accident date and the time that the medical 
services are provided, we expect the workers' compensation medical benefits to be higher. 

The effects of inflation on workers' compensation indemnity benefits depend on the state. In 
about half of the U.S. jurisdictions, indemnity payments that extend beyond two years have 
cost of living adjustments (COLA's), so inflation affects the indemnity reserves as well. 

If inflation is expected to be higher in future years than it was during the historical Schedule P 
experience period, the paid loss chain ladder reserve indication is understated. Conversely, 
If inflation is expected to be lower in future years than it was during the experience period, the 
reserve indication is overstated. 

These distortions are large even for small changes in the inflation rate. If the ave rage loss is 
paid 5 years after the accident date, a one percentage point change in the inflation rate 
causes a 5 percentage point change in the combined ratio. 

After the first two or three years, the workers' compensation reserves are dominated by 
lifetime pension cases, which take many years to settle. The average time to settlement of 
workers' compensation reserves is eight years. A one percentage point change in the future 
inflation rate causes a 8% change in the reserve indication. 

CORRECTING FOR INFLATION BIAS 

The following steps correct for the inflation bias in the reserve indication: 

1. Select an appropriate inflation index for the line of business. For workers' compensation, 
we might use the medical CPI for medical benefits and wage inflation for indemnity 
benefits. 69 We assume that medical benefits are 100% sensitive to inflation, and 
indemnity benefits are 50% sensitive to inflation. Workers' compensation benefits are 
split relatively evenly between indemnity and medical benefits. Since medical benefits are 

89 Masterson [1968; 1992] illustrates econometric correlations of insurance loss cost trends with various 
inflation indices. The National Council on Compensation Insurance continues his work at the present time. 
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paid (on average) sooner than indemnity benefits, the reserves are split about 70% 
indemnity and 30% medical. 7° 

2. Relate the workers' compensation benefit trends to the chosen index. The medical CPI 
shows changes in a fixed basket of goods. It does not incorporate the effects of 
increasing utilization of medical services, more complex medical procedures, and more 
expensive medical equipment. In general, workers' compensation medical benefit trends 
exceed the medical CPI by about four percentage points a year (see Feldblum [2002: 
wcr]). The overall workers' compensation benefit trend might be modeled as 

30% x (medical CPI + 4%) + 70% x wage inflation. 71 

3. From the cumulative Schedule P, Part 3 payment triangles, determine the corresponding 
incremental payment triangles by taking first differences between adjacent development 
periods. Detrend the incremental payments with the benefit trend index developed in the 
previous step to form a triangle of "real dollar" incremental payments. 

4. Determine the corresponding cumulative "real dollar" paid loss triangle from the 
incremental triangle. Perform the paid loss chain ladder analysis to select projected link 
ratios in "real dollar" terms. 

5. Fromexpectedfutureinf lat ionesUmatesmadebyoutsideeconomistsorbytheanalyst  
working with the Schedule P data, estimate future benefit trends. Combine the estimated 
future benefit trends with the real dollar link ratios to obtain the expected future nominal 
dollar link ratios. Use these adjusted link ratios to project reserve indications. 

There are numerous variations on this procedure. Financial engineers tend to use stochastic 
interest rate paths and inflation rate paths. For an illustration of a deterministic inflation 
adjustment to reserve indications, see Hodes, Feldblum, and Neghaiwi (1999). For an 
illustration of the stochastic inflation adjustment, see Hodes, Feldblum, and Blumsohn (1999). 

During periods of inflation rate stability, the chain ladder procedure shown earlier in this paper 
is sufficient. During periods of inflation rate volatility, the inflation adjustment described here 
is necessary to avoid large biases in the reserve indications. 

To Much of the medical costs are expended on temporary total cases and on "medical-only" cases, which 
are paid rapidly and may not even appear in the year-end reserves. In contrast, indemnity benefits may account 
for 90% or more of a long-term lifetime pension case, which remains in the reserves year after year. 

71 We are examining trend on a development period basis, so we make no adjustments for expected 
changes in the mix of business by classification. The trend examines changes in the cost per exposure, not 
changes in the type of exposures. In contrast, an accident year trend must also consider the effects of shifting 
mixes of business, such as the changes caused by shifts from a manufacturing to a service economy. 
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INSURANCE ENVIRONMENT 

During the past thirty years, workers' compensation medical costs have increased more 
rapidly than indemnity costs, rising from 30% of benefits in the 1960's to about 50% in 2000. 
High medical care inflation, increasing use of physicians' services, more sophisticated and 
expensive medical equipment, and the absence of any limit on medical benefits in the 
workers' compensation system contribute to this. In addition, increasing deductibles and 
coinsurance levels in group health insurance plans, along with more sophisticated cost 
containment efforts by health insurers, have led to cost-shifting to workers' compensation. 

Medical benefits are paid quickly, whereas indemnify benefits are paid as the income loss 
accrues; the paid loss link ratios are therefore higher for indemnify benefits. A rote Schedule 
P, Part 3 loss reserve adequacy projection uses link ratios developed from experience 
dominated by indemnify losses and applies them to experience with a higher percentage of 
medical losses, thereby distorting the results (see Woll [1981]). 

Offsetting this effect are the increasing trends in paid loss link ratios for both medical and 
indemnify benefits, probably stemming from lengthening durations of disability and perhaps 
increasing attorney involvement in workers' compensation claims (NCCI [1992]). The 
lengthening durations of disability are abetted by more liberal decisions on the compensability 
of stress claims and of occupational illnesses (Millus [1987]; [1988]). They may be seen both 
in average disability by type of injury and by the shift of claims from temporary disability to 
permanent partial disability (Gardner [1989]). These trends have stopped and perhaps even 
reversed in the 1990's, probably because of the system reforms enacted in many jurisdictions. 

The actuarial solution to these problems is to create more homogeneous data sets by dividing 
the workers' compensation experience (i) between medical and indemnify benefits and (ii) 
between long-term pension cases and other cases. Schedule P data do not show these splits. 

STATE COMPENSATION SYSTEMS 

Several jurisdictions, such as Massachusetts, New Jersey, and Pennsylvania, have revised 
their personal automobile no-fault compensation systems by increasing personal injury 
protection (PIP) benefits, modifying the tort threshold, or providing policyholde r options (Marter 
and Weisberg [1991]; Musick and Szczepanski [1992]). PIP and residual bodily injury (RBI), 
although combined in Schedule P, have different paid loss development patterns. A change 
in the mix of benefits may distort the estimates of reserve adequacy. 

Illustration: State X changes from a low monetary tort threshold to a strong verbal tort 
threshold. For a given amount of PIP benefits paid in the first year or two years since policy 
inception, we expect a greater volume of residual bodily injury (RBI) losses to appear at later 
maturities when the compensation system has a weak monetary threshold than when it has 
a strong verbal threshold. The paid loss link ratios should decline. A rote Schedule P, Part 
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3 lOSS reserve adequacy analysis may show a reserve deficiency even if none exists. 

DEDUCTIBLES 

In the 1990's, many insurers switched from first dollar workers' compensation policies and 
retrospectively rated policies to large dollar deductible (LDD) policies. With an LDD policy, 
the insurer handles all claims, but it assesses the employer (the insured) for the cost of 
benefits below the retention for each claim (see Feldblum [2002: wcr], Teng [1994], Brown and 
Schmitz [2000]). 

LDD policies decrease state premium taxes and residual market assessments, both of which 
are levied on direct wdtten premium in most states. TM They avoid "dollar trading" on small 
claims, which pose no financial risk to the insured, and they provide greater incentives to the 
insured to provide a safe workplace and adequate safety procedures. They allow the insured 
to keep the premium dollars until they are needed to pay claims, enhancing the cash flow of 
the insured. 

Similarly, many insurers use large dollar deductibles on general liability and commercial 
automobile policies, particularly when these lines are wdtten in combination with workers' 
compensation for a large account. 

Excess Development 

Loss development factors (if they are more than unity) increase for higher layers of loss (Pinto 
and Gogol [1987]), for several reasons: 

• If the loss amount before development exceeds the retenticn, all the development appears 
in the upper layer and none appears in the lower layer. 

• If the loss amount before development is below the retention but after development it 
exceeds the retention, the development below the retention is capped and the 
development above the retention is infinite. 

• In some lines of business, emergence of IBNR claims often involves large and complex 
claims. This occurs most often with latent disease claims, stress claims, and 
psychological injury claims (cf Feidblum [2002: wcr]). 

• The size-of-loss distribution changes as the claims mature, becoming increasingly skewed 
towards high cost claims (see Pinto and Gogol [1987]). 

72 Several large states are exceptions, notably New York, Massachusetts, and California. 
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I Illustration: We examine a set of workers' compensation claims that remain open for two 
rears or longer. We keep the illustration simple to highlight the effect of a retention. 

ihe payment per claim at 12 months is uniformly distributed between $10,000 and $60,000. 
The cumulative payments for each claim are twice as large at 24 months. The LDD 
deductible is $50,000 per claim. 

Total Development: The average size of a claim is $35,000 at 12 months and $70,000 at 
24 months. The loss development link ratio from 12 months to 24 months is 2.000. 

Excess Development: One fifth of the claims exceed the retention at 12 months ol 
development. For these claims, the average amount above the retention is $5,000. The 
average cost per claim to the LDD insurer is 1/5 x $5,000 = $1,000. 

At 24 months of development, the claims are uniformly distributed between $20,000 and 
$120,000. Claims between $50,000 and $120,000 has portions above the retention; these 
are 7/10 of the claims. Of the claims with portions above the retention, the average benefit 
paid by the insurer is $35,000, or Y2 x ($120,000- $50,000). The average cost per claim 
at 24 months of development is 7/10 x $35,000 = $24,500. The loss development link ratio 
from 12 months to 24 months is 24.500. 

The use of historical experience based on first dollar policies to project loss development for 
LDD policies may severely understate the required loss development factors. For 
recommendations on developing LDD blocks of business, see Siewert [1996]. 

POLICY EXCLUSIONS 

Insurance policy forms show two trends. 

e For common perils, policies have become broader, covering various additional hazards. 
For unusual perils that affect only a small number of insureds but that may cause expensive 
losses, insurers tend to exclude the coverage from the basic policy and to use special 
endorsements or policies. 

Illustration: Before 1986, the standard CGL (Commercial General Liability) policy form 
used a pollution exclusion known as exclusion"f," which excluded liabilities resulting from 
pollution except when it was "sudden and accidental." In the 1980's, after passage of the 
CERCLA Act of 1980 which put the costs of remediation of abandoned toxic waste sites 
on the companies which has deposited wastes there, exclusion'~' was termed ambiguous 
by several state courts and interpreted to mean all unintentional pollution. In 1986, insurers 
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replaced exclusion 'I = with an absolute pollution exclusion and covered the potential 
liabilities under separate environmental impairment policies. 

Illustration: Asbestos hazards were originally covered under standard products liability 
forms. Asbestos exposures have proved far more expensive than imagined; even in the 
year 2000, there have been hundreds of thousands of asbestos claims related to policies 
written 30 or more years earlier. By the 1970's, many insurers had eliminated coverage 
of asbestos hazards from their unendorsed products liability forms and cover the 
exposures under special asbestos policies. Similar trends may occur for exposures 
related to firearms, cigarettes, and pharmaceutical drugs (such as Prozac). 

Illustration: Terrorism losses were covered under most insurance policies before the 
World Trade Center losses of September 11,2001. Several reinsurers may exclude 
terrorism losses from their reinsurance treaties. Primary insurers may do the same, and 
they may cover the hazard under separate forms. Terrorism coverage is needed primarily 
by large accounts in major urban centers, just as hurricane coverage is needed by 
insureds in costal areas, flood insurance is needed in flood plains, and earthquake 
insurance is needed along earthquake fault lines. 

In each illustration above, the subsequent exclusion of coverage causes the historical 
experience to be extraordinary and unlikely to be repeated in the future. Users of Schedule 
P should examine the causes of high development in past years and check whether policy 
form changes lower the probability of these events occurring in the future. 

COMPANY GROWTH AND DECLINE 

If an insurer expands its wriUngs over the course of a year, more claims are incurred in the 
latter part of the year than in the earlier. Paid loss development factors are higher for accident 
years with later average loss occurrence dates. A change in the rate of business growth may 
distort the projection of reserve adequacy. 

Illustration: To avoid complex mathematics, we assume that claims are reported six 
months after occurrence of the accident and that case reserves are adequate. If the 
volume of business is steady over the course of the accident year, the reported loss 
development factor from 12 months since inception of the accident year to 24 months 
since inception of the accident year is 2.000. The rationale for this development factor is 
that claims which occur in the first six months of the accident year (half the claims) are 
reported by 12 months. Claims which occur in the latter six months of the accident year 
(the other half of the claims) are reported after 12 months but before 24 months. 

If the volume of business during the accident year increases linearly over time, starting at $0 
on January 1, one quarter of the claims occur in the first six months and three quarters of the 

457 



claims occur in the latter six months. ~ The reported loss development factor from 12 months 
to 24 months is 4.000, not 2.000. The user of Schedule P should examine the growth or 
decline of business over the historical period and adjust the loss development factors 
appropriately. 

In summary, Part 3 of Schedule P is the major publicly available document for estimating 
reserve adequacy. However, one must be aware of the potential distortions caused by the 
lack of data homogeneity and shifts in mix of benefits to properly evaluate the statistical 
indications. 

73 Suppose the rate of loss occurrence is $0 per year at inception of the accident year, $100,000 per year 
at 6 months, and $200,000 per year at 12 months. The average rate of loss occurrence during the first six 
months is 1,~ x ($0 + $100,000) = $50,000, and the average rate of loss occurrence during the last six months 
is 1/z x ($100,000 + $200,000) = $150,000. One quarter of the losses occur during the first six months and are 
reported by 12 months. Three quarters of the losses occur during the latter six months and are reported after 
12 months. 
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Part 2 - Incurred Losses 

Part 2 shows a triangle of net incurred losses and defense and cost containment expenses 
(DCC) by accident year and evaluation date. The Part 2 entries are the sum of paid amounts, 
case reserves, and bulk + IBNR reserves for both losses and DCC. Each entry in Part 2 
equals the corresponding entry in Part 3 plus the loss and DCC reserves at that date. 

Part 2 is designed as a retrospective test of loss reserve adequacy. If the insurer sets 
adequate reserves, the incurred losses for each accident year should show neither upward 
nor downward development. TM The NAIC uses the Part2 Summary exhibit for the loss reserve 
development tests in the Insurance Regulatory Information System (IRIS). 

IRIS Loss DEVELOPMENT TESTS 

For any accident year, column 10 of Part 2 shows incurred losses valued at the statement 
date, and column 9 shows the corresponding valuation one year eadier. If the insurer has 
reserved adequately, payments during the year are offset by a reduction of reserves, and there 
should be no change in incurred losses between valuation dates. Column 11 shows the latest 
year's change in incurred losses for each accident year except the most recent one (there is 
no "previous" valuation for the most recent accident year). Column 12 shows the change over 
the last two years in incurred losses for each accident year except the most recent two years. 

Illustration: Exhibit 2.1 below shows a Schedule P, Part 2 triangle for workers' compensation. 

• For accident year 20Xl, the one-year adverse loss development is $520,000- $521,000 
=-$1,000; the two-year adverse loss development is $520,000 - $500,000 = +$2,000. 

• Foraccidentyear20X6,theone-yearadverselossdevelopmentis$787,000-$786,000 
= +$1,000; the two-year adverse loss development is $787,000- $761,000 = +$26,000. 

The Part 2 Summary exhibit shows data for all lines of business combined. The one- and two- 
year adverse loss developments in the Summary exhibit are summed over all accident years 
(including the prior years row) and shown on row 12. 

IRIS Retrospective Tests 9 end 10 

r4 This generalization assumes that the reserves are not discounted. It is also true if any discounts on 
the statement reserves are disclosed, so that Schedule P, Part 2 shows the undiscounted amounts. The 
generalization is not correct if the reserves contain an implicit interest discount, since the unwinding of the 
discount, or the amortization of the discount, shows up as apparent adverse development. 
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IRIS Tests 9 and 10 compare the one and two year adverse development to policyholders' 
surplus at the inception date of the development. 

• IRIS Test 9 divides the one year reserve development from row 12 of the Summary 
exhibit by the policyholders' surplus at the end of the prior year. 

• IRIS Test 10 divides the two year reserve development bythe policyholders' surplus at 
the end of the second prior year. 

A ratio of 20% or greater on either test is an exceptional score. Four or more exceptional 
scores on IRIS tests serves as a warning of potential financial weakness and may trigger a 
financial examination. An exceptional score on any of the three loss reserve adequacy tests 
(IRIS tests 9, 10, and 11) must be commented upon in the Statement of Actuarial Opinion. 

The "Five Year Historical Data" exhibit of the Annual Statement, lines 68 through 72, shows 
the one and two year developments and the ratios for tests 9 and 10 for the five most recent 
Annual Statements. 

Exhibit2.1: One and Two Year Loss Develc pment 

One Year Loss Development 20XX 20XX-1 20XX-2 

Development in estimated losses and loss 
expense incurred prior to current year 

Percent of development of loss and loss 
expense incurred to policyholders' surplus of 
prior year end 

Two Year Loss Development 

Development in estimated losses and loss 
expense incurred two years before the current 
year and prior year 

Percent of development of loss and loss 
expense incurred to reported policyholders' 
surplus of second prior year end 

20xx-3 20xx-4 

IRIS Prospective Test 11 

IRISTest 11 isaprospecUvetestof reserve adequacy. It isa regulatorytest, notan actuarial 
test; it does not use the actuarial principles mentioned earlier. It is a simple formula that 
requires no independent judgment in selecting or smoothing factors. 

IRIS Test 11 compares the outstanding loss ratios of three years. The outstanding loss ratio 
is the ratio of outstanding losses and loss adjustment expenses at a given statement date to 
the earned premium in that statement year. IRIS Test 11 updates the outstanding loss ratios 
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from the past two years by means of the one- and two-year reserve developments, and 
compares these ratios with the current year's outstanding loss ratio. 

The losses and premiums in thisratio are not matched. 

• The numerator is unpaid loss and loss adjustment expenses for all accident years. 
• The denominator is eamed premium for the current calendar year. 

This mismatch constrains the usefulness of IRIS Test 11, since business volume growth or 
decline, changes in the mix of business between property and liability lines, and changes in 
the types of policies issued distort the "outstanding" loss ratio (Salzmann [1981], page 175). 

Unpaid losses and loss adjustment expenses are reported on page 3, "Liabilities, Surplus and 
Other Funds," lines 1,2, and 3. 

• Line 1 shows total net loss reserves. It includes reinsurance payable on unpaid losses 
for business assumed by the reporting company. It is reduced for reinsurance 
recoverables on unpaid losses for business ceded by the reporting company. 

• Line 2 shows reinsurance payable on paid losses for business assumed by the 
reporting company. 

• Line 3 shows reserves for unpaid loss adjustment expenses (both DCC and AAO). 
• Eamed premium is shown on page 4, "Underwriting and Investment Exhibit: Statement 

of Income," line 1, column 1. 

Illustration: The outstanding loss ratio for December 31,20XX equals the outstanding 
loss and loss adjustment expenses at December 31,20XX shown on page 3, lines 1 + 2 
+ 3, divided by the eamed premium for 20XX shown on page 4, column 1, line 1. 

TEST 11 OVERVIEW 

To test reserve adequacy in 20XX, IRIS Test 11 examines the outstanding loss ratios in 
20XX-1 and 20XX-2. An outstanding loss ratio in 20XX that is lower than the average of the 
outstanding loss ratios in the two preceding years may be a symptom of under-reserving. 

Illustration: The outstanding loss ratios in 20XX, 20XX+I, and 20XX+2 are 125%, 120%, 
and 105%. The 20XX+2 outstanding loss ratio of 105% is well below the average 122.5% 
outstanding loss ratio of the preceding two years. The company may be experiencing 
financial problems, and it may weakened its loss reserves. 

This simple computation may highlight instances of reserve weakening, but it does not 
uncover instances of persistently weak reserves. To correct this problem, the prior two years' 
outstanding loss ratios are adjusted for the one and two-year adverse loss development in the 
current year's Schedule P to determine restated outstanding loss ratios. 
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• The one year reserve development is added to the unpaid losses and loss adjustment 
expenses for the prioryear. This sum is divided bythe prior year's earned premium. The 
necessary figures are taken either from the "previous year" column in the currant Annual 
Statement, pages 3 and 4, or from the"current year" column in the previous year's Annual 
Statement. 

• The two year reserve development is added to the unpaid losses and loss adjustment 
expenses for the second prior year. This sum is divided by the second prior year's eamed 
premium. The necessary figuras are taken either from the "previous year" column in the 
previous year's Annual Statement, pages 3 and 4, or frem the "current year" column in the 
second prior year's Annual Statement. 

The average of these two restated outstanding loss ratios is multiplied by the currant year's 
earned premium (from page 4, column 1, line 1, of the current year's Annual Statement) to 
determine the indicated outstanding losses and loss adjustment expenses. This figure, minus 
the reported unpaid losses and loss adjustment expenses (from page 3, column 1, lines 
1+2+3), is the indicated reserve deficiency. A deficiency greater than 25 percent of 
policyholders' surplus (page 3, line 32, or page 4, line 20) indicates an exceptional score. 

Illustration: IRIS Test 11 

The 20X5 Schedule P, Part 2, Summary shows a one year adverse loss development of $3 
million and a two year adverse loss development of $4 million. The following data are taken 
from the current and the two previous Annual Statements to compute the results of IRIS Test 
11 (figures are in thousands of dollars). 

Exh ib i t~  IRIS Test11:lnputDa~ 
20X3 20X4 20X5 

Earned premium $12,000 $12,500 $19,000 

Loss reserves 
Reinsurance payable on paid losses 
Loss adjustment expense reserves 

9,000 10,000 16,000 
500 1,000 2,500 

2,500 4,000 4,500 

i Policyholders ' surplus $7,850 $8,900 $12,150 

RESTATED OUTSTANDING LOSS RATIOS 

The restated outstanding loss ratios for 20X3 and 20X4 are the restated loss reserves divided 
by the earned premium. The restated loss reserves are defined as the sum of loss reserves, 
LAE reserves, reinsurance payable on paid losses, and Schedule P, Part 2, Summary 
adverse loss development. 
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For 20X3, the restated loss reserves are 

$9 million + $0.5 million + $2.5 million + $4 million = $16 million, 

and the restated outstanding loss ratio is $16 million + $12 million = 133.3%. 

For 20X4, the restated loss reserves are 

$10 million + $1 million + $4 million + $3 million = $18 million, 

and the restated outstanding loss ratio is $18 million ÷ $12.5 million = 144.0%. 

STATUTORY INDICATED RESERVES 

The average restated outstanding loss ratio is (1.333 + 1.440) ÷ 2 = 1.386. The 20X5 earned 
premiums are $19 million, so the indicated unpaid losses are 1.386 x $19 million = $26.347 
million. The held reserves at December 31,20X5 are $23 million [ = $16 million + $2.5 million 
+ $4.5 million]. The indicated reserve deficiency is $26.347 million - $23 million = $3.347 
million. Policyholders' surplus in 20X5 is $12,150,000. The ratio of $3.347 million to $12.15 
million is 27.55%, which constitutes an exceptional score for IRIS Test 11. The figures are 
summarized in the table below. 
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Table 2.3: IRIS Test 11: Estimated Reserve Deficiency 
(Figures in Thousand of Dollars 

Statement date 20X3 20X4 20X5 

Loss reserves $9,000 $10,000 $16,000 

Reinsurance payable on paid losses $500 $1,000 $2,500 

Loss adjustment expense reserves $2,500 $4,000 $4,500 

Adverse loss development $4,000 $3,000 

Restated loss reserves $16,000 $18,000 

Earned premium $12,000 $12,500 

Restated outstanding loss ratio 1.333 1.440 

Average restated O/S loss ratio 1.387 

Eamed premium, current year $19,000 

Indicated loss reserves $26,347 

Held reserves at December 31,20X5 $23,000 

Indicated reserve deficiency $3,347 

Second Illustration 

To ensure comprehension of the IRIS reserve adequacy test, we show a second illustration 
in abbreviated form. Readers are encourage to develop the IRIS Test 11 result and compare 
it to the procedure below. 

The Annual Statements for years 20XX-2, 20XX-1, and 20XX show the following figures in 
millions of dollars. 
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Exhibit 2.4: IRIS Test 11~ Illustration 2 t Input Data 
20XX-2 20XX-1 20XX 

Earned Premium (page 4, line 1) $1,100 $1,500 $1,750 

Loss Reserves (page 3, line 1 ) 1,500 2,000 3,000 
Reinsurance payable on paid losses 200 300 300 
LAE Reserves (page 3, line 2) 1,000 1,500 1,700 

Policyholders' Surplus $8r000 $91000 $101000 

The 20XX Schedule P, Part 2 Summary shows one-year adverse loss development of 600 
and two-year adverse loss development of 1,500. We calculate the IRIS Test 11 results for 
the 20XX statement date. 

We determine the restated outstanding loss ratios for the two prior years: 20XX-2 and 
20XX-I. We multiply the average of the two restated outstanding loss ratios by the 20XX 
earned premium to derive the Test 11 indicated reserves. We subtract the 20XX held 
reserves from the indicated reserves, and we divide the result by the 20XX policyholders' 
surplus. A quotient greater than 25% is an exception value for Test 11. 

The restated outstanding losses in each prior year equals the sum of: 

i. the loss reserves; 
ii. the reinsurance payable on paid losses; 
iii. the LAE reserves; and 
iv. the adverse loss development from that prior year to the current statement date as 

indicated in the Schedule P, Part 2, Summary. 

For 20XX-2, the restated outstanding losses are $1500 + $200 + $1000 + $1500 = $4,200 
miUion. The restated outstanding loss ratio is the restated outstanding losses divided by the 
eamed premium, or $4,200 / $1,100 = 3.818. 

For 20XX-1, the restated outstanding losses are $2,000 + $300 + $1,500 + $600 = $4,400 
million. The restated outstanding loss ratio is $4,400 / $1,500 = 2.933. 

The average restated outstanding loss ratio in the two prior years is (3.818 + 2.933) / 2 = 
3.376. The Test 11 indicated reserves for 20XX are 3.376 x $1,750 = $5,908 million. 

The held reserves in 1998 are $3,000 + $300 + $1,700 = $5,000 million. The excess of the 
indicated reserves over the held reserves equals $5,908 - $5,000 = $908 million. 
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The ratio of the Test 11 indicated reserve deficiency to policyholders' surplus is $908 / 
$10,000 = 9.08%. This is less than 25%, so the Test 11 results are not exceptional. 

Distortions 

IRIS Test 11 uses all lines combined data, which is an extremely heterogeneous mixture. The 
test results are distorted by (i) company growth, (ii) changes in the mix of business by line, and 
(iii) changes in policy types. Each of these effects is explained below. 

Growth 

Rapid growth after a period of stability may indicate a reserve deficiency even if reserves are 
adequate, particulady if the company writes long-tailed lines of business. For workers' 
compensation or medical malpractice, the outstanding loss ratio may be as high as 300%, 
since losses are paid several years after the premium is collected. 

The example above illustrates this problem. The company grew rapidly in 20X5, increasing 
its premium volume from $12.5 million to $19.0 million, an increase of $6.5 million. In 
comparison, the 20X4 increase in premium was only $12.5 million - $12.0 million = $0.5 
million. 

Loss reserves increased in 20X5 by $23 mil l ion- $18 million (after restatement for adverse 
loss development) = $5 million. This is the increase that we would expect for an additional 
$6.5 million of earned premium. Nevertheless, the company shows an exceptional score on 
IRIS Test 11. 

The NAIC realizes that changes in premium volume may distort the results. Business growth 
overstates the reserve deficiency, though the NAIC believes the effect is not great: "Within the 
normal range of variations in premium from year to year, the distortion from changes in 
premium is not significant" (NAIC IRIS Manual, Test 11). 

The outstanding loss ratio does not property match losses in the numerator with premiums in 
the denominator. IRIS Test 11 is a holdover from days when many state insurance 
departments did not have actuarial or financial staff who could perform reserve adequacy tests 
and when reserving software to perform actuarial reserve adequacy tests was not available. 
The Annual Statements are now filed electronically (in addition to the hardbound copies), and 
software is available for complete actuarial analyses of reserve adequacy. It is hard to justify 
the continued use of IRIS Test 11. 

Mix by Line 

A change in the mix of business from long-tailed liability lines to short-tailed property lines may 
lead to an exceptional score on IRIS Test 11, even if reserves are adequate. Conversely, a 
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change in the mix of business from short-tailed property lines to long-tailed liability lines may 
prevent an exceptional score on IRIS Test 11, even if reserves are deficient. 

Illustration: A company writes workers' compensation and commercial fire insurance. 

• The expected outstanding loss ratio for workers' compensation is 250%. 
• The expected outstanding loss ratio for commercial fire is 20%. 

With a 50%-50% mix of business, the overall expected outstanding loss ratio is 
50% x 250% + 50% x 20% = 135%. 

If the company shifts to a mix of 60% workers' compensation and 40% commercial fire, the 
overall expected outstanding loss ratio is 60% x 250% + 40% x 20% = 158%. TM If the 
company shifts to a mix of 40% workers' compensation and 60% commercial fire, the overall 
expected outstanding loss ratio is 40% x 250% + 60% x 20% = 112%. A 10% shift in the 
mix of business leads to a 23% difference in the expected outstanding loss ratio. 

If the company shifts from short-tailed property lines to long-tailed liability lines, a steady 
outstanding loss ratio may mask a reserve deficiency problem. Conversely, if the company 
shifts from long-tailed liability lines to short-tailed property lines, a decreasing outstanding loss 
ratio is expected, and it does not necessarily indicate a reserve deficiency problem. 

The NAIC realizes that changes in the mix by line may distort the results. The NAIC 
recommends that "For companies which have had major shifts in product mix, the estimated 
reserve deficiency or redundancy should be calculated separately for the major product 
groups . . . .  "(ibid.). 

Policy Type 

A shift in the mix of policy type may have an effect similar to a shift in the mix of business by 
line. For instance, a shift from first dollar workers' compensation policies to large dollar 
deductible workers' compensation policies may prevent an exceptional score on IRIS Test 11, 
even if reserves are deficient. A book of large dollar deductible workers' compensation 
policies has an exceedingly high outstanding loss ratio, since the losses are paid many years 
after the premium is collected. See the discussion above regarding mix of business for further 
discussion. 

r5 This is the steady-state expected outstanding loss ratio. The change in the observed outstanding loss 
ratio after a change in the mix of business is gradual, extending over several years. 
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Case Incurred (Reported) Loss Reserve Adequacy Tests 

Part 2 includes bulk + I BNR reserves in addition to case reserves and paid losses. Actuaries 
project indicated reserves from historical experience, such as loss payments and reserves 
set by claims examiners, not from previous actuarial forecasts. 

Part 4 of Schedule P shows the bulk + IBNR reserves carried by the company in past years 
in the same format as in Part 2. The difference between Parts 2 and 4 reflects the historical 
claims experience of the company. The case incurred (or reported) loss development 
patterns derived from this experience can be used to prospectively estimate reserve 
adequacy. 

ILLUSTRATION: REPORTED LOSS DEVELOPMENT 

We continue the illustration from the discussion of Part 3, using data from the same company. 

Exhibit 2.5:20X9 Schedule 

Pa~2 20XO 20Xl 20X2 20X3 20X4 20X5 20X6 20X7 20X8 20X9 

20XO 563 524 514 501 494 482 485 486 486 486 

20Xl 578 554 528 526 519 518 518 521 520 

20X2 487 495 486 478 478 476 475 475 

20X3 523 519 520 517 520 522 522 

20X4 603 637 649 661 666 667 

20X5 708 708 700 708 707 

20X6 740 761 786 787 

20X7 800 800 802 

20X8 860 866 

20X9 898 

For a well reserved company, Part 2 should show little upward or downward development 
along the rows. This illustration shows no significant development for accident years 20X2, 
20X3, 20X5, 20X7, and 20X8.; downward development for accident years 20XO and 20X 1; 
and slight upward development for accident years 20X4 and 20X6. For all accident years 
combined, there is a 0.5 percent decline in incurred losses from the first report to the 
statement date. 
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Part 4 shows bulk and IBNR reserves. Since bulk and IBNR reserves are replaced by case 
reserves and payments as claims are reported and settled, we expect a steady decline along 
the rows. 

Exhibit 2.6:20X9 Schedule 

Pa~4 20X0 20X1 20X2 20X3 20X4 20X5 20X6 20X7 20X8 20X9 

20X0 348 177 114 82 61 41 36 26 20 12 

20X1 326 190 119 85 62 47 35 28 20 

20X2 265 166 113 76 60 46 40 31 

20X3 296 167 114 81 60 50 38 

20X4 328 194 131 95 74 58 

20X5 410 231 142 100 62 

20X6 438 246 170 118 

20X7 462 246 146 

20X8 515 238 

20X9 560 

The difference between Parts 2 and 4 shows case incurred (or reported) losses plus DCC. 
This new triangle may be used for a prospective test of loss reserve adequacy. 
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20Xl 

20X2 

20X3 

20X4 

20X5 

20X6 

20X7 

20X8 

20X9 

LINK RA~OSAND DEVELOPMENT FACTORS 

E x h i b i t ~  20X9 Schedule P a ~ 2 - P a ~ 4  

Pt2-4 20X0 20X1 20X2 20X3 20X4 20X5 20X6 20X7 20X8 20X9 

20X0 215 347 399 ,419 433 442 449 460 466 474 

252 363 409 441 457 471 483 493 500 

222 329 373 402 418 430 435 1444 

227 352 406 436 460 471 484 

275 443 518 566 592 609 

298 477 558 608 645 

302 515 616 1670 

338 554 656 

345 628 

338 

The reported loss link ratios shown below are formed in the same manner as the paid loss link 
ratios discussed earlier. 

Exhibit 2.8:20X9 Schedule F ~orted Loss Link Ratios 

l t o 2  2 to3  3 to4  4 to5  5 to6  6 to7  7 to8  8 to9  9 - 1 0  

20X0 1.614 1.150 1.050 1 .033 1.021 1.016 1.024 1 .013 1.017 

20X1 1.440 1.127 1 .078 1.036 1.031 1.025 1.021 1.014 

20X2 1.482 1.134 1 .078 1.040 1 .029 1 .012 1.021 

20X3 1.551 1 .153  1.074 1 .055 1.024 1.028 

20X4 1.611 1.169 1 .093 1.046 1.029 

20X5 1.601 1.170 1.090 1.061 

20X6 1.705 1.196 1.088 

20X7 1.639 1.184 

20X8 1.820 
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Loss reserve projections that rely on reported (case incurred) loss development pattems are 
aided by knowledge of the insurer's case reserving practices, as well as of changes in these 
practices during the experience period. The three year average reported loss link ratios are 
higher than the corresponding five year averages for the first three maturities, so we have 
selected the three year averages as estimates for the future. 

Exhibit 2.9: Re ~orted Loss Devek ~ment Test of Reserve Ade( 

l t o 2  2to3 3 to4 4to5 5 to6 6 to7 7to8 8 to9 9-10 

Averages 

3 year 

5 year 

Select 

1.722 1.183 1.090 1.054 1.027 1.022 1.022 

1.675 1.175 1.084 1.048 1.027 

1.720 1.180 1.090 1.050 1.030 1.020 1.020 1.010 1.010 

Cumulative 2.539 1.476 1.251 1.148 1.093 1.061 1.041 1.020 1.010 

Reported $338 $628 $656 $670 $645 $609 $484 $444 $500 

Developed $658 $927 $621 $769 $705 $646 $504 $453 $505 

Bulk Res $520 $299 $165 $99 $60 $37 $20 $9 $5 

Total Res $702 $521 $336 $223 $163 $112  $70 $50 $51 

For all accident years combined, the estimated ultimate incurred loss plus DCC is $6,188 
thousand, and the reported incurred amounts on Part 2 are $6,244 thousand. The difference 
of less than 1 percent indicates accurate reserving. 

UPDATING THE PART 2 EXHIBITS 

The figures for individual accident years in Part 2, except for those in the right-most column 
and the prior years row, may be copied from the corresponding entries in the previous Annual 
Statement. For the prior years row, a modification is required. 

• The entries in the previous year's Schedule P for the prior row and for the first accident 
year should be divided between reserves and paid losses: paid losses are in Part 3 and 
reserves equal Part 2 minus Part 3. 

• The reserves from the first two rows in the previous years Schedule P are added together 
and posted directly to the current Schedule P. 

• The current Schedule P payments are taken from Part 3. 
• The sum of the reserves and the payments is the current year's prior years row on Part 2. 
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I l lustration: We are completing the prior years row for the 2010 Schedule P. We illustrate the 
derivation of the 2007 statement date figure: the accident years 2000 and prior as of 
December 31,2007. Assume the following figures are given in the 2009 Schedule P, Part 
2, and in the 2010 Schedule P, Part 3: 

• The 2009 Schedule P, Part 2, prior years row, shows $35 million at December 31,2007, 
and the 2000 accident year shows $15 million at December 31,2007. 

• The 2009 Schedule P, Part 3, prioryears row, shows $10 million at December31,2007, 
and the 2000 accident year shows $8 million at December 31,2007. 

• The 2010 Schedule P, Part 3, prior years row, shows $12 million at December 31,2007. 

We derive the figures for the 2010 Schedule P, Part 2 prior years row as follows: 

• The reserves for the 2009 prior years row at December 31,2007 are $35 million - $10 
million = $25 million 

• The cumulative paid losses for the 2009 prior years row at December 31,2007 are $15 
million - $8 million = $7 million. 

• The required entry for the 2010 Schedule P, Part 2, prior years row, evaluated at 
December 31,2007 is $25 million + $7 million + $12 million = $44 million. 

The entries forthe right-mostcolumn can be copied from Part 1. For each accident year, Part 
2, column 10 equals columns 11 - 8 + 9 + 24 - 21 + 22 from Part 1. Columns 11 and 24 in 
Part 1 show total paid and unpaid losses plus loss adjustment expenses. Since Part 2 does 
not include AAO adjustment expenses, one must subtract the net AAO expenses. Columns 
8 -  9 equal the net AAO paid (direct plus assumed minus ceded) and columns 21 - 2 equal 
the net AAO unpaid. 

If the Part 1, column 24 entries are net of tabular discounts, one must add the tabular discounts 
by accident year to obtain the Part 2, column 10 entries. The tabular discounts are shown in 
Note 28 to the Annual Statement. 

Reported loss development reserve procedures are particularly important for long tailed lines 
of business whose loss payments are small at eady maturities, such as products liability and 
excess of loss reinsurance. 

ILLUSTRATION: UPDATING THE TWO-YEAR LINES 

The following illustration puts together the procedures for Part 3, Part 2, and intercompany 
pooling agreements, and it clarifies the difference between the two year exhibits and the ten 
year exhibits. 

The 20X3 Schedule P for XYZ Insurance shows the following data for auto physical damage. 
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Exhibit 2.11: Auto Physical Damage Incurred Losses 
Schedule P - Part 2J - Auto Physical Damage 

Incurred Losses and DCC 
Yearin which ReoortedatYear End fin $000) 

Losses were lncurred 20X1 20X2 20X3 
Prior 400 380 370 

20X2 XXX 1000 1020 
20X3 XXX XXX 800 

Exhibit 2.12: Auto Physical Damage Cumulative Paid Losses 
Schedule P - Part 3J - Auto Physical Damage 

Cumulative Paid Losses and DCC 
Yearin which at Year End fin $000~ 

Losses were lncurred 20X1 20X2 20X3 
Pnor 000 300 330 

20X2 XXX 780 960 
20X3 XXX XXX 580 

During 20X4, XYZ establishes an insurance subsidiary, ABC Insurance, and enters into a 
intercompany pooling arrangement in which each company gets 50% of the combined 
business. Neither company has any other reinsurance ceded or assumed. 

For 20X4, the companies record the following: 

Exhibit 2.13: Auto Physical Damage Calendar Year Transactions 
Year in Which 
Losses Were 

Incurred 
Prior 

20X2 
20X3 
20X4 

Losses and DCC Reserves ~rLosses 
Paid Dudng 20X4 and DCC atthe end of 20X4 
XYZ ABC XYZ ABC 

16 0 10 0 
40 0 20 0 

200 0 50 0 
400 300 150 100 

We construct Schedule P, Part 2J and Part 3J for XYZ's 20X4 Annual Statement. 

INTERCOMPANY P O O L I N G  

We begin with the pooling rules. We must form the 20X4 Schedule P exhibits for XYZ 
Insurance. In 20X4, XYZ formed a subsidiary, ABC Insurance, and established a 50% 
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intercompany pooling arrangement. Premiums and losses for XYZ and for ABC are pooled, 
and each company takes half. 

In this illustration, ABC Insurance was not in existence during 20X2 and 20X3. This is not 
relevant for Schedule P. The Schedule P exhibits are restated to reflect the current 
intercompany pooling arrangements as if they were in effect in all prior years, even during 
years when one or more of the companies was not in existence. 

Loss Payments 

We begin with the prior years row in Part 3J, the paid loss triangle. In the paid loss triangles, 
the prior years row begins with "000.' The 10-year exhibits for the long-tailed liability lines of 
business differ from the 2-year exhibits for the short-tailed property lines of business in the 
following respect. 

• In the two year exhibits for the short-tailed property lines, the prior years row has two cells 
with figures preceded by one cell with "000." The entries begin in the same calendar year 
(20X3 in the illustration) as the entries for the oldest individual accident year (accident year 
20X3 in the illustration). 

• In the ten year exhibits, the "prior years" row has one cell with '000' followed by nine cells 
with figures. The oldest individualaccident year has tencells with figures. The entries for 
the prior years row begin one year after the entries for the oldest individual accident year. 

We may restate this by saying that in the two year exhibits, the prior years row begins one year 
eadier in comparison to the ten year exhibits. 

The same is true for the loss reserves. For the two year exhibits, Parts 2 and 4 begin with loss 
reserves for the prior years row at the date two years prior to the current statement date. Had 
we formed the two year exhibits by analogy to the ten year exhibits, we would have started the 
loss reserves for the prior years row at a date one year prior to the current statement date. 

The rationale is that we need two years of real entries to show the two year development for 
IRISTest 10. Forthe ten year lines of business, the entries needed for the two year adverse 
development test are available without the need to extend development back one year. 

PRIOR YEARS ROW 

We form the prior years row in the 20X4 Part 3J: 

• The prior years row in the 20X3 Part 3J says that 
A. $300 was paid in calendar year 20X2 for accident years 20X1 and prior, and 
B. $330-  $300 = $30 was paid in calendar year 20X3 for accident years 20X1 and prior. 
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For the prior years row in the 20X4 Part 3J we need to determine 
A. How much was paid in calendar year 20X3 for accident years 20X2 and prior, and 
B. How much was paid in calendar year 20X4 for accident years 20X2 and prior. 

From the 20X3 Part 3J we determine the amount paid in calendar year 20X3 for accident 
year 20X2 as $960 - $780 = $180. We add to this the $30 paid in calendar year 20X3 
for accident years 20X1 and prior to get a total of $210 for Item 2.A above. 

The amount paid in calendar year 20X4 for accident years 20X2 and prior is $16 + $40 
= $56. We add $56 and $210 to get $266, which is the final entry in the prior years row 
in the 20X4 all companies combined Part 3J (before the allocation to member 
companies). 

INDIVIDUAL ACCIDENT YEARS 

The remaining 20X4 Part 3J entries are straight-forward. Since the two companies 
participate in an intercompany pooling agreement, we first format the combined (all 
companies) Schedule P exhibits. 

=~ The calendar year 20X3 payments for accident year 20X3 are the same as in the 20X3 
Part 3J, or $580. 

=~ The calendar year 20X4 payments are taken from the 20X4 experience: 
J' For accident year 20X3, the payments are $200. The cumulative accident year 20X3 

payments as of December 31,20X4 are $580 + $200 = $780. 
4" For accident year 20X4, the combined payments for the two companies are $400 + 

$300 = $700. 

The 20X4 Part 3J for the two companies combined looks as follows: 

Exhibit 2.14: Pooled Companies Cumulative Paid Losses 
Cumulative Paid Losses and DCC 

Years in which at Year End ($000~ 
Losses were Incurred 20)(2 20X3 20X4 

Prior 000 210 266 
20X3 XXX 580 780 
20X4 XXX XXX 700 

Since the current pooling arrangement is 50% for each company, the 20X4 Part 3J for each 
company (XYZ and ABC) is exactly half of the combined Part 3J, as shown below. 
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Exhibit 2.15: Individual Companies Cumulative Paid Losses 
Cumulative Paid Losses and DCC 

Years in which ~YearEnd($0001 
Losses were Incurred 20X2 20X3 20X4 

Pdor 000 105 133 
20X3 XXX 290 390 
20X4 XXX XXX 350 

Loss Reserves 

To form the 20X4 Part 2J, we add the loss reserves to the loss payments. From the 20X3 
Parts 2J and 3J we form a triangle of loss reserves only, which is the difference between these 
two triangles: 

Exhibit 2.16: Pooled Companies Loss Reserves 
Loss Reserves 

Year in which at Year End ($000) 
Losses were Incurred 20X1 20X2 20X3 

Prior 400 80 40 
20X2 XXX 220 60 
20X3 XXX XXX 220 

For the 20X4 Part 2J, the entry in the upper-left comer is the loss reserves at December 31, 
20X2 for accident years 20X2 and prior. From the triangle directly above, this is $80 + $220 
= $300. In a similar fashion, we construct a triangle of loss reserves only for the 20X4 
Schedule P, as shown below. 

Exhibit 2.17: Pooled Companies Loss Reserves t Updated 
Loss Reserves 

Yearin which at Year End ($0001 
Losses were lncurred 20X1 20X2 20X8 

Pdor 300 100 30 
20X3 XXX 220 50 
20X4 XXX XXX 250 

The December 31,20X4 reserves are taken from the 20X4 experience exhibit. For accident 
year 20X4, we combined the reserves being held for XYZ and for ABC. 

We add these reserves to the 20X4 Part 3J paid losses to get the 20X4 Part 2J (before the 
allocation to company). 
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Exhibit 2.18: Pooled Companies Incurred Losses 
Incurred Losses and DCC 

Years in which at Year End ($000) 
Losses were lncurred 20X2 20X3 20X4 

Prior 300 310 296 
20X3 XXX 800 830 
20X4 XXX XXX 950 

We now allocate this triangle 50% to ABC and 50% to XYZ. The final Part 2J for each 
company looks as follows: 

Exhibit 2.19: Individua/ Companies Incurred Losses 
Incurred Losses and DCC 

Years in which at Year End ($000) 
Losses were Incurred 20X2 20X3 20X4 

Prior 150 155 148 
20X3 XXX 400 415 
20X4 XXX XXX 475 

PART 4 - BULK + IBNR RESERVES 

Part 4 shows bulk + IBNR, or "actuarial," reserves, by accident year and evaluation date. 
These are reserves "for incurred but not reported claims, for reopened claims, for 
development on case reserves of reported claims, and for aggregate reserves on newly 
reported claims without specific case reserves" (Annual Statement Instructions). The use of 
Part 4 to derive case incurred (or reported) loss figures is described above. 
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Part 5 - Claim Counts 

Parts 2, 3, and 4 of Schedule P allow the analyst to perform prospective reserve analyses 
using absolute dollar techniques, using either paid loss methods (Part 3) or reported loss 
methods (Parts 2 and 4). 

Part 5 allows the analyst to perform claim count and average claim severity reserving 
analyses. Three claim count triangles are shown for the nine lines of business mentioned 
earlier in this paper (see page 35): 

• Section 1: Cumulative direct plus assumed claims closed with loss payment 
• Section 2: Direct plus assumed claims outstanding 
• Section 3: Cumulative direct plus assumed claims reported 

A triangle of direct plus assumed claims closed without loss payment can be derived from the 
three triangles shown, since reported claims equal the sum of 

• claims outstanding, 
• claims closed with loss payment, and 
• claims closed without loss payment. 

The total number of claims closed, both with and without loss payment, is the number of 
reported claims minus the number of claims outstanding, 

AVERAGE SEVERITY RESERVE ANALYSES 

Absolute dollar reserve analyses may be distorted by changes in (a) the volume of business, 
(b) inflation, or (c) case reserve adequacy. Claim count development is more stable. Average 
severity changes from accident year to accident year can be compared with inflation indices. 

Illustration: Required reserves for the most recent accident year are difficult to quantify 
in long-tailed lines of business. Claim count/average severity reserving methods are 
often used for lines of business where losses take long to settle and are subject to 
substantial random fluctuation, as might be caused by unpredictable jury awards. (Medical 
malpractice provides a good example.) If the ultimate claim count can be estimated, and 
if average severities in the most recent accident year are assumed to be 8% higher than 
those in the previous accident year, the estimated ultimate losses are 108% x the ratio of 
claim counts in the most recent accident year to claim counts in the previous accident year. 
The ultimate losses minus the paid losses and the case reserves equals the indicated bulk 
+ IBNR reserve. 
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Part 5 serves as an effective regulatory monitoring tool as well. Distressed insurers seeking 
to avoid regulatory scrutiny may artificially strengthen their surplus by (a) reducing case 
reserves, (b) not setting up compensating bulk reserves, and (c) paying claims more slowly. 
Whereas analyses of reserve adequacy based on absolute dollar figures may not uncover the 
problems, the claim count triangles would show two results: 

• Reported claim counts and outstanding claim counts are not affected by reserve 
strengthening or weakening. The lower case and bulk + IBNR reserves depress the 
average severities, revealing the potential reserve problems. 

• The slower claim settlement patterns are reflected by lower paid-to-reported claim 
ratios and higher open-to-reported claim ratios. 

Illustration A: A company shows a 10% annual trend in average closed claim severities 
and a 2% annual trend in average outstanding claim severities. There has been no 
changes in claim settlement speed. A regulator might suspect that the company has 
weakened its loss reserves. 

Illustration B: A paid loss development analysis does not show a reserve deficiency 
problem. However, the ratio of outstanding claims to reported claims at 12 months of 
development has increased from 30% to 45%. A regulator might suspect that the 
company is masking a reserve deficiency problem by delaying the settlement of claims. 

ADJUSTING THE HISTORICAL TRIANGLES 

Actuaries have developed techniques to correct for distortions caused by case reserve 
strengthening or weakening and for changes in claim settlement patterns (see Berquist and 
Sherman [1977]): 

Changes In Claim Settlement 

The paid loss development analysis using the Part 3 historical triangles uses "chronological" 
development ages: 12 months, 24 months, and so forth. If the company's loss settlement 
patterns are changing, the analyst may use "settlement" ages. Instead of using cumulative 
paid losses through 12 months, 24 months, and so forth, the analyst may use cumulative paid 
losses through the period of time when 25% of claims have been settled, 35% of claims have 
been settled, and so forth. This type of analysis requires the paid claim count histories of Part 
5 (claims closed with payment). 

CHANGES IN CLAIM SETTLEMENT: ILLUSTRATION 

In past years, 50% of the automobile insurance liability accident year claims are settled during 
the accident year, another 30% are settled in the next 12 months, and the final 20% are settled 
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in the next 12 months. We summarize the cumulative claim settlement pattern as 50%-80%- 
100% for the first three years. 

In an effort to control costs, the company has striven to settle claims more quickly during the 
most recent calendar year. The new pattern is 70%-90%-100% for the first three years. That 
is, 70% of the claims are settled during the accident year, another 20% are settled in the next 
12 months, and the final 10% are settled in the next 12 months. 

Small and simpler claims are settled more rapidly than large, complex claims. The pattern of 
loss payments is slower than the pattem of percentage of claims closed. In past years (before 
the recent revision of claim settlement practices), the pattern of loss payments was 33.3%, 
66.7%, 100% in the first three years. That is, one third of losses were paid during the accident 
year, another third were paid in the next 12 months, and the final third were paid in the next 12 
months. 

In past years, the paid loss development factor from 12 months to ultimate in past years was 
100% / 33.3% = 3.000, and the paid loss development factor from 24 months to ultimate was 
100% / 66.7% = 1.500. 

These historical paid loss development factors are too high for the current paid losses. Since 
a larger percentage of claims have been closed at each chronological age, a larger 
percentage of the losses have been paid by each development date, and there should be less 
paid loss development in subsequent periods. 

BERQUIST-SHERMAN ADJUSTMENT 

Instead of using cumulative paid losses, the reserving actuary may use the past experience 
to estimate the paid loss development factors from "50% of claims closed to ultimate" = 3.000 
and from "80% of claims closed to ultimate" = 1.500. The analyst interpolates between these 
two figures to estimate the paid loss development factor from "70% of claims closed to 
ultimate." Simple linear interpolation gives a loss development factor of 2.000. In truth, the 
relationship between claims closed and losses paid is not linear, so the simple interpolation 
is not appropriate. Berquist and Sherman [1977] illustrate the procedure with an exponential 
relationship between claim settlement and loss payment. 

The adjustment from chronological age to settlement age is important for actuarial loss 
reserving, but it must be used with caution. Many factors can cause changes in the claim 
settlement patterns without necessarily changing the loss payment pattern. For instance, an 
increase in nuisance claims, as had occurred in private passenger automobile and workers' 
compensation in the 1970's and 1980's, caused a large increase in the claim counts and the 
claim settlement speed, but no significant increase in the percentage of losses paid; see 
Conners and Feldblum [1998]. 
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Changes in Case Reserve Adequacy 

The case incurred (i.e., reported) loss development using Schedule P, Parts 2 and 4, may be 
distorted by changes in case reserve adequacy, even when these changes are compensated 
for by offsetting changes in bulk + IBNR reserve levels. To circumvent the problems caused 
by varying case reserve adequacy levels, one may restate the past case reserves based on 
the assumed inflation rate between the accident years. 

Illustration: The average severity of personal automobile liability open claims at 12 months 
of development is $20,000 for accident year 20X9. The loss cost trend for private 
passenger automobile liability from accident year 20X8 to accident year 20X9 is 8%. We 
would expect the average outstanding clam severity in 20X8 at 12 months to have been 
about $20,000 / 1.08 = $18,519, or about $18,500. If the average value of open claims in 
20X8 at 12 months differs significantly, the average case reserve adequacy level may have 
changed between 20X8 and 20X9. TM 

If the average value of open claims in accident year 20X8 at 12 months of development was 
$16,500, we might suspect that the claims department has been strengthening case 
reserves during the most recent calendar year (20X9). Replacing the observed value with 
the $18,500 expected value corrects for the distortion caused by changing reserve adequacy 
levels. 

Suppose that the reported loss link ratio from 12 months to 24 months was 1.500 for 
accident year 20X8, when average case reserves were $16,500 at 12 months ol 
development. This link ratio is too high for the 20X9 reported losses at 12 months of 
development~ since the case reserves are stronger. 

BERQUIST-SHERMAN ADJUSTMENT 

To illustrate the necessary procedure to correct the distortion, suppose that the case reserves 
at 12 months of development in the previous year were composed of $100 million of paid 
losses and $100 million of case reserves. We separate the reported loss link ratio of 1.500 
into two parts. The losses already paid in the first 12 months don't change in the next 12 
months. The remaining reported losses - the case reserves - may be paid in the next 12 

Te To keep the illustrations in this paper simple, we do not consider credibility issues. In practice, we 
would not infer a change in the average case reserve adequacy level from a single observation of average 
outstanding claim severities. We would examine the relationship between average outstanding claim severities 
in calendar years 20X8 and 20X9 at various ages of development. If the difference between them is consistently 
different from the expected difference-based on claim cost inflation, we might infer a change in case reserve 
adequacy levels. 
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months or may be re-estimated for a different amount. In addition, additional claims may be 
reported as IBNR losses. 

Since the total reported losses increased by 50% from $200 million at 12 months to $300 
million at 24 months and the losses already paid ($100 million) did not change, the case 
reserves increased by 100% from $100 million at 12 months to $200 million at 24 months. 

The current case 20X9 reserves are more adequate by a factor of $18,500/$16,500 = 1.121. 
We expect the current 20X9 case reserves to increase by 200% x $16,500 / $18,500-100% 
= 78.4% from 12 months to 24 months. The intuition for this is that the increase in the 20X8 
case reserves from 12 months at December 31,20X8 to 24 months at December 31,20X9 
was composed of two pieces: a +12.1% reserve strengthening and a +78.4% development 
increase from 12 months to 24 months. 

The revised reported loss link ratio from 12 months to 24 months is (1.000 + 1.784) / 2  = 
1.392. The figures are summarized in the table below, which assumes no change in exposure 
levels between accident years 20X8 and 20X9, but changes in reserve adequacy and 
monetary inflation. 

Exhibit 5.1: Berquist-Sherman Adjustment for Cha~ fng Reserve Adequacy 
Accident year Paid loss at 12 Case reserves Reported Reported Reported loss 

months at 12 months losses at 12 losses at 24 development 
months months factor 

20X8 $100 million $100 million $200 million $300 million 1.500 

20X9 $108 million $121 million $229 million $324 million 1.415 

A complete description of this procedure is presented by Berquist and Sherman [1977]. 

NET VS DIRECT PLUS ASSUMED 

The claim count triangles in Part 5 show direct plus assumed business. The loss triangles in 
Parts 2, 3, and 4 show net business. If the company has a significant amount of ceded 
business, and if the ceding percentages of proportional treaties or the retentions in 
non-proportional treaties have changed over time, then the average severity analyses will be 
distorted. 

The original rationale for showing the claim count triangles in Part 5 as direct and assumed 
business instead of net business was threefold. 

First, it is difficult to measure net claim counts for business with ceded non-proportional 
reinsurance. 
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Illustration:A property is insured for$10 million, with an excess of loss reinsurance cover 
of $8 million above a $2 million retention. A claim is incurred for $5 million. The primary 
company pays $2 million and the reinsurer pays $3 million. There is one direct claim for 
the primary company. The reinsurer should presumably code this as one assumed claim. 
But is there 1 net claim, 0 net claims, or some intermediate number for the primary 
company? Coding net claims in the same percentage as net losses- 40% of a claim for 
the primary company - would be enormous work for little or no benefit. 

Second, before 1993 the only claim counts shown in Schedule P were for the current valuation. 
These are the Part 1 and Part 3 claim count columns. The intention of these columns is to 
match the direct plus assumed claim counts with the direct plus assumed loss statistics. The 
difficulties in matching net vs. direct plus assumed business arose with the addition of 
historical claim count triangles to Schedule P in 1993. 

Finally, when Part 5 was first formed, there was no reduction in claim counts for non-affiliated 
proportional ceded reinsurance. With the exception of intercompany pooling agreements, the 
Schedule P definition of net claim counts was the same as the Schedule P definition of direct 
plus assumed claim counts. This is no longer the case, since all proportional reinsurance 
reduces the direct plus assumed claim counts; see the discussion earlier in this paper. 

AVERAGE VALUES OF OUTSTANDING CLAIMS 

Both Part 1, column 25, "Number of Claims Outstanding," and Part 5, Section 2 allow one to 
determine the average value of an outstanding claim. A triangle of net case reserves by 
accident year may be formed as Part 2 - Part 3 - Part 4. This triangle includes both case 
loss reserves and case reserves for defense and cost containment (if the company holds such 
case reserves). 

Direct plus assumed case reserves by accident year are in Part 1, column 13, which shows 
only the figures for the current statement date. The case reserves divided bythe number of 
claims outstanding is the average value of an open case. A comparison of these values by 
accident year shows trends in average loss costs. 

The trend in average outstanding claim severity is important for monitoring case reserve 
adequacy. An open claim loss severity trend lower than the closed claim loss severity trend 
may indicate case reserve weakening. 

Illustration: The average loss cost trend for claims closed with payment is +8% per annum. 
This estimate is derived from the ratio of the Schedule P, Part 3 triangle to the Schedule P, 
Part 5, Section 1 triangle (closed with loss payment). 
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The average loss cost trend for open claims is +3% per annum. This estimate is derived from 
the ratio of the Schedule P, Part 2 -  3 -  4 triangle to the Schedule P, Part 5, Section 2 triangle 
(outstanding claims). 

The 5 percentage point difference in the loss cost trends may indicate case reserve 
weakening, particularly if the company shows other signs of financial weakness. 

COMPLETING THE PART 5 EXHIBITS 

Part 5 has three sections: Section 1 shows cumulative claims closed with loss payment; 
section 2 shows claims outstanding; and section 3 shows cumulative reported claims. 

Section 1 of Part 5 is similar to Part 3 for the individual accident years: Part 5 shows 
cumulative claims and Part 3 shows cumulative loss payments. The entries for the"prior 
years" row are different. In Part 3, the individual accident years show cumulative figures, and 
the "prior years" row shows cumulative loss payment beginning with the second calendar year 
shown along the top of the exhibit. 

Illustration: In the 2010 Annual Statement, the "prior years" row in Schedule P, Part 3 
shows cumulative loss payments beginning from January 1,2002for accident years 2000 
and prior. 

Column 11 of Part 3, "number of claims closed with loss payment," shows the cumulative 
number of claims through the statement date for the individual accident years. Column 12 
shows the corresponding number of claims closed without loss payment. 

Illustration: In the "prior years" row in the 2010 Annual Statement, Schedule P, Part 3, 
column 11 shows the cumulative number of claims closed with loss payment from January 
1,2002 through December 31, 2010 for accident years 2000 and prior. 

Section 1 of Part 5 shows the cumulative number of claims closed with loss payment for the 
individual accident years at each December 31. For the individual accident years, column 10 
of Part 5, Section 1 equals column 11 of Part 3. For the "prior years" row, Section 1 of Part 
5 shows incrementalclosings in each calendar year, not the cumulative total. For the "prior 
years" row, column 10 of Section 1 of Part 5 does notequal column 11 of Part 3. ~ 

77 Neither the NAIC Instructions nor the Schedule P exhibits mention this difference, though one item of 
the formatting of the exhibits alludes to it. The upper left hand cell of the Part 3 exhibits contains "000," 
indicating that the cumulative payments begin with the second column. These are the payments from the 
reserves held at the year-end date corresponding to the first column. The "prior years" closed claims shown 
in columns 11 and 12 of Part 3 correspond to the cumulative paid losses at the current statement date in 
column 11. In Section 1 of Part 5, the first cell in the "prior years" row does not contain "000," indicating that 
this row shows incremental closed claims, not cumulative closed claims. [I am indebted to Richard Roth for 
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Illustration: For accident year 2001, there are 5,000 claims closed with payment in each 
calendar year from 2001 through 2010. For accident years 2000 and prior, there are 
10,000 claims closed with payment in each calendar year from 2001 through 2010. 

For accident year 2001 in Part 5, Section 1, the counts are cumulative, so the company 
reports 5,000 in the 2001 column (column 1 ), 10,000 in the 2002 column (column 2), 15,000 
in the 2003 column (column 3), and so forth, ending with 50,000 in the 2010 column (column 
10). For the "prior years" row, the counts are incremental, so the company reports 10,000 
claims in each column. 

In column 11 of the Part 3 exhibit for accident year 2001, the company shows the cumulative 
count at the current statement date, or 50,000, as in Part 5, Section 1, column 10. For the 
"prior years" row, column 11 shows the cumulative claims closed since January 1,2002, or 
90,000, which differs from the entry in Part 5, Section 1, column 10 (which is 10,000). 

Part 5, Section 2 shows claims outstanding at each year end. This figure is affected by the 
company's small claims handling procedures. Not all companies set up claim files for small 
claims that are expected to be settled quickly, as often occurs in personal automobile physical 
damage. 

Part 5, Section 3, is similar to Part 5, Section 1. The individual accident years show the 
cumulative claims reported. The "prior years" row shows the incremental claims reported in 
each calendar year interval. The relationship that 

cumulative reported claims = cumulative paid claims plus outstanding claims 

holds for the individual accident years, but not for the "prior years" row. 

For claims-made coverage, the Schedule P "incurral date" is the report date. Year 20XX in 
the left-most column means claims reported in 20XX, not claims with accident dates in 20XX. 
For the individual years shown in the left-most column, the figures in the initial diagonal are 
carried unchanged along each row. The entries in the "prior years" row should all be zero. 

"Claims in transit" are a minor exception to these rules. A claim that is reported to the 
company on December 28, 20XX, may not be entered into the company's electronic files until 
January 10, 20XX+I. If the company prepares Schedule P immediately after the end of the 
year, the claim belongs in the year 20XX row but it may not show up until the year 20XX+I 
column. 

Electronic data processing files are not prevalent, and claims in transit for so long that they are 
not entered in time to the company's files are rare. 

explaining this to me.] 
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Part  6 - P remium Deve lopment  

Part 6 shows the development of earned premium by exposure year, similar to the 
development of incurred losses by accident year in Part 2. Exposure year earned premium 
is not required elsewhere in the Annual Statement, and not all companies compile the 
requisite data. TM 

Accrued retrospective premiums and earned but unbilled premiums are most commonly 
analyzed by policy period, not by exposure year. Policyholders are concerned with the 
experience on their own contracts; the segmentation by exposure year is of little concern to 
them. Insurers are concerned with the effects of retrospective rating provisions and 
competitive adjustments on premiums. They use policy period data, not exposure year data. 

The distribution of the current calendar year's earned premium to exposure years is shown in 
the right-most column (column 11), along with a reconciliation of the earned premium figures 
to those in Part 1 of Schedule P. Reconciliation to calendar year earned premium of earlier 
years uses the entries on the bottom row of Part 6; see below. 

Exposure year premium figures are important for lines of business where premiums are 
affected by exposure audits, retrospective rating adjustments, or accounting lags in booking 
premiums. These lines are workers' compensation, other liability, products liability, 
commercial automobile, and reinsurance. 

The text of this section deals with the Schedule P, Part 6 exhibits and the statutory accounting 
procedures directly tied to these exhibits. The post codification statutory accounting rules for 
audits and retrospective adjustments are complex. They are important background 
information for understanding Part 6 of Schedule P and the related Annual Statement pages, 
but a complete explanation of the issues would be too long for this chapter. We have placed 
this material in Appendix B. Readers may find this,appendix helpfulfor mastering Part6of 
Schedule P. 

Part 7 of Schedule P shows policy year triangles of premiums and losses on loss sensitive 
contracts. The concepts discussed here for the Part 6 exhibits are applicable to the Part 7 
exhibits as well. To avoid repetition, we discuss both exposure year premiums and policy 
year premiums in the text below. 

z8 Only exposure years 1993 and subsequent need be reported in Schedule P, though companies may 
report entries for earlier years if they have the data. This provision has little effect now on the Part 6 exhibits. 
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The tax regulations in January 2000 regarding expected audits and retrospective premium 
adjustments affect the statutory accounting practices of many insurers. We explain the tax 
accounting rules in Appendix B as well. 

PRINCIPLES 

1. 

2. 

For most personal insurance policies, the premium is fixed at policy inception based on 
a known exposure base, such as car-years or house-years. For most commercial 
insurance policies, the premium depends on the activity of the insured during the policy 
period. Workers' compensation premium depends on the payroll during the policy term; 
products liability premium depends on the sales during the policy term. The wdtten 
premium at policy inception is only a deposit premium. 

For retrospectively rated policies, the premium depends on the loss experience of the 
insured, which is not known with certainty until the losses have been settled. 

3. The insurer's estimated ultimate premium may differ from the written premium initially 
charged. For policies subject to audits, the initial premium may be below the estimated 
ultimate premium for competitive reasons. For retrospectively rated policies, the insurer 
expects to return premium to the employer at the first retrospective adjustment and to 
collect additional premiums at second and subsequent adjustments. Actual cash flow 
pattems and premium billing patterns differ by company and by policy. The Schedule P, 
Part 6 premium triangles show the premium billing patterns by line of business. 

4. If the estimated ultimate premium differs from the premium actually billed, the insurer 
accrues the difference as a return premium (a retro debit) or as expected additional 
premium (a retro credit). TM The premium triangles in Part 6 of Schedule P reflect the 
combined effects of exposure audits, retrospective rating, insurer accruals of return or 
additional premiums, and changes over time in these accruals. 

Illustration: Retrospective Rating 

A retrospectively rated workers' compensation policy is issued on January 1,20XX with a 
premium rate of $1 per $100 of payroll. The premium rate is used for the deposit premium 
and the standard premium. On January 1, the insured employer estimates $200,000,000 of 
payroll for the coming year, so the initial written premium is $2,000,000. The retrospective 
rating formula for this illustration is 

net premium = 20% x standard premium + 1.10 x reported losses. 

The accrual rules were revised in 2002 for statutory accounting and in 2000 for tax accounting. The 
company's tax department may use the actuarial worksheets for Schedule P, Part 6 for the tax filing; see the 
appendix on accounting for audits and retrospective premium adjustments. 
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On February 15, 20XX+I, after the policy term has expired, the insurer audits the employer's 
payroll records. The true payroll for 20XX was $250,000,000, and the insurer bills the 
employer for an additional $500,000 of premium. The standard premium is $2.5 million. 

Insurers often use low estimates for the coming year's payroll as competitive tools to produce 
low initial premium estimates. The final premium is revised upward in accordance with the 
payroll audit done after policy expiration. The insurer loses the investment income on the 
premium that is not collected until the end-of-year audit, but it retains the policy (Feldblum 
[1992: WCR]). 

On July 1,20XX+l, the first retro adjustment is processed. The retrospective rating formula 
uses reported losses, consisting of paid losses and case reserves; IBNR losses are not 
included. At the first retro adjustment, losses are still immature. The indicated retrospective 
premium is generally less than the estimated ultimate premium, resulting in a return premium 
to the employer (Berry [1980], Teng and Perkins [1996], Feldblum [1997: TP]). 

At 18 months after policy inception (July 1,20XX+l ), the reported losses are $1,200,000, 
giving a retrospective premium of 20% x $2.5 million + 1.1 x $1.2 million = $1.82 million. The 
insurer returns $2,500,000 - $1,820,000 = $680,000 to the employer. 

At second and subsequent adjustments, the reported losses increase as they develop to 
maturity, and the insurer collects additional premium from the employer. At 30 months after 
policy inception (July 1, 20XX+2), the reported losses may be $1,500,000, giving a 
retrospective premium of 20% x $2.5 million + 1.1 x $1.5 million = $2.15 million. The insurer 
bills the employer for an additional $2,150,000 - $1,820,000 = $330,000 of premium. 

CALENDAR YEAR, EXPOSURE/ACCIDENT YEAR, AND POLICY YEAR 

Earned premium may be recorded by calendar year, exposure year, or policy year, and 
incurred losses may be recorded by calendar year, accident year, report year, or policy year. 
The Annual Statement reporting procedures are as follows: 

Earned Premium 

• Most accounting exhibits use calendar year premiums. These include the income 
statement; the Underwriting and Investment Exhibit, Part 2; the page 15 state exhibits; 
Schedule F; Schedule P, Part 1; Schedule T; and the Insurance Expense Exhibit. 

• Schedule P, Part 6, shows exposure year earned premium. The reconciliation of 
Schedule P, Part 6 to Schedule P, Part 1 is shown in the last line of the right-most column 
of Part 6 (see below). 

• Schedule P, Part 7 shows policy year earned premium for loss-sensitive contracts only. 

Incurred losses 
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• Most accounting exhibits use calendaryear losses. These include the income statement; 
the Underwriting and Investment Exhibit, Part 3; the page 1 5 state exhibits; Schedule F; 
Schedule T; and the Insurance Expense Exhibit. 

• Schedule P, Parts 1 through 4 show accident year incurred losses for occurrence policies 
and report year losses for claims-made policies. The reconciliation of accident year 
incurred losses to calendar year incurred losses is not shown explicitly, but it can be 
derived in the same manner as for eamed premiums. 8° 

• Schedule P, Part 7 shows policy year incurred losses for loss-sensitive contracts only. 

AUDIENCES 

The four data types - calendar year, policy year, exposure/accident year, and report year -  
serve different audiences. 

1. Calendar year data, which is final at the end of the year, is used for accounting statements 
in the United States. No actuarial estimates are needed. Calendar year data eliminates 
potential biases caused by consistent over- or under-reporting of initial estimates. 
However, calendar year data are the subject to smoothing of reported results. 

2. Policy year data are used for policy pricing, particularly when policy conditions that affect 
the premiums and losses change over time, as is true for retrospectively rated policies. 

3. Accident year and exposure year data are used for reserving, which requires data that are 
homogeneous in the age since the accident or since policy inception. 

4. Report year data are used by claims personnel. Claims department efficiency is often 
measured by the lag between report and settlement of the claim. 

ILLUSTRATION: DATE TYPES 

The Part 6 triangles incorporate the effects of accrued retrospective premium estimates and 
the changes over time in these estimates. Some users of Schedule P are not aware that 
these estimates are included, and they mistakenly presume that the premium development 
patterns should reflect the progression of billed premiums. 

Part 6 shows eamed premium triangles; Part 7 shows both earned premium triangles and 
premium reserve triangles. Exposure year earned premiums are like accident year incurred 
losses, so Schedule P, Part 6 is the premium equivalent of the losses in Part 2. Accrued 
retrospective premium reserves and eamed but unbilled premium reserves are bulk reserves, 

80 The reconciliation is complicated by the differing treatments of loss adjustment expenses. In the 
historical triangles of Schedule P (Parts 2, 3, and 4), defense and cost containment adjustment expenses are 
combined with losses, and adjusting and other adjustment expenses are not shown. In the Underwriting and 
Investment Exhibit, loss adjustment Expenses are shown only in total (i.e., DCC + AAO), separate from losses. 
In addition, Schedule P is gross of reserve discounts, whereas the other statutory exhibits are net of discounts. 
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like the loss reserves in Schedule P, Part 4. The earned premiums minus the premium 
reserves equal the billed premiums, which are similar to the reported losses shown as the 
difference between Part 2 and Part 4. 

To highlight the effects of premium reserve estimates, we show the illustration in two parts. 
Part A assumes no estimates of IBNR losses, of future audits, or of accrued retrospective 
premiums. Part B includes these estimates. 

Part 6 shows exposure year triangles; Part 7 shows policy year triangles. The illustration in 
this section shows the derivation of both exposure year and policy year premiums. 

Illustration: A retrospectively rated annual workers' compensation policy is issued on October 
1,2003. The standard premium is $10,000, and the maximum premium is equal to 150% of 
the standard premium. The following transactions occur in this illustration: 

• One loss occurs on March 1,2004, with an initial reserve estimate of $8,000. 
• On December 15, 2004, the payroll audit indicates that an additional $1,000 of premium 

should be billed. The standard premium is now $11,000, and the maximum premium is 
changed to $16,500. 

• On November 1, 2005, the case reserve is revised to $25,000. 
• On July 1,2005, the first retrospective adjustment shows no additional or return premiums. 
• On July 1,2006, the second retrospective adjustment calls for an additional premium of 

$5,500. The $17,000 increase in the incurred losses results in only a $5,500 increase in 
the retrospective premium because of the premium maximum in the policy. 

The contract is loss-sensitive, so its premium and loss amounts appear in both Part 6 and 
Part 7. The appropriate earned premium and incurred loss figures are as follows. 

Calendar Year Accounting 

Calendar year incurred losses equal calendar year paid losses plus the change in the reserve 
from the beginning of the year to the end of the year. In this illustration, there are no paid 
losses, but there are reserve changes. 

• The 2003 incurred losses are zero. 
• The 2004 incurred losses are $8,000 - $0 = $8,000. 
• The 2005 incurred losses are $25,000 - $8,000 = $17,000. 

Calendar year earned premiums (Schedule P, Part 1) equals written premium minus the 
change in the unearned premium reserves. 

• The initial premium is split $2,500 for calendar year 2003 and $7,500 for calendar year 
2004, reflecting the pro-rata earning of premium over the coverage period. The calendar 
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year 2003 written premium is $10,000 and the unearned premium reserve at December 
31,2003, is $2,500, so the calendar year 2003 earned premium is $10,000- ($7,500 - 
$0) = $2,500. 

• The audit premium of $1,000 is recorded as 2004 earned premium when it is billed. This 
is the meaning of the statutory accounting dictum that"audit premiums are earned when 
written." This dictum is correct when there are no estimates of future audits or when these 
estimates are not being considered. 

• In practice, earned but unbilled premium reserves and accrued retrospective premium 
reserves are bulk reserves, set by the actuary. The audit premiums are earned in the 
accounting period when they are written. The decrease in the premium reserve is a 
negative earned premium in the period when the reserves are taken down. 

• The retrospective premium of $5,500 is recorded as 2006 earned premium when it is 
billed. 

This accounting treatment presumes that the premiums resulting from the exposure audit and 
the retrospective adjustment are unanticipated, and that the increase in losses is not 
anticipated in the IBNR reserve. If reserves are held for eamed but unbilled (EBUB) premiums 
or accrued retrospective premiums, the accounting is different; see the discussion below. 

Policy Year Accounting 

Policy year incurred losses (Schedule P, Part 7, Section 2) are allocated to the effective date 
of the policy, regardless of the dates of loss occurrence or reporting. 

• At December 31,2003, policy year 2003 incurred losses are zero. 
• At December 31,2004, policy year 2003 incurred losses are $8,000. 
• At December 31,2005, policy year 2003 incurred losses are $25,000. 

Policy year earned premium (Schedule P, Part 7, Section 4) is allocated to the effective date 
of the policy. 

• At December 31,2003, the (estimated ultimate) 2003 earned premiums are $10,000. 
Only ¼ of the premium has been eamed by December 31, so the policy year 2003 eamed 
premium as of December 31,2003 is $2,500. 

• AtDecember31,2004,therevised2003eamedpremiumsare$11,000(writtenpremium 
plus audit). The 2004 eamed premiums (from this policy) are zero. All premium is coded 
to policy year 2003, regardless of when the premium is billed. At December 31,2005, the 
policy year 2003 earned premium is still $11,000. 

• At December 31,2006, the revised 2003 earned premiums are $16,500 (written premium 
plus audit plus retrospective premium); the 2004, 2005, and 2006 earned premiums (from 
this policy) are zero. 

Accident/Exposure Year Accounting 
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Accident year incurred losses (Schedule P, Parts 1,2, 3, and 4) are coded to the date the loss 
occurrs (for occurrence policies) orto the date the loss is reported (for claims-made policies). 

• At December 31,2003, accident year 2003 incurred losses are zero. 
• AtDecember31,2004, accidentyear2003incurredlossesarezero, andaccidentyear 

2004 incurred losses are $8,000. 
• At December31,2005, accident year2003 incurred losses are zero; accident year 2004 

incurred losses are $25,000; and accident year 2005 incurred losses are zero. 

Exposure year eamed premiums (Schedule P, Part 6) are similar to accident year incurred 
losses. The eamed premium is allocated by year based on the exposures in each year. 

• At December 31,2003, exposure year 2003 eamed premiums are $2,500. If there are 
audits or retrospective adjustments in 2003 relating to policies that were issued and 
earned in previous years, they are coded as exposure year premium (for Part 6) or as 
policy year premium (for Part 7) relating to earlier years. 

• AtSeptember31,2004,exposureyear2003eamedpremiumsare$2,500andexposure 
year 2004 eamed premiums are $7,500. The December 15, 2004 audit is distributed 
over the policy term, so on December 31,2004, the exposure year 2003 earned premiums 
are $2,750, and the exposure year 2004 earned premiums are $8,250 

• The $5,500 retrospective premium stems from a March 2004 loss, and one might 
presume that it should be coded to exposure year 2004. In practice, it is too complex to 
allocate retrospective premiums to exposure years based on the accidents which led to 
the premiums, s~ Instead, the retrospective premiums are allocated to exposure years as 
the audit premiums are allocated (in proportion to the coverage period): $1,375 to 
exposure year 2003 and $4,125 to exposure year 2004. 

We will incorporate premium and loss reserves in this illustration after explaining the statutory 
accounting rules for exposure year premiums. 

ACCOUN~NG FOR EXPOSURE YEAR PREMIUMS 

Part 6 shows premium development triangles separately for direct plus assumed business 
(Section 1) and for ceded business (Section 2). Net premium development is the difference 
between these two triangles. Direct plus assumed business is shown separately from ceded 
business since audit premiums and accrued retrospective premiums are more easily and 
accurately recorded for direct premiums than for ceded premiums. 

81 In addition, the maximum premium caps the full policy year retrospective premium. It would be difficult 
to spread this cap by exposure year. 
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The historical loss triangles in Parts 2, 3, and 4 show net  losses. For companies with 
significant reinsurance transactions, one must take care to compare net losses with net 
premiums. This is particularly true if there have been material changes in the ceded 
reinsurance arrangements during the historical period. 

The accounting rules for Schedule P, Part 6 are as follows: 

1. The individual exposure years showcumulative earned premiums. The eamed premiums 
include (i) collected premiums, (ii) billed but uncollected premiums, (iii) eamed but unbilled 
premiums, and (iv) accrued retrospective premiums. Only the earned portion of these 
components is included in the Part 6 exhibits. 

I l lustration: A policy is written on July 1,20XX for a written premium of $10,000. On 
December 31, 20XX, the actuary expects a final audit premium to be billed around 
September 20XX+I for $2,000. The 20XX earned premium is 

50% x $10,000 + 50% x $2,000 = $6,000. 

2. The "prior years" row shows i nc rementa lca lendaryearchangesto  the eamed premium 
for the prior exposure years. The Part 6 exhibits are like the Part 5 exhibits in this respect, 
not like the Part 3 exhibits. 

I l lustration: The cumulative earned premiums at December 31,2009, are $20 million 
apiece for exposure years 2000 and 2001. In 2010, there is an unanticipated 
retrospective adjustment of +$20,000 for an annual policy with a July 1,2000, effective 
date. No other calendar year 2010 retrospective adjustments affect any exposure years 
2001 and prior. 

For the 2010 Schedule P, column 10 of Part 6 shows (i) the cumulative total for the 
individual exposure years 2001 through 2010, and (ii) the calendar year transactions for 
exposure years 2000 and prior. The +$20,000 retrospective adjustment is divided evenly 
between exposure year 2000 and exposure year 2001, since the policy was in force from 
July 1,2000 through June 30, 2001. Exposure year 2001 shows $20,010,000 in row 2, 
column 10, of Part 6. The prior year figure in row 1, column 10 is $10,000. 

3. For all but the current calendar year, earned premiums need be distributed only to 
exposure years 1993 and subsequent. The distribution for earlier exposure years may 
be shown if the company desires and has the data. This rule becomes moot for the 2003 
and subsequent Annual Statements; for most companies, it is no longer material for the 
2001 and 2002 Annual Statements as well. 

4. The distribution of the current calendar year's earned premiums to all exposure years 
(including the "prior years" row) is shown in column 11 of Part 6, to facilitate the 
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reconciliation with calendar year earned premiums. The entries in this column are 
incremental figures, not cumulative figures. The reconciliation procedure is explained 
below. 

5. The final row of the Part 6 exhibits shows the Schedule P, Part 1 calendar year eamed 
premiums. This facilitates the reconciliation of exposure year earned premiums with 
calendar year earned premiums. 

To clarify the contents of the historical premium triangles in Part 6 and Part 7 of Schedule P, 
we show first a simple example of earned but unbilled premium and accrued retrospective 
premium, followed by the complete illustration of calendar year, exposure year, and policy year 
premiums that we began earlier. 

Part 6 Illustration 

A company issues a retrospect ively rated workers' compensation policy with a deposit 
premium of $100,000 on January 1,20XX. This illustration is deliberately simplified, so that 
the exposure year is the same as the policy year. Several large losses occur in 20XX. On 
December 31, 20XX, the company expects to collect an additional $40,000 in future 
retrospective adjustments, and it puts up an accrued retrospective premium asset (or 
contra-liabUity) of $40,000. 

The company can collect additional premium only for reported losses, not for IBNR losses or 
for expected development on known claims. At the first retrospective adjustment on July 1, 
20XX+I, the company collects $30,000 from the insured employer and reduces the accrued 
retrospective premium reserve to $10,000. 

During the third quarter of 20XX+I, there is unexpectedly high development on the reported 
claims. By December 31,20XX+I, the company raises the accrued retrospective premium 
reserve to $20,000. 

The reporting in Parts 6 and 7 of Schedule P is as follows: 

A. The 20XX exposure year eamed premium in Part 6, as well as the 20XX policy year 
earned premium in Part 7, Section 4 is the written premium minus the change in the 
unearned premium reserve. The accrued retrospective premium reserve is a contra- 
liability, which went from $0 on January 1 to $40,000 on December 31. The 20XX earned 
premium is 

$100,000 - ( - $40 ,000  - $0) = $140,000. 
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B. The "net reserve for premium adjustments and accrued retrospective premiums at year 
end" in Section 5 of Schedule P, Part 7 shows the contra-liabilities as positive figures. 
The figure for policy year 20XX is $40,000 at December 31,20XX. 

C. In calendar year 20XX+I, Parts 6 and 7 of Schedule P show cumulative figures. The 
cumulative 20XX earned premium is the $130,000 paid plus the $20,000 remaining 
reserve, or $150,000. 

An alternative view is helpful for the reconciliation with calendar year eamed premium. The 
20XX+I calendar year earned premium is the written premium minus the change in 
reserves, or $30,000 - [-$20,000 - (-$40,000)] = $10,000. 

This $10,000 is added to the $140,000 exposure year 20XX earned premium at 
December 31,20XX to give a cumulative amount of $150,000 at December 31,20XX+I. 

D. The "net reserve for premium adjustments and accrued retrospective premiums at year 
end" in Section 5 of Schedule P, Part 7 for policy year 20XX at December 31,20XX+I 
is $20,000. 

ACTUARIAL ESTIMATES 

As a final illustration, we rework the example presented earlier in this section, using the 
company's estimates of earned but unbilled premiums and accrued retrospective premiums. 

A retrospectively rated annual workers' compensation policy is issued on October 1,2003. 
The standard premium is $10,000, and the maximum premium is equal to 150% of the 
standard premium. The following transactions occur in this illustration: 

• On December 31,2003, the reserving actuary estimates that the payroll audit at policy 
expiration will add $2,000 of premium. 

• One loss occurs on March 1,2004, with an initial reserve estimate of $8,000. 
• On December 15, 2004, the payroll audit indicates that an additional $1,000 of premium 

should be billed. The standard premium is now $11,000, and the maximum premium is 
changed to $16,500. 

• On December 31,2004, the reserving actuary estimates bulk reserves for this policy of 
$6,000; this is primarily adverse development on known claims. The actuary also 
estimates an accrued retrospective premium reserve of $4,000. 

• On July 1,2005, the first retrospective adjustment shows no additional or return premiums. 
• On November 1,2005, the case reserve is revised to $25,000. On December 1,2005, 

the claim is settled for $25,000. 
• On December 31,2005, the reserving actuary, using an aggregate bulk reserving method, 

changes the accrued retrospective premium reserve to $12,000. 
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On July 1,2006, the second retrospective adjustment calls for an additional premium of 
$5,500. The $17,000 increase in the incurred losses results in only a $5,500 increase in 
the retrospective premium because of the premium maximum in the policy. 

In this illustration, we speak of the reserving actuary developing reserve indications for a single 
policy or for a single claim. In practice, this is rarely done. The reserve indications are based 
on aggregate data. They are estimated for accident years or policy years, not for individual 
claims or policies. 

The illustration is heuristic. We show the component pieces of paid amounts, case reserves, 
and bulk reserves to clarify the statutory accounting principles. The accrued retrospective 
premium reserve of December 31,2005 is an example of this. The reserving actuary used 
an aggregate reserving method, whereby the premium reserve is about % of the bulk loss 
reserve. Had the actuary used a per policy reserving method, the premium reserve would 
have been capped at $5,500. 

Est imated Payrol l  Aud i t  

The actuary's estimate of the eamed but unbilled premium is included in the eamed premium 
for the year. At December 31,2003, the estimated earned premium for the policy is $10,000 
deposit premium + $2,000 audit premium = $12,000. One quarter of the policy has been 
earned by December 31, so the 2003 earned premium is $3,000. The expected earned 
premium for 2004, as of December 31,2003, is $9,000. 

On September 30, 2004, the policy expires. The additional $9,000 of eamed premium is 
charged to calendar year 2004 earned premium, exposure year 2004 earned premium, and 
policy year 2003 earned premium. 

On December 15, 2004, the payroll audit yields only $1,000, not $2,000. The net eamed 
premium from the payroll audit is the billed premium plus the change in reserve, = or 

$1,000 + ($0 - $2,000) = --$1,000. 

• For calendar year earned premiums, the net eamed premium from the payroll audit of 
-$1,000 is allocated to 2004. 

• For policy year earned premiums, the net earned premium from the payroll audit of 
-$1,000 is allocated to 2003. 

• For exposure year earned premiums, the net earned premium from the payroll audit of 
-$1,000 is allocated ¼ to 2003 and 3/~ to 2004. 

• z We refer to the premium asset as the reserve, as is common practice in the industry. Were we to 
speak of the premium liability as the reserve, the eamed premium would be the billed premium minus the 
change in the reserve. 
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ESTIMATED RETROSPECTIVE PREMIUMS 

The same procedure is used for all other bulk reserves. 

On December 31,2004, the bulk reserves for this policy are $6,000 for losses and $4,000 for 
premiums. The actuary is using an aggregate premium reserving method with a ~3 sensitivity 
factor. 

For calendar year accounting, both the bulk reserve for losses and the bulk reserve for 
premiums are assigned to 2004. 
For policy year accounting, both the bulk reserve for losses and the bulk reserve for 
premiums are assigned to 2003. 
For accident year accounting, the bulk reserves for losses are assigned to 2004. 
For exposure year accounting, the ¼ of the bulk reserve for 3remiums is assigned to 2003 
and % is assigned to 2004. 

On December 31,2005, the bulk reserve for premiums is revised to $12,000. The change 
in the bulk reserve is $12,000- $4,000 = $8,000. This is assigned to calendar year 2005 and 
to policy year 2003. For exposure year accounting, ¼ is assigned to 2003 and 3A is assigned 
to 2004. 

On July 1,2006, the bulk reserve for premiums is changed to a billed premium of $5,500. The 
net earned premium resulting from the retrospective adjustment is 

$5,500 + ($0- $12,000) =-$6,500. 

This net earned premium is assigned to calendar year 2006 and to policy year 2003. For 
exposure year accounting, ¼ is assigned to 2003 and 3,~ is assigned to 2004. 

COMPLETING THE PART 6 EXHIBITS 

An illustration should help clarify the reporting of premiums in Part 6 and the reconciliation with 
Part 1. Since the earned premium entries include the earned but unbilled premium and 
accrued retrospective premium reserves, a company which sets reserves accurately should 
show little development along the rows. Upward development indicates conservatism; 
downward development indicates over-optimistic reserves. 
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Exhibit 6. I: 20)(9 Schedule P, Part 6 

Part 6 20x0 20Xl 20x2 20X3  20x4 20X5  20x6 20x7 20X8  20X9 (A)* 

prior 25 15 10 8 6 5 4 4 3 3 3 

20X0 500 480 485 488 490 495 495 497 498 499 1 

20X1 520 525 523 520 530 540 538 540 542 2 

i20X2 550 555 555 560 555 550 552 555 3 

20X3 580 585 590 592 595 595 1597 2 

20X4 620 630 700 690 700 700 0 

20X5 700 710 720 720 730 10 

20X6 750 750 740 760 20 

20X7 800 820 810 -10 

20X8 850 860 10 

20X9 900 900 

(B)** 525 515 570 594 630 740 841 802 878 941 941 

* "A" = "Current Year Premiums Earned" 
. . . .  B" = "Earned premiums, Schedule P, Part 1" 

The final row in the exhibit shows the calendar year earned premiums from Schedule P, Part 
1, column 2 (direct plus assumed eamed premiums). Consider calendar year 20X4. Of the 
$630,000 in earned premium, $620,000 is allocated to exposure year 20X4. $5,000 is 
allocated to exposure year 20X3, which is the difference between the cumulative figures of 
$585,000 and $580,000. A negative $3,000 is allocated to exposure year 20X1; in other 
words, the take down in the accrued retrospective premium reserve for exposure year 20X1 
between 12/31/20X3 and 12/31/20X4 exceeded the additional premiums collected in this 
period for exposure year 20X1. 

For the prior years row, the Part 6 entries are the incremental values themselves. The 
reconciliation is as follows: 

The calendar year "X" earned premium = 
the sum of the calendar year "X" column entries for individual exposure years 
the sum of the calendar year " (X- l ) "  column entries for individual exposure years 
the calendar year "X" entry for the "prior years" row. 

This reconciliation is possible only if the company shows entries for all exposure years. If 
entries are shown only for exposure years 1993 and subsequent, then any changes in eamed 
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premium associated with previous exposure years simply disappear. The right-most column 
in the exhibit shows incremental premium changes for all exposure years during the current 
calendar year, to enable a reconciliation with the current calendar year earned premium. 

Approximations 

Part 6 is similar to Part 2; both show development of incurred amounts. In Part 2, however, 
payments and case reserves are related to particular losses, which are associated with 
specific accident years. Similarly, bulk reserves are generally determined by the development 
of accident year paid losses or reported losses, so bulk reserves also relate to specific 
accident years. 

Retum premium and additional premiums are associated with policies. The earned but 
unbilled premium reserves and the accrued retrospective premium reserves are generally 
determined from policy year triangles, not exposure year triangles. Most companies will 
convert the return premiums, additional premium collections, and reserve changes from a 
policy year basis to an exposure year basis by approximations. Nevertheless, since the 
primary purpose of Part 6 is to allow the computation of accurate exposu re/accident year loss 
ratios, Part 6 uses exposure years, not policy years. 
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Part 7 - Loss Sensit ive Contracts 

Parts 1 through 6 of Schedule P were designed to monitor loss reserve adequacy. Part 7 was 
designed by the American Academy of Actuaries Task Force on Risk-Based Capital (RBC), 
and it has two purposes: (i) to determine the company's percentage of written premium and 
of reserves related to loss-sensitive contracts, and (ii) to determine the sensitivity of premiums 
and of reinsurance commissions to losses on these contracts. 

• Parts 1 through 6 show experience on the company's entire book of business. Part 7 
shows experience on loss sensitive contracts only. 

Part 7 is optional. It must be completed only if the company claims a reduction for loss 
sensitive contracts in its risk-based capital reserving risk charge or written premium risk 
charge. All other exhibits in Schedule P must be completed by all companies. 

Parts 1 through 6 show data by line of business. Section 1 of Part 7A and Part 7B use the 
same subdivision by line of business. Sections 2 through 5 of Part 7A and sections 2 
through 7 of Part 7B are on an all lines combined basis. Loss sensitive contracts sold to 
large accounts often combine several lines of business, and it might be difficult to separate 
the premium sensitivity by line. 

The losses and claim counts in Parts 1 through 5 are on an accident year basis, and the 
earned premiums in Part 6 are on an exposure year basis. Accident year and exposure 
year are equivalent data types, though the former refers to losses or claims and the latter 
refers to premiums. The losses and premiums in Part 7 are on a policy year basis. No 
other exhibit in the Annual Statement is on a policy year basis. 83 

e Part 7A shows net experience on primary loss-sensitive contracts, and Part 7B shows net 
experience on reinsurance loss-sensitive contracts. The direct business is shown 
separately from the reinsured business because the RBC loss sensitive contract offset is 
30% for primary policies and 15% for reinsurance treaties. The rationale for this difference 
is that workers' compensation retrospectively rated policies often have wider swings than 
sliding scale commissions have on reinsurance treaties. 

83 Premium sensitivity is dependent on the retrospective rating plan parameters, which are analyzed on 
a policy year basis; see the "formula approach" in Teng and Perkins [1996]. 
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RBC UNDERWRITING RISK CHARGES 

For most companies, the reserving risk charge (R4) and the written premium risk charge (Rs) 
contribute the largest portions of total capital requirements. The risk-based capital formula 
provides a reduction in these charges for business written on loss sensitive contracts. 

The reserving risk charge is the amount of capital needed to guard against unanticipated 
adverse development on existing reserves in a"worst case" scenario. The risk-based capital 
formula determines the worst case scenario based on industry-wide Schedule P experience 
from 1983 through 1992. The capital needed is reduced for the expected investment income 
on the assets backing the loss reserves. 

Illustration: Based on historical industry-wide Schedule P data from 1983 through 1992, the 
'risk-based capital formula estimates that workers' compensation loss reserves may develop 
adversely by 27.3% in a worst case scenario. The average discount factor for workers' 
compensation loss reserves in the risk-based capital formula is 87.2%. 

In a worst case scenario, $100 of workers' compensation loss reserves may develop into 
$127.30 of paid losses. The assets needed now to fund $127.30 when the losses are paid 
equal $127.30 x 87.2% = $111.01. The reserving risk charge for workers' compensation 
is 11.0% of the held reserves. 

Premium Sensitivity 

If the workers' compensation policy is retrospectively rated - that is, the policy is a loss 
sensitive contract- the adverse development on loss reserves is at least partially offset by 
additional premium. Less capital is needed to guard against a worst case scenario. 

Illustration: Suppose that for each dollar of additional loss, the insurer expects 40¢ of 
additional premium (retrospective premium credits). If $100 of loss reserves develops into 
$127.30 of paid losses, the insurer expects to collect additional premium of $27.30 x 40% 
= $10.92. The insurer needs $11.01 - $10.92 = $0.09 of capital for adverse development 
on a dollar of held reserves. 

The sensitivity of retrospective premiums to losses varies widely among retrospectively rated 
policies. The retrospective rating formula itself generally has a sensitivity of at least unity. A 
dollar of loss may lead to a $1.10 or $1.15 of retrospective premium, where the extra ten or 
fifteen cents covers loss adjustment expenses and other loss related charges, such as state 
premium taxes and involuntary market burdens. 

In practice, losses are capped in most retrospective rating plans, and retrospective premiums 
are limited by a maximum. The actual premium sensitivity depends on the parameters of the 
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retrospective rating plan, the shape of the insured's size-of-loss distribution, and the amount 
of the standard premium. 

The premium sensitivity also depends on the maturity of the losses. The first losses to be 
reported are rarely capped, and the insured generally has not reached the maximum premium. 
The premium sensitivity is about unity. In contrast, adverse development on mature loss 
reserves generally occurs on large losses, which may have already been capped by the 
parameters of the retrospective rating plan. In a worst case scenario, the insured may also 
have reached the maximum premium. The premium sensiUvity may be quite low, such as 20¢ 
or 30¢ for each additional dollar of loss reported. ~ 

In 1993, the NAIC Working Group on Risk-Based Capital decided on conservative levels of 
premium sensitivity: 30% for primary contracts and 15% for reinsurance contracts. Companies 
which write retrospectively rated workers' compensation policies for large accounts have 
argued that the premium sensitivity on their books of business is significantly greater. ~ 
Sections 2 through 5 of Schedule P, Part 7A, and section 2 through 7 of Schedule P, Part 7B, 
are designed to provide the data for more accurate estimates of premium sensitivity. 

LOSS RESERVE ADEQUACY AND RBC OFFSETS 

Schedule P, Part 7 is not related to the earlier parts of Schedule P. The ostensible reasons 
for the inclusion of the loss sensitive contracts exhibits in Schedule P are that 

• The risk-based capital underwriting dsk charges use the Schedule P line division, and the 
RBC loss sensitive contract offset uses the same line division. 

• Premium sensitivity relates to reserve development, which is the subject matter of 
Schedule P. 

The historical motivation for including these exhibits in Schedule P was more direct. The 
NAIC was concerned that companies might not properly classify their contracts if they report 
the figures in the risk-based capital submission. Companies would be less likely to classify 

For discussions of premium sensitivity and its determinants, see Bender [1994], Mahler [1996], Teng 
and Perkins [1996], and Feldblum [1997: PDLD]. 

85 The premium sensitivity depends on the types of plans sold by the insurance company. For a workers' 
compensation carrier selling wide-swing plans to large accounts, the sensitivity may be between 80% and 85% 
for the written premium risk loss sensitive contract offset and between 60% and 65% for the reserving risk loss 
sensitive contract offset. For a company selling narrow swing plans to small risks, the offsets are much 
smaller. For an analysis of premium sensitivity on plans sold to small accounts, see Bender [1994] and the 
discussion by Mahler. 
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a contract as loss sensitive if in fact it were not loss sensitive if the reporting were in Schedule 
P, since most companies treat the Schedule P submission with more care and diligence. ~ 

PREMIUMS, COMMISSIONS, DIVIDENDS 

Loss sensitive contracts are of three types: 

• For retrospectively rated primary contracts, the final premium depends on the losses 
incurred by the insured, subject to loss limits and premium maximums and minimums. 

• For sliding scale reinsurance treaties, the reinsurance commission depends on the loss 
ratio experienced on the assumed book of business, subject to a maximum and minimum 
(see Clark [1996]). 

• For many policyholder-dividend plans, the dividend payable to each insured depends on 
that insured's loss ratio or on the loss ratio of a classification group. 

The risk-based capital principles are as follows: 

• If the premium varies with losses and is sufficiently responsive, the policy is considered 
"loss sensitive." 

• If the pdmary policy's commission varies with losses (e.g., contingent commissions), the 
policy is not considered a loss sensitive contract. Contingent commissions on direct 
business generally have narrow swings, so the sensitivity to losses is limited. 

• If the reinsurance treaty's commission varies with losses (e.g., sliding scale commissions), 
the policy may be considered a loss sensitive contract. However, since the average 
responsiveness of reinsurance commissions and premiums to losses differs from the 
average responsiveness of primary premiums to losses, separate offsets are used for 
direct and for assumed business, and separate Part 7 exhibits are shown for primary 
business and for reinsurance contracts. 

• Varying dividend rates do not make a policy loss sensitive. Policyholder dividends are 
generally optional, not contractual. 

DEFINITION OF LOSS-SENSITIVE CONTRACTS 

The risk-based capital underwriting risk factors are applied to loss reserves and to written 
premium, so Section 1 of Parts 7A and 7B determines the percentage of loss reserves and 
of written premium by line of business that relates to loss-sensitive business. Since the 
risk-based capital requirements are lower for loss-sensitive business, distressed companies 
have an incentive to classify their business as loss-sensitive, even if the loss-sensitivity is 

The inability to reconcile the Part 7 data with other statutory exhibits make regulators especially 
uneasy. Vincent Laurenzano, in particular, advocated the inclusion of these exhibits in Schedule P to ensure 
the accuracy of the figures. 
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minimal. To prevent such abuse, a contract must fulfill the following six criteria to be classified 
as loss-sensitive: 

1. An increase in losses can lead to an increase in net payment for that policy. If the loss 
sensitive item is not a monetary transaction, the contract is not loss sensitive. 

2. The loss sensitive payment must be at least 75% of the loss on primary business and at 
least 50% of the loss on reinsurance treaties before the application of any limits. In other 
words, if losses on a retrospectively rated workers' compensation policy increase by 
$10,000, the retrospective premium must increase by at least $7,500 before the 
application of loss limits or maximum premium caps. 

3. Maximum and minimum premiums, loss limits, and upper and lower bounds on the 
reinsurance commission may constrain an otherwise "loss sensitive" contract. For a 
contract to be classified as loss sensitive, the "swing" of the plan must be at least 20% for 
primary business and 10% for reinsurance treaties. The net amount payable when the loss 
experience is the worst possible must be at least 20% greater than the net amount 
payable when the loss experience is the best possible. 

Illustration: A retrospectively rated workers' compensation policy with a minimum 
premium of $9,000 and a maximum premium of $10,000 would not qualify as loss 
sensitive. 

4. The maximum net payment must be at least 15% greater than the expected net payment 
for primary business and at least 7.5% greater than the expected net payment for 
reinsurance treaties. 

Illustration: A retrospectively rated workers' compensation policy with a minimum 
premium of $5,000, an expected premium of $10,000, and a maximum premium of 
$11,000 does not qualify as loss sensitive. 

5. The loss sensitive payments must be either premiums orcommissions. A policywith loss 
sensitive policyholder dividends does not quality as "loss sensitive." 

6. The losses and the corresponding loss sensitive payments must flow through the income 
statement and the balance sheet. 

Illustration: A workers' compensation policy has a large dollar deductible of $100,000. 
For losses below $100,000, the insurance company settles the claims and pays the 
benefits, but the insured reimburses the insurer for these payments. One might 
characterize this policy as loss sensitive, since the greater the losses paid by the insurer, 
the greater the payments made by the insured. However, these amounts do not flow 
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through the income statement as incurred losses and as premiums, so the contract does 
not qualify as loss sensitive. 

PART 7 HISTORICAL EXHIBITS 

The Part 7 historical exhibits provide the historical data to quantify the sensitivity of premiums 
and reinsurance commissions to losses on an all-lines combined basis. These are Sections 
2 through 5 for primary contracts and Sections 2 through 7 for reinsurance contracts. 

• Sections 2 and 3 show incurred losses and bulk + IBNR loss reserves. They are similar 
to the Part 2 and Part 4 exhibits, except that the experience is subdivided by policy year, 
not by accident year. 

• Section 4 shows earned premiums. It is similar to Part 6, except that policy year 
exper ience is shown, not exposure year  experience. For the prior years row, see below. 

Section 5 shows bulk premium reserves. In general, companies do not hold "case basis" 
premium reserves. They hold "policy basis" unearned premium reserves reflecting the 
actual premiums they have recorded as written on each policy. Bulk premium reserves are 
the equivalent of the Section 3 bulk loss reserves, reflecting additional premiums (positive 
or negative) anticipated due to audits and other retrospective adjustments. 

• Sections 6 and 7 of Part 7B show reinsurance commission exhibits. These sections are 
similar to the premium exhibits in Sections 4 and 5. 

The premium and loss triangles show cumulative values. 87 

87 Some analysts have construed the Annual Statement Instructions to imply that the commission 
triangles show incremental values. 

For earned premiums, the Instructions say: 

Each reported estimate should be the estimate of the net earned premium as of each year-end, not the 
incremental amounts eamed during each calendar year. 

For the commission triangles (Part 7B, Sections 6 and 7), the Instructions say: 

An entry denoting the expectation of future additional commissions to be paid should be displayed as a 
negative value. An entry denoting the expectation of future earned commissions should be displayed as 
a positive value. 

It is likely that the NAIC intended no difference between the premium and commission triangles. The 
Instructions mean that an expectation of future additional commissions to be paid should be displayed as a 
negative value in the bulk commission reserve, just as expectation of future premiums to be returned are 
displayed as negative values in the bulk premium reserve. The full text of the Annual Statement Instructions 
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PREMIUM SENSITIVITY 

Sections 2 through 5 of Part 7A and sections 2 through 7 of Part 7B were designed to quantify 
premium sensitivity. = We explain the intended use of these exhibits. 

The risk-based capital reserving risk charge is based on the loss reserves- both case basis 
reserves and bulk + IBNR reserves- shown by the company's Schedule P, Part 2 minus Part 
3, The reserving risk charge quantifies how much these reserves might develop adversely in 
a worst-case scenario. The loss sensitive contract offset factor quantifies how much 
additional premium would be expected if reserves develop adversely in this fashion. 

I l lus t ra t ion  - P r e m i u m  Sens i t iv i ty  

Illustration: The exhibits below show extracts from Schedule P, Part 7A, sections 2 through 
5 (figures are in thousands of dollars). The actual exhibits contain ten policy years by ten 
development periods, but these extracts suffice to illustrate the quantification techniques. We 
quantify the premium responsiveness from 24 to 36 months and from 36 to 48 months. 

Exhibit 7. I: Incurred Loss and DCC on Loss-Sensitive Contracts 

Section 2 20X4 20X5 20X6 20X7 

20X4 $1,000 $2,200 $2,400 $2,500 

20X5 $1,100 $2,500 $2,650 

20X6 $1,200 $3,000 

20X7 $1,500 

makes this clear: 

In Part 7B of Schedule P, for all reinsurance contracts where the commission paid to the cedant varies with 
losses, display the development of that commission in Section 6 and display any assets or liabilities 
accrued with respect to that commission in Section 7. An entry denoting the expectation of future 
additional commissions to be paid should be displayed as a negative value. An entry denoting the 
expectation of future earned commissions should be displayed as a positive value. An entry denoting the 
expectation of future return commissions should be displayed as a positive value. 

Although some readers of the Annual Statement Instructions perceive a difference between the premium and 
commission triangles, we do not see this difference. We advise companies to treat premiums and 
commissions in the same fashion. 

The term "premium sensitivity," as used in this paper, stems from the term "loss-sensitive contracts." 
Other actuaries use the term =premium responsiveness" to refer to the same phenomenon. 
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Exh~ff ~2:IBNRplus BulkLoss andDCCon Loss-Sensitive Contrac~ 

Section 3 20X4 20X5 20X6 20X7 

20X4 $350 $550 $300 $200 

20X5 $400 $600 $450 

20X6 $450 $650 

20X7 $500 

E x h ~  ~3:Earned Premium on Loss-Sensitive Contrac~ 

Se~ion 4 20X4 20X5 20X6 20X7 

20X4 $1,500 $3,150 $3,300 $3,350 

20X5 $1,650 $3,600 $3,700 

20X6 $1,800 $4,200 

20X7 $2,000 

Exhibit ~4:Accrued Retro~ ~ec~ve Premiums on Loss-Sensitive Contrac~ 

Section 5 20X4 20X5 20X6 20X7 

20X4 $0 $200 $150 $110 

20X5 $0 $210 $155 

20X6 $0 $220 

20X7 $0 

PART 7 DATA 

These exhibits show policy year data, not accident year losses (as in Parts 2, 3, and 4 of 
Schedule P) or exposure year premiums (as in Part 6 of Schedule P). For each policy year 
in Section 2 of Part 7, the incurred losses as of 24 months are about twice the incurred losses 
as of 12 months. 

The policy year 20X4 incurred losses as of 12 months are those losses on policies written in 
20X4 that have occurred by December 31,20X4. These are about half the policy year 20X4 
losses, if policies are written evenly over the course of the year. By December 31,20X5, all 
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of the pol icy year  20X4 losses have occurred (though they have not necessari ly all been 
reported by this time), so the 24 month figure is about  twice as great as the 12 month f igure.= 

The same comments about losses are true for Section 4, which shows the policy year eamed 
premiums. By the end of the policy year, all the premiums have been written (though not 
necessari ly col lected yet), but only about  half of these premiums have been earned. 

INITIAL DEPOSITS 

This example  assumes that the initial wdtten premiums are the est imated ult imate net 
premiums. We have done this for heuristic purposes, to simplify the expected cash flows. 
Al though this is somet imes true, it is not always standard practice, for several reasons: 

• Payrof l  and  sales est imates: Some insureds provide understated payroll or sales 
project ions to lower the deposi t  premiums. 

• Compet i t ion: Insurers tend to accept understated exposure est imates to keep their 
deposi t  premiums competit ive. For Schedule P, Part 7 the reporting company should use 
the est imated ult imate premium (not the premium used by the underwriter). 

• Taxes: Companies may book a low written premium est imate to defer state premium 
taxes or federal  income taxes. 9° State premium taxes are based on direct written 
premiums. The tax liability is not incurred until the company records the written premium. 

If the initial writ ten premium is the est imated ult imate net premium, there is no retrospective 
premium reserve at policy inception. At the first retrospective adjustment, some premiums 
are returned to policyholders, since not all losses have yet been recorded, even though the 
insurer expects some deve lopment  on the reported losses. The accrued retrospective 
premium asset becomes posit ive after the first adjustment. Forcompanies that charge initial 

89 The actual distribution of insurance policy effective dates for large commercial accounts is skewed. 
Many corporations align the policy years on their insurance contracts with their internal accounting fiscal years, 
so that they can close their books at the end of one fiscal year and begin new books at the start of a new fiscal 
year. Insurance policies for large commercial accounts tend to have effective dates of January I (corresponding 
to a January - December fiscal year) or another quarter beginning date. At times, an insured requests an 
effective date of December 31 for tax purposes, if there is reason to allocate the insurance premium to a 
previous tax year. 

9o Even though the company reports its best estimate of ultimate earned premium, the low written 
premium estimate affects taxable income through the revenue offset provision (see the Appendix on revenue 
offset). As of the January 5, 2000 Treasury regulations, this manner of reducing taxable income is no longer 
permissible. Many underwriters and actuaries and not yet aware of this change in the tax regulations, and they 
continue to provide low written premium estimates. This is acceptable for statutory accounting, as long as the 
eamed premium estimates are correct; see SSAP No. 53, "Property-casualty Contracts - Premiums." The 
company's tax officer, mindful of tax avoidance penalties, will "gross-up" the written premium, using the actuarial 
estimates of earned but unbilled premiums and accrued retrospective premiums. See Sarason, et al. [2002] 
for the tax regulations and Yoheved and Sarason [2002] for the statutory accounting rules. 
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premiums below the estimated ultimate net premium (for competitive reasons), the accrued 
retrospective premium asset will be positive from policy inception. 

QUANTIFYING THE SENSITIVITY 

The illustration is constructed to demonstrate the intended use of these exhibits. Consider first 
the premium sensitivity from 24 to 36 months. Only policy years 20X4 and 20X5 in the 
illustration are mature enough to show this sensitivity. For policy year 20)(4, losses develop 
from $2.20 million at 24 months to $2.40 million at 36 months, for a change of $0.20 million. 
Premiums develop from $3.15 million at 24 months to $3.30 million at 36 months, for a change 
of $0.15 million. The premium sensitivity is $0.15 million / $0.20 million, or 75%. 

For policy year 20X5, losses develop from $2.50 million at 24 months to $2.65 million at 36 
months, for a change of $0.15 million. Premiums develop frem $3.60 million at 24 months to 
$3.70 million at 36 months, for a change of $0.10 million. The premium sensitivity is $0.10 
million / $0.15 million, or 67%. 

As the estimated premium sensitivity from 24 months to 36 months, we might take the 
average of these two numbers. Alternatively, we might give more weight to the 20X5 policy 
year, parUculady if the rating plan parameters had changed in 20X5. 91 

For the premium sensitivity from 36 months to 48 months, only policy year 20X4 is sufficiently 
mature to provide the needed figures. Losses develop from $2.40 million at 36 months to 
$2.50 million at 48 months, for a change of $0.10 million. Premiums develop from $3.30 
million at 36 months to $3.35 million at 48 months, for a change of $0.05 million. The premium 
sensitivity is $0.05 million / $0.10 million, or 50%. 

This is consistent with the operation of loss sensitive contracts. As reserves mature, premium 
sensitivity declines, since more losses are censored by the loss limit and more premiums are 
capped by the premium maximum. In addition, some retrospective rating plans are closed 
at late maturities. 

This example was designed to illustrate the intended use of the Schedule P exhibits; it would 
rarely be encountered in practice. The incurred losses here develop smoothly upward, and 
the premiums followthem equally smoothly. A company which is well reserved should show 
flat incurred losses along development periods, and similarly flat earned premiums. The 
incurred losses in these triangles include IBNR and bulk reserves, and the earned premiums 

9~ The manner of selecting projected factors differs between loss reserving and premium sensitivity. Link 
ratios for loss emergence and settlement are largely beyond the insurer's control. The analyst may use a 
straight average or a weighted average of the observed link ratios. The factors for premium sensitivity depend 
on the plan parameters. If the lower sensitivity for the 20X5 policy year stems from a change in the plan 
parameters, the analyst may give dominant weight to the latest ratio. 
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include the accrued retrospective premium asset. The changes in incurred losses from period 
to period would be sometimes small and sometimes large, sometimes positive and 
sometimes negative, resulting primarily from random loss fluctuations. The changes in earned 
premiums from period to period would be equally variable, resulting again from random loss 
fluctuations as well as from censoring by loss limits and capping by the premium maximums. ~ 

A well-reserved company would have two sedes of variable figures with means of zero, since 
favorable and adverse development are equally likely. The ratios of these series will be even 
more variable- sometimes very high, sometimes very low, sometimes positive, sometimes 
negative. These ratios may not reveal much about premium sensitivity. In fact, aggregate 
industry statistics from these sections of Schedule P, Part 7 have not yielded meaningful 
figures for tests of premium sensitivity. 

Reported Losses end Billed Premium 

Premium sensitivity does not deal with the relationship of changes in total earned premium 
to changes in total incurred losses. Rather, it deals with the relationship of changes in billed 
premium to changes in reported losses. Schedule P, Part 7 allows this analysis as well. 

• Section 2 of Part 7 shows incurred losses, and Section 3 shows IBNR and bulk 
reserves. The difference between Sections 2 and 3 represents reported losses. 

• Section 4 shows total earned premiums, and Section 5 shows the net reserve for 
premium adjustments and accrued retrospective premiums. The difference between 
Sections 4 and 5 represents billed premium. 

We repeat the calculations for premium sensitivity using the simulated Schedule P, Part 7 
exhibits provided above. For the premium sensitivity from 24 months to 36 months, we have 
data from both policy year 20X4 and policy year 20X5. 

For policy year 20X4, reported losses develop from ($2.2 million - $0.55 million) = $1.65 
million at 24 months to ($2.4 million - $0.3 million) = $2.1 million at 36 months, for a change 
of $2.1 million - $1.65 million = $0.45 million. Billed premium develops from ($3.15 million 
- $0.2 million) = $2.95 million at 24 months to ($3.3 million - 0.15 million) = $3.15 million at 
36months, forachangeof$3.15million-$2.95million= $0.20 million. Premium sensitivity 
from 24 months to 36 months is $0.20 million / $0.45 million = 44.4%. 

The date of recognition of additional losses or additional accrued retrospective premium reserves would 
add to the variability in the two series of changes, one of incurred losses and one of earned premiums. The 
reserving actuary may recognize the potential increase in ultimate losses in one year, but may not book the 
corresponding increase in the accrued retrospective premium reserves until some time later. See the 
discussion below regarding the time lag between premiums and losses. 
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For policy year 20X5, reported losses develop from ($2.50 million - $0.60 million) = $1.90 
million at 24 months to ($2.65 million- 0.45 million) = $2.20 million at 36 months, for a change 
of $2.20 million - $1.90 million = $0.30 million. Billed premium develops from ($3.6 million 
- $0.21 million) = $3.39 million at 24 months to ($3.70 million - $0.155 million) = $3.545 
million at 36 months, for a change of $3.545 million- $3.39 million = $0.155 million. Premium 
sensitivity from 24 months to 36 months is $0.155 million / $0.30 million = 51.7%. 

Anticipated Emergence versus Unanticipated Development 

The risk-based capital reserving risk charge seeks to quantify the amount of capital needed 
to guard against unanticipated adverse development of loss reserves. If the company's 
reserves would develop adversely by $15 million in a "worst-case" (but still reasonable) 
scenario, the company should hold $15 million of capital to ensure its solvency. 

The figures calculated in the preceding section show the responsiveness of the retrospective 
premiums to the emergence of reported losses. They do not show the responsiveness of the 
retrospective premiums to the unanticipated adverse development of the incurred losses. 

Illustration: We are examining the premium sensitivity from 24 months to 36 months on 
a workers' compensation retrospectively rated book of business. The reported losses are 
$1 O0 million at 24 months, and the anticipated reported losses at 36 months are $120 
million. The expected ultimate losses are $150 million. 

Suppose we have estimated a historical premium sensitivity for this pedod of 50%. When 
reported losses increase by $20 million, the billed premium increases by $10 million (on 
average). We must infer the effects for large and unanticipated adverse loss development, 
as envisioned in the dsk-based capital "worst case year" scenado. For example, if the 
ultimate losses are re-estimated at $180 million at 36 months instead of $150 million, will 
the accrued retrospective premium asset increase by an additional $15 million, or 50% 
of the additional losses of $30 million? 

DECOMPOSITION OF ADVERSE DEVELOPMENT 

We decompose the development of reported losses from $100 million at 24 months to $120 
million at 36 months into two parts. 

• Some temporary cases last a few months longer, and some medical benefits cost more 
than expected. This development is =rateable," and premium sensitivity is high. 

• Some temporary total cases, such as lower back sprains, are reclassified into lifetime 
pension cases, when it becomes clear that the injured employee will not return to work. 
Only some of this development is =rateable." The rest of this development is truncated by 
the loss limits or the maximum premiums. 
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Large and unanticipated adverse loss development has a heavy proportion of this "non- 
rateable" element. The re-estimation of the ultimate losses from $150 million to $180 million 
may result from the reclassification of several back sprains as severe and permanent 
disabilities, or a judicial or legislative decision that certain disease claims are compensable. 
These claims are large and they are paid over a long period. A large part of these claims may 
not be rateable. 

The premium sensitivity depends on the maturity of the losses as well as on the average loss 
ratio in the block of business. The emergence of anticipated losses differs from the 
unanticipated adverse development of the expected losses in that 

• the anticipated losses are generally paid sooner than the unanticipated losses, and 
• the anticipated losses occur at a lower loss ratio than do the unanticipated losses. 

Since the anticipated losses are generally paid sooner and are generally in a lower loss ratio 
environment, they are associated with a stronger premium sensitivity. The figures derived 
from the historical triangles in Part 7 may not fully address the risk-based capital concerns. 

Premium Billing Lags 

When quantifying premium sensitivity, it is important to use corresponding premiums and 
losses. Premium billing occurs about 3 months after the retrospective adjustment. This 
implies that the premium billing lags the loss occurrence by 3 to 15 months. 

Illustration: A policy is effective from July 1, 20XX, through June 30, 20XX+I. 
Retrospective adjustments are done six months after the policy's expiration and every 12 
months subsequently. For this policy, the retrospective adjustments will be done on each 
January 1, starting with January 1, 20XX+2. The resulting retrospective premium 
adjustments are billed to the policyholder (or returned to the policyholder) on each April 1. 

Each retrospective premium is driven by losses that are reported between 15 months and 3 
months prior to the premium billing date. For this policy, losses that are reported between 
January 1 and December 31 affect the premium adjustment that will be billed on April 1. 

Illustration: The average lag between loss occurrence and premium billing is I/2 x (3+15) = 
9 months. If one does not use any lag, the results are distorted. To see this most clearly, 
suppose that 

• the retrospective premium billing is done on July 1, 
• all losses occur on July 1, 
• there is 100% premium responsiveness, and 
• the incurred losses altemate between $1,000 and $0 in succeeding years. 

512 



The Schedule P, Part 7, test of premium sensitivity would show the following: 

Exhibit 7.5: Premium Sensitivit 

Year 1 2 3 4 5 6 

Change in incurred losses $1,000 $0 $1,000 $0 $1,000 $0 

Change in billed premium $0 $1,000 $0 $1,000 $0 $1,000 

The premium billing shows up a year after the loss occurs. In truth, there is 100% premium 
sensitivity, but Schedule P, Part 7 shows a -100% premium sensitivity. ~ 

Simplistic tests of premium sensitivity may yield negative regression coefficients or seemingly 
random regression coefficients. The reserving actuary may think that the data are incorrect, 
when the problem is an improper matching of the premiums and losses. Actual examination 
of aggregate industry Schedule P, Part 7 data has not yielded meaningful information. 

Prior Years Row 

The Annual Statement Instructions comment on the data for the prior years rows in Sections 
2, 3, 4, and 5 of Part 7A and Part 7B as follows: 

[for losses:] The "prior" row should display the reported estimate of ultimate losses and 
defense and cost containment expense on a policy year basis for all policy years ten or 
more years older than the current policy year. 

[for premiums:] The "prior" row should display the reported estimate of net earned 
premium on a policy year basis for all policy years ten or more years older than the 
current policy year. 

These instructions do not make sense. Companies do not keep records of earned premiums 
and incurred losses on loss sensitive contracts written years ago. None of the Schedule P 
prior years rows asks for such data. The prior years rows use one of three types of data: 

The date of recognition of additional losses or additional accrued retrospective premium reserves would 
add to the variability in the two series of changes. The reserving actuary may recognize the potential increase 
in ultimate losses in one year, but may not book the corresponding increase in the accrued retrospective 
premium reserves until some time later. 

The actual calculations of the premium sensitivity use successive calendar years at the same adjustment date 
for successive blocks of business, not successive adjustments for a single block of business. The underlying 
concepts are the same, though the representation is more complex. 
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• Current reserves for all old years (the reserves in Part 2, Part 4, and Part 1). 
• Current calendar year payments or receipts related to old years (payments in Part 1 ; 

claims in Part 5; and premiums in Part 6). 
• Cumulative payments since the second calendar year in the triangle (Part 3). 

The only procedure which makes sense for the incurred and earned triangles in Part 7 is the 
procedure used for Part 2 of Schedule P. This is a combination of the first method for the 
reserves and the third method for the payments. 

The Part 2 procedure is useful for reserve adequacy testing. It is not helpful for quantifying 
premium sensitivity, which is the purpose of the Part 7 exhibits. The quantification methods 
described here do not make use of the prior years rows, since the premiums and losses stem 
from different policy years. 

The format of the Part 7 exhibits is taken directly from the other parts of Schedule P. The 
designers of Schedule P, Part 7 had no intentions for the prior years row. This row is not used 
for quantifying premium sensitivity. Companies should not spend time trying to figure out the 
data needed for this row. The data are not used or checked by the NAIC. 
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Federal Income Taxes 

The 1986 Tax Reform Act introduced several federal income tax provisions that are specific 
to property-casualty insurance. This section focuses on tax provisions and related statutory 
account ing requirements that rely on Schedule P. For a general t reatment of federal income 
taxes relating to property-casualty insurance companies, with emphasis on items of particular 
concern to casualty actuaries, see Sarason, et al. [2002]. 

DATA SOURCES 

The computat ion of federal income taxes relies on the fol lowing Annual Statement exhibits: 

1. The tax computat ion begins with statutory pre-tax income from the Underwrit ing and 
Investment Exhibit: Part 1 for investment income and Parts 2, 2A, and 3 for underwrit ing 
income. ~ 

2. The additional tax liability resulting from the revenue offset provision is calculated from Part 
2 of the Underwrit ing and Investment Exhibit. The January 2000 tax regulations and the 
statutory account ing codif ication changes effective on January 1, 2001 affect the 
recognit ion of taxable revenue from earned but unbilled premiums and accrued 
retrospective premiums. The Schedule P, Part 6 exhibits may be used to adjust statutory 
income to taxable income; see Sarason, et al. [2002]. 

3. Schedule P, Part 1 is used to calculate the addit ional tax liability resulting (i) from the IRS 
loss reserve discounting provision and (ii) from anticipated salvage and subrogat ion 

For most industries, the federal income tax liability is based on the generally accepted accounting 
(GAAP) statements of the company. For the property-casualty insurance industry, the federal income tax 
liability is based on statutory income. See the Treasury regulations, 2001 FED 26,153, §1.832-4(a)(1): "Gross 
income means the gross amount of income earned during the taxable year from interest, dividends, rents, and 
premium income, computed on the basis of the underwriting and investment exhibit of the annual statement." 

The Internal Revenue Code lists numerous adjustments, of which the following are the most important: 

1. The earlier incurral of the tax liability resulting from revenue offset and loss reserve discounting. 
2. The effects of anticipated salvage and subrogation and the discounting provisions relating thereto. 
3. The reduction of the tax liability resulting from municipal bond income and the dividends received deduction, 

along with the limitation thereon. 
4. The difference in the incurral dates of the tax liability resulting from the amortization and accrual rules for 

fixed-income securities. 

In addition, the alternative minimum income tax provisions may cause an earlier incurral of the tax liability. All 
changes in the incurral dates of the tax liabilities may lead to deferred tax assets and liabilities on the statutory 
balance sheet. 
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4. 

recoveries. Schedule P, Part 3 may be used to determine the non-admitted portion of the 
deferred tax asset stemming from the loss reserve discounting. 
Schedule D is used to determine the reduction in the tax liability resulting from municipal 
bond income and the dividends received deduction, as well as any additional or reduced 
tax liability resulting from the difference between statutory amortization of fixed-income 
securities and tax amortization of these securities. The company's optimal investment 
strategy depends on the anticipated taxable underwriting income, which depends on the 
Schedule P calculations. 

This section covers I RS loss reserve discounting and the non-admitted portion of the resulting 
statutory deferred tax asset. 

Loss Reserve Discounting 

For statutory financial statements, calendar year incurred losses equal the losses paid during 
the year plus the change in the full value loss reserves from the beginning of the year to the end 
of the year. For federal income tax purposes, the incurred losses during the tax year equal the 
losses paid during the year plus the change in the discounted loss reserves from the 
beginning of the year to the end of the year. 

The determination of discounted loss reserves relies on Schedule P. The valuation actuary 
may be asked to compute (i) the discounted loss reserves, (ii) the amount of the discount, (iii) 
the effects of bulk reserve changes on taxable income and the tax liability, (iv) whether the 
company should elect its own loss payment pattern, and (v) the optimal investment strategy 
for a given amount of bulk reserves or level of reserve adequacy. 

The cost of capital is a major factor for the pricing of insurance contracts. The double taxation 
of the investment income on capital funds is a significant component of this cost. The I RS loss 
reserve discounting provisions and the statutory deferred tax asset affect the cost of holding 
capital for insurers. 

INVESTMENT INCOME AND AMORTIZATION 

For long-tailed lines of business, the statutory accounting rules cause an underwriting loss 
during the policy term when losses occur. After policy expiration, the investment income on 
the assets backing the loss reserves provide steady and positive net income. For tax 
accounting, the expected investment income on the assets backing the loss reserves offsets 
the expected amortization of the interest discount in the reserves. The underwriting gain or 
loss is realized during the policy term, with no expected net gain or loss in subsequent years. 

Complete (exact) offsetting depends on the following conditions: 

a. There are no implicit (undisclosed) discounts in the statutory loss reserves. 
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b. The IRS discount rate equals the investment yield of the company. 
c. The IRS loss payment pattern equals the actual liquidation pattern for the block of 

business. 
d. The company holds fully discounted reserves, with disclosure of the amount of discount. 

These conditions are not consistent with current statutory requirements, so complete offsetting 
is not expected. Nonetheless, they clarify the heuristic illustration below. 

Illustration: Offsetting 

A one day policy is written on December 31,20XX for a net premium of $10,000. One loss 
occurs on December 31,20XX, which is paid for $12,100 on December 31,20XX+2. The 
term structure of interest rates is flat at 10% per annum. To simplify the illustration, we assume 
that the IRS loss payment pattern is the same as the actual loss payment pattern here. 

In 20XX, statutory accounting shows an underwriting loss of $10,000 - $12,100 = $2,100. 
The $10,000 net premium is invested at 10% per annum. The investment income is $10,000 
x 10% = $1,000 in 20XX+I and $11,000 x 10% = $1,100 in 20XX+2. There is no 
underwriting gain or loss in 20XX+I or 20XX+2, so these are the statutory income amounts. 

If we assume a two year I RS loss payment pattem and a discount rate of 10% per annum, the 
discounted loss reserves are $12,100/1.1002 = $10,000 at December 31, 20XX. Tax 
accounting shows no underwriting gain or loss in 20XX and a tax liability of $0 for 20XX. 

In 20XX+l, investment income is $1,000. The discounted loss reserve on December 31, 
20XX+I is $12,100 / 1.100 = $11,000. The underwriting loss (or the offset to underwriting 
income) for tax year 20XX+I equals the amortization of the interest discount on the loss 
reserves, or $11,000- $10,000 = $1,000. The underwriting loss just offsets the investment 
income. The net taxable income is $0, and the tax liability is $0. 

In 20XX+2, investment income is $1,100. The incurred loss offset to taxable underwriting 
income in 20XX+2 is the paid loss plus the change in the discounted loss reserve, or 

$12,100 (paid on December31, 20XX+2) + $0 - $11,000 = -$1,100. 

This is the amortization of the interest discount on the 12/31/20XX+1 reserve of $11,000. It 
offsets the investment income in 20XX+2. The taxable income is $0, and the tax liability is 
$07 s 

Some insurance personnel speak of the post-1986 federal income tax incurral pattern as a "prepayment 
of taxes by the insurance industry." This is correct from a statutory or GAAP perspective. The IRS would take 
the opposite view; before 1986 the Treasury helped fund the conservative insurance accounting practices. 
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DISCOUNTING PRINCIPLES 

The discounted loss reserves are determined from three components: 

• The undiscounted loss reserves, as shown in Schedule P, Part 1; 
• The loss reserve discount rate, which is promulgated each year by the Treasury; and 
• Thelosspaymentpattembylineofbusiness, whichisdeterminedfromSchedulePdata. 

Illustration: The December 31,20XX undiscounted loss reserves are $100 million. The loss 
reserve discount rate is 8% per annum. The $100 million of reserves will be paid in three 
parts: 50% on December 31, 20XX+I, 30% on December 31, 20XX+2, and 20% on 
December 31,20XX+3. ~ The discounted loss reserves equal 

$100 million x (50%/1.08 + 30%/1.082 + 20%/1.083) = $100 million x 0.879 = $87.9 million. 

Undlscounted Loss Reserves 

The Treasury assumes that the loss reserves in Schedule P, Part 1 are undiscounted values. 
If discounted values are shown, the losses may be "grossed up" to undiscounted amounts 
before application of the IRS loss reserve discounting procedure. The "gross-up" is permitted 
only if the amount of the discount is disclosed in (or with) the Annual Statement. 97 

Illustration: Schedule P, Part 1 is gross of non-tabular discount and net of tabular discount. 

• A company incurs $10,000,000 of accident year 20XX workers' compensation losses 
including lifetime pension claim reserves with a tabular discount of $1,000,000. 

• The IRS loss reserve discount factor for workers' compensation accident year 20X> 
reserves is 85%. 

If the company does not disclose the tabular discount in the Annual Statement, the offset to 
taxable income is $10 million x 85% = $8.5 million. If the company does disclose the tabular 
discount in the Annual Statement~ the offset to taxable income is ($10 million + $1 million 

This illustration is simplified. The actual procedure assumes mid-year payments and a longer loss 
payment pattern. 

97 See section 846(b)(2) of the Internal Revenue Code: "Adjustment If Losses Discounted on Annual 
Statement: If the amount of unpaid losses shown in the annual statement is determined on a discounted basis, 
and the extent to which the losses were discounted can be determined on the basis of information disclosed 
on or with the annual statement, the amount of the unpaid losses shall be determined without regard to any 
reduction attributable to such discounting." 
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x 85% = $9.35 million. The difference in taxable income is $9.35 million - $8.5 million = 
$0.85 million, and the difference n the tax ability is $0.85 million x 35% = $297,500. 

DISCLOSURE AND TIMING COSTS 

The difference between statutory income and taxable income in the illustration above is a 
timing difference; it will reverse in subsequent years. The cost to the company is the present 
value of the expected after-tax investment yield on this money. 

Illustration: Su~,)ose the pension reserves are paid (on average) twelve years after policy 
expiration, and the after-tax investment yield is 6% per annum. The cost to the company is 

$297,500 x [ ( 1 . 0 6 1 2  - 1)/1.0612]= $297,500 x 0.503 = $149,651.61. ~ 

The required disclosure of non-tabulardiscounts by accident year and by line of business is 
provided in columns 34 (losses) and 35 (loss adjustment expenses) of Schedule P, Part 1. 
The required disclosure of tabular discounts is shown in note 28 (in the 2001 Annual 
Statement) to the financial statements, "Discounting of Liabilities for Unpaid Losses or Unpaid 
Loss Adjustment Expenses." For tabular discounts, the reporting company shows four items 
by line of business: (i) the mortality table used, (ii) the discount rate used, (iii) the amount of 
discounted reserves, and (iv) the amount of the tabular discount. ~ 

Because of the statutory deferred tax asset and the capital requirements imposed on insurance 
companies, the actual cost to equityholders is somewhat different; see Kelly, et al., [2002] for a full discussion. 

gg The footnote does not require disclosure of the discount by accident year. Companies provide this 
information anyway, since it is needed to gross up the undiscounted reserves for tax purposes. 
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Limitation 

The I RS is concerned that a company might claim such a large discount for its statutory loss 
reserves that the discounted tax-basis loss reserves would be greater than the Annual 
Statement loss reserves, thereby reducing the tax liability by means of discounting instead of 
increasing the tax liability. To prevent this, the discounted IRS loss reserves may not be 
greater than the loss reserves shown in the Annual Statement. 1°° 

Statutory accounting allows only limited discounting: tabular discounts and exceptional cases 
of non-tabular discounts. For tabular discounts, most companies use conservative interest 
rates, such as 3.5% or 4% per annum. For non-tabular discounts, the permissible discount 
rate for statutory accounting is rarely greater than the discount rate used for IRS loss reserve 
discounting; see SSAP No. 65 on "Property and Casualty Contracts." 

In summary, the statutory loss reserves are rarely lower than the IRS discounted loss reserves. 
The workers' compensation "prior years" row (Part 1 D) is an exception. These reserves are 
primarily indemnity reserves for lifetime pension cases, and many companies use tabular 
discounts. For this row, the "composite discount factor" used in the IRS discounting 
calculations assumes (on average) three more years of payment, whereas the pension cases 
in these reserves may have (on average) a future expected lifetime of 10 to 20 years. 

ILLUSTRATION: THE LIMITATION 

The workers' compensation prior years row shows unpaid losses and loss adjustment 
expenses of $30 million. In the Notes to the Financial Statements, the company reports a 
$10 million tabular discount for these claims. The IRS composite discount factor applicable 
to these reserves is 90%. 

Without the limitation discussed above, the gross loss reserves are $30 million + $10 million 
= $40 million. The IRS discounted loss reserves are 90% x $40 million = $36 million. Since 
this exceeds the $30 million of statutory loss reserves, the IRS discounted loss reserves are 
capped at $30 million. 

~co See the Internal Revenue Code §846(a)(3): "In no event shall the amount of the discounted unpaid 
losses with respect to any line of business attributable to any accident year exceed the aggregate amount of 
unpaid losses with respect to such line of business for such accident year included on the annual statement." 
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D i s c o u n t  Ra te  

The discount rate varies by accident year. For each accident year, the discount rate is the 60 
month moving average of the federal mid-term rates ending on the December 1 preceding the 
accident year. This rate is frozen and appl ies to that accident year 's losses in all future 
calendar years. In tax parlance, the discount rate is 'Mntaged." The federal mid-term rate is 
the average rate on Treasury securit ies with 3 to 9 years remaining maturity. 1°1 

The federal mid-term rate is promulgated by the Treasury each month. 1°2 The 60 month 
moving average appl icable to an accident year  is promulgated by the Treasury during the 
accident year, and it can be determined as soon as the last federal mid-term rate has been 
announced.  

Il lustration: The loss reserve discounting rate for accident year 20X9 is the 60 month average 
of the federal mid-term rates from January 1,20X4,  through December  1,20X8.  It can be 
computed in December 20X8, before the inception of accident year 20X9, so that companies 
can effectively determine their tax strategies during 20X9. 

Yie ld  P r o j e c t i o n s  

The market values of future cash flows are based on the current term structure of interest rates. 
The date that the liability was incurred is not relevant. In contrast, the I ns  bases the discount 
rate on the incurral year  of the liability. The rationale is that the insurance company uses the 
premium cash flows from the policy to purchase fixed-income securities to fund the future loss 
payments.  The yield on the f ixed- income securities is determined at the date of purchase. 
If the durat ion of the assets backing the reserves matches the durat ion of the loss liabilities, 

lol See section 846(c)(2) of the Internal Revenue Code: "Determination of Annual Rate: The annual rate 
determined by the Secretary under this paragraph for any calendar year shall be a rate equal to the average of 
the applicable Federal mid-term rates (as defined in section 1274(d) but based on annual compounding) effective 
as of the beginning of each of the calendar months in the test period. The test period is the most recent 
60-calendar-month period ending before the beginning of the calendar year for which the determination is made." 

The federal mid-term rates are expressed as bond equivalent yields, since bond coupons are paid semi-annually 
in the United States. (A bond equivalent yield is a yield with semi-annual compounding.) The Ins loss reserve 
discounting procedure uses annual compounding, since it assumes that losses are paid in mid-year (i.e., once 
a year). The bend equivalent yields are converted to effective annual yields before averaging, using the formula 
r. = (1 + rJ2) 2 - 1, where r, is the effective annual yield and r s is the bend equivalent yield with semi-annual 
compounding. If the bond equivalent yield is 8% per annum, the equivalent effective annual rate is (1 + 0.08/2) 2 
- 1 = 8.16%. 

lc~ The yield among mid-term securities varies with the remaining maturity, in accordance with the term 
structure of interest rates. More recently issued securities tend to have slightly lower yields, since they are 
more marketable. The Secretary of the Treasury selects an appropriate average rate. 
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the losses will be paid from the coupon income and the principal repayment  from these 
securities. The yield during the accident year  is the relevant investment yield throughout the 
life of the policies. 1°3 

Loss Payment Pattern 

The I RS determines the expected loss payment  pat tem by line of business from Schedule P, 
Part 1. Most discussions of the IRS loss reserve discounting procedure show the mechanics 
of the computat ion,  with no explanat ion of the rationale. The approach here is the opposite. 
We consider first the rat ionale for the IRS procedure before explaining the mechanics of  its 
computat ion.  We use the figures in the prospect ive paid loss chain ladder deve lopment  
i l lustration earl ier in this paper. 

To determine the discounted reserves, we must we estimate the percentage of these reserves 
that will be paid in each subsequent  calendar year. We use a sequence of three il lustrations 
to clarify the procedure. 

I l lustrat ion:  We are computing the loss payment pattern for the 20X9 accident year  reserves 
shown below. We use the historical data to est imate the percentages to be paid in each 
future ca lendar  year. 

lo3 Whether a moving average rate or the current rate is a better predictor for future rates is an open 
question. Accountants often prefer average rates, on the assumption that the most recent monthly figure may 
be abnormally high or low. Some financial analysts presume that interest rates revert towards a long-term 
mean, and a 60 month moving average may be a better reflection of this mean. Other analysts presume that 
interest rates form a random walk, and the present term structure of interest rates is the best reflection of 
expected future rates. The dominant view is that the current rate is a better estimator of the rate during the next 
12 months than the 60 month moving average is; see Dr Jonathan Benjamini and S. Feldblum, Dynamic 
Financial Analysis: a Primer for the Practicing Actuary [2002]. 
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20Xl 

20X2 

20X3 

20X4 

20X5 

20X6 

20X7 

20X8 

20X9 

MATUREACCIDENT YEAR 

Exhibff Tx.l:2OX9Schedule R Part3D($O00) 

Paa3 20XO 20X1 20X2 20X3 20X4 20X5 20X6 20X7 20X8 20X9 

20XO 103 226 294 334 363 384 398 412 422 433 

111 238 309 356 387 409 428 442 454 

108 221 286 328 354 375 391 403 

111 238 311 357 392 416 434 

135 299 394 458 504 534 

146 314 418 490 542 

159 343 463 546 

146 353 485 

152 406 

156 

Consider a single accident year. The 20X0 accident year, with estimated total losses of $486 
thousand, shows the following percentages paid in calendar years 20X0 through 20X9: 

Exhibit Tx.2: Loss Payment Pattern from the Single Accident Year 20XO ($000) 
(Data from Schedule P, Part 3, of the 20X9 Annual Statement) 

Pa~ 3 20X0 20X1 20X2 20X3 20X4 20x5 20X6 20X7 20X8 20X9 

1.20X0 $103  $226  $294  $334  $363  $384 $398 $412 $422  $433 

2. pem'nt 0.212 0.465 0.605 0.687 0.747 0.790 0.819 0.848 0.868 0.891 

3. incftl 0.212 0.253 0.140 0.082 0.060 0.043 0.029 0.029 0.021 0.023 

• Row 1: The row labeled "20X0" shows the cumulative dollars (in thousands) of accident 
year 20X0 losses paid by December 31 of each calendar year from 20X0 through 20X9. 

• Row2:Therowlabeled"pem'n~'showsthecumulativepementagesofaccidentyear2OXO 
losses paid by December 31 of the calendar year in each column. 

• Row 3: The row labeled"incr'tl" shows the incremental pementages of accident year 20X0 
losses paid in each calendar year. 
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The final row in the table above tells us that 21.2% of an accident year's incurred losses are 
paid during the accident year, another 25.3% are paid in the 12 months following the accident 
year, 14.0% are paid in the subsequent 12 months, and so forth. The final 1 - 89.1%, or 
10.9%, are paid more than 10 years after the inception of the accident year. 

This procedure relies on a single accident year that is already 10 years old. It has the 
following drawbacks: 

• Settlement of large losses may distort the payment pattern in any one accident year. 
• The loss payment pattern does not reflect any changes in the intervening nine years. 
• This method ignores the information embedded in the observed liquidation of accident 

years 20X1 through 20X8. 

The method used by the IRS differs in several respects, as explained below. 

RECENTDATA 

To use the most recent data, we examine the dollars paid in calendar year 20X9 divided by 
the total incurred losses for each accident year. The paid loss development illustration used 
earlier in this paper shows the following figures from Schedule P, Parts 2 and 3. l°4 

Exhibit Tx.3: Loss Payment Pattern from Successive Accident Years ($O00's) 
Da~fromSchedule Paas2 and3 from~e 20X9AnnualSta~meni 

AccYr 20X0 20Xl 20X2 20X3 20X4 20X5 20X6 20X7 20X8 20X9 

Row1 $422 $442 $391 $416 $504 $490 $493 $353 $152 $0 

Row2 $433 $454 $403 $434 $534 $542 $546 $485 $406 $156 

Row3 $11 $12 $12 $18 $30 $52 $53 $132 $254 $156 

Row4 $486 $520 $475 $522 $667 $707 $787 $802 $866 $898 

Row 5 2.3% 2 .3% 2 .5% 3 .4% 4 .5% 7 .4% 6 .7% 16.5% 29.3% 17.4% 

The rows show the following figures: 

Row (1): Cumulative dollars of loss paid through December 31,20X8 (from Part 3). 
Row (2): Cumulative dollars of loss paid through December 31,20X9 (from Part 3). 
Row (3): Incremental dollars of loss paid in 20X9 (= row (2) minus row (1)). 
Row (4): Incurred losses (from Part 2). 

lo4 The accident years are shown along the horizontal axis of the table. In the exhibits used for the paid 
loss chain ladder development method, the accident years are shown along the vertical axis. 
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Row (5): Incremental dollars of loss paid as a percentage of incurred losses (row 3 / row 4). 

Consider the column for accident year 20X4: 

Row 1: 

Row 2: 

Row 3: 
Row 4: 
Row5: 

$504,000 has been paid by 12/31/20X8, or 60 months since inception of the 
accident year. 
$534,000 has been paid by 12/31/20X9, or 72 months since inception of the 
accident year. 
$30,000 has been paid between 60 months and 72 months. 
The total accident year 20X4 incurred losses are $667,000. 
4.5% (or $30,000 / $667,000) of the incurred losses are paid between 60 months 
and 72 months since inception of the accident year. 

This procedure uses figures from Schedule P, Part 3, which shows cumulative paid losses at 
the current valuation date and the previous valuation date. The I RS used figures from Part 1, 
perhaps because Part 1 is an audited exhibit whereas Part 3 is not an audited exhibit. In 
addition, the Part 1 figures are for the current valuation date, so they are more easily verified 
than are historical figures from the previous valuation date. 

Incremental Percentages and Cumulative Differences 

For the lines of business with ten year exhibits, the IRS makes one additional change. The 
procedure outlined above uses the incremental paid loss percentages in each accident year 
to estimate the percentage of losses paid in each time interval. The IRS uses the difference 
in the cumulative paid loss percentages between successive accident years. 

Exhibit Tx.4: Loss Payment Pattern Between Accident Years ($O00's) 
Data from Schedule F Parts 2 and 3, from the 20X9 Annual Statement 

AccYr 20X0 20X1 20X2 20X3 20X4 20X5 20X6 20X7 20X8 20X9 

Bowl $433 $454 $403 $434 $534 $542 $546 $485 $406 $156 

Row2 $486 $520 $475 $522 $667 $707 $787 $802 $866 $898 

Row 3 89.1% 87.3% 84.8% 83.1% 80.1% 76.7% 69.4% 60.5% 46.9% 17.4% 

Row 4 1.8% 2.5% 1.7% 3.1% 3.4% 7.3% 8.9% 13.6% 29.5% 17.4% 

• Row (1) shows the cumulative paid losses at December 31,20X9 for each accident year. 
• Row (2) shows the incurred losses at December 31,20X9 for each accident year. 
• Row (3) shows the ratio of cumulative paid losses to incurred losses. 
• Row (4) shows the differences in successive ratios. For accident year 20X9, nothing is 

paid before calendar year 20X9, so 17.4% of incurred losses are paid in the first 12 
months. For losses paid between 12 months and 24 months, we reason as follows. 
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, /  From the 20X8 accident year, we infer that 46.9% of incurred losses are paid by 24 
months since inception of the accident year. 

4" From the 20X9 accident year, we infer that 17.4% of incurred losses are paid by 12 
months since inception of the accident year. 

4' This implies that 46.9% - 17.4% = 29.5% of incurred losses are paid between 12 
months and 24 months since inception of the accident year. l°s 

The figures in row (4) sum to 89.1%. This is the ratio of cumulative paid losses to incurred 
losses for accident year 20X0. All the figures are available from Schedule P, Part 1. 

This is the procedure used by the IRS, with one difference in the data used. 

• The Part 1 figures used by the IRS include all loss adjustment expenses. 1°6 
• The Part 3 figures shown here include onlydefense and cost containment expenses. 

I R S  RATIONALE 

We summarize the computations as follows: 

i. For each accident year in Schedule P, Part 1, we calculate the cumulative paid losses at 
the current valuation date as a percentage of the incurred losses for that accident year. 

ii. We take the difference between successive accident years to determine the expected 
percentage of incurred losses paid in each 12 month interval. 

iii. We use this procedure for the ten accident years shown in Part 1. If the cumulative paid 
losses for the oldest year equal 100% of the incurred losses, we stop here. If the 
cumulative paid losses for the oldest year are less than 100% of the incurred losses, we 
extend the loss payment pattern for additional years, as described below. 

The cumulative paid losses as of the current valuation date are shown in Part 1, column 11, 
"total net paid." The incurred losses at the current valuation date are shown in column 28, 
"total losses and loss expense incurred." 

lo6 Rounding to a single decimal places causes the apparent discrepancy in some of these figures. 

toe Seesection846(f)(2)ofthelntemalRevenueCode: The term "unpaid losses" inc/udes any unpaid loss 
adjustment expenses shown on the annual statement. 
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ILLUSTRATION: PERSONAL AUTO LIABILITY 

Although the concepts are straight-forward, the implementation is complex. We explain the 
details with two illustrations. 

The ABC Insurance Company elected to use its own loss payment pattern in the 2007 
determination year. This election applies to accident years 2009 through 2013. It is now 
January 2011, and ABC is computing the loss payment pattem for computing discounted 
reserves for accident year 2011. The following figures are taken from ABC's 2009 Annual 
Statement, Schedule P, Part 1B (private passenger automobile liability). 

Exhibit Tx.5: Private Passenger Automobile Liability Paid and Incurred Losses 
Accident Losses + LAE Losses + LAE 

Y~)~r Paid (col 11) Incurred (col 28~ 
Prior $250,000 $250,000 
2000 270,000 275,500 
2001 300,000 316,000 
2002 320,000 348,000 
2003 340,000 386,500 
2004 350,000 421,500 
2005 370,000 480,500 
2006 380,000 550,500 
2007 360,000 610,000 
2008 330,000 687,500 
2009 200r000 571 r500 

The 60 month rolling average of the federal mid-term rate, from January 2006 through 
December 2010, is 7% per annum. 

Determination Year and Company Election 

Year 2011 is not a determination year, so industry aggregate Schedule P data for a valuation 
date of December 31, 2009 would not be used to determine loss payment patterns. 
Determination years end in a"2" or a"7," and they use aggregate industry Schedule P data 
for statement dates ending in a "0" or a "5." As examples, 

• For determination year 20X2, Schedule P data as of December 31,20X0 are used. 
• For determination year 20X7, Schedule P data as of December 31,20X5 are used. 
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Once every five years (determination years), the company makes an election to use either 

• the loss reserve discount factors developed by the Treasury, which are based on 
industry aggregate Schedule P data, or 

• its own loss reserve discount factors, which are based on its own Schedule P data 

The election is made with the company's tax filing for the determination year. It applies to that 
year and to the succeeding four years. 

If the company elects to use its own payment patterns, it uses Schedule P data that are 
available before the beginning of each tax year. These are the Schedule P data from two 
years earlier. 

In this illustration, the company makes an election with its 2007 tax filing to use its own 
Schedule P data. The election applies to the 2007 through 2011 accident years. 

The 2009 Schedule P data for computation of the loss payment patterns for the 2011 accident 
year are available by March 1,2010. The loss reserve discount rate is not available until mid- 
December 2010. The computation in this illustration is done between mid-December 2010 
and early 2012 (before the 2011 tax filing). 

The election to use one's own data applies to all applicable lines of business. These are all 
the Schedule P lines except (i) intemaUonal and (ii) lines for which the company does not have 
ten years of experience. The old rule that the company's reserves for the line of business must 
be at least as great as those of 10% of the companies in the industry was explicitly revoked 
by the Treasury in 1991 on the grounds that it discriminated against small companies. 1°7 

An election lasts for five years-  until the next determination year. The company can revoke 
its election to use its own Schedule P data before the completion of the five year period only 
with the acquiescence of the Treasury. 

A company that has elected to use its own Schedule P data recomputes the loss payment 
pattems each year, based on the most recent Schedule P data filed with regulatory authorities 
before the beginning of the taxyear. The most recent Schedule P filed before the beginning 
of tax year 2011 was filed by March 1,2010, containing data as of valuation date December 
31,2009. The industry payment patterns are computed only once every five years. 

The 60 month rolling average of federal mid-term rates ends with the month preceding the 
accident year, not with the month preceding the Schedule P valuation date. In this illustration, 
the 60 month rolling average ends with December 2010, not December 2008 or 2009. 

lo~ Because of an oversight in the Insurance Accounting and Systems Association insurance accounting 
textbook, this rule still remains on the CAS examination syllabus in 2002. 
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VINTAGING 

The loss reserve discount factors computed here are used for accident year 2011 only. The 
discount factors for previous accident years at every future valuation date have already been 
determined and frozen. In tax parlance, they are vintaged. They are not revised in subsequent 
calendar years. 

We determine between 11 and 15 discount factors for accident year 2011. The first ten 
discount factors are used at valuation dates December 31,2011 through December31,2020. 
The final one to five development factors are used at subsequent valuation dates. The 
development factors are combined into a composite development factor for the prior years 
row for valuation dates 2021,2022, and subsequent; see below. The discount factors all use 
the 7% discount rate and the loss payment pattern computed here. 

The application of the loss reserve discount factors is not clear from a cursory reading of the 
Internal Revenue Code. The chart below shows the valuation dates and accident years for the 
various loss reserve discount factors. 

Exhibit Tx.6: Valuation Dates for Loss Reserve Discount Factors 

Discount Factor Accident Year Individual / Tax Year Schedule P 
Composite (Valuation Date) Accident Year 

12 mos 2011 individual 2011 2009 

24 mos 2011 individual 2012 2008 

120 mos 2011 individual 2020 2000 

132 mos 2011 composite 2021 AY+I 0 ** 

144 mos 2011 composite 2022 AY+I 1 ** 

** There years are referred to in the Internal Revenue Code as AY+10 through AY+15. 
They appear as part of the Schedule P prior years row. 

The first ten discount factors computed here apply to accident year 2011 only. They are used 
at valuation dates between 12 months and 120 months from inception of the accident year. 
These correspond to tax years 2011 through 2020. For subsequent valuation dates, the 
discount factor computed here is combined with discount factors for other accident years and 
applied to the Schedule P prior years row. 
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The final column matches the accident years in Schedule P with the future valuation dates at 
which time the loss reserve discount factors are applied. For example, the cumulative paid 
percentage for accident year 2008 at valuation date December 31,2009 equals the expected 
cumulative paid percentage for accident year 2011 at valuation date December 31,2012. 
Similarly, the cumulative paid percentage for accident year 2000 at valuation date December 
31,2009 equals the expected cumulative paid percentage for accident year 2011 at valuation 
date December 31,2020. 

Discounting Sequence 

The loss reserve discount factor computation can be divided into a series of steps. 

Step 1: We calculate the nominal (undiscounted) amounts for 

Cumulative percentages paid, 
Incremental percentages paid, and 
Percentages unpaid. 

Step 2: We calculate the adjustments for long-tailed lines of business - i.e., those with ten 
year Schedule P exhibits 1°8 - showing 

Adjusted incremental percentages paid, 
Long-tail extension of payments, and 
Adjusted percentages unpaid. 

Step 3: We apply the appropriate discount rate to obtain the 

Discounted percentages unpaid, and 
Loss reserve discount factors. 

The logic of the procedure was outlined above. This section proceeds through the specific 
computations mandated by the Internal Revenue Code. 

UNDISCOUNTED PERCENTAGES 

10e The term "long-tailed" has three meanings, depending on context: 

• The Schedule P meaning: lines with ten year exhibits versus two year exhibits. 
• The actuarial meaning, denoting average length of time between premium collection and loss payment. 
• The IRS meaning: a line is "long-tailed" if the losses unpaid after ten years exceed the losses assumed 

paid in the tenth year. 

All the Schedule P long-tailed lines of business are likely to be classified by the IRS as long-tailed. The length 
of the tail for IRS purposes depends on the Schedule P entries for the ninth and tenth oldest year; see below, 
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The loss reserve discount factors for this illustration are calculated in Exhibit Disc. 1 on page 
196, 242. 

• Column 2 shows the cumulative net paid losses and loss adjustment expenses by accident 
year at the current statement date, from Schedule P, Part 1, column 11 .loe 

e Column 3 shows the incurred net losses and loss adjustment expenses by accident year 
atthe current statement date, from Schedule P, Part 1, column 28. These entries include 
paid losses and loss adjustment expenses, case reserves, and bulk + IBNR reserves. 

s Column 4 shows the cumulative percentage paid from inception of the accident year to the 
current statement date, or column 2 divided by column 3. For accident year 2009, the 
percentage is $200,000 / $571,500 = 35.00%. For accident year 2008, the percentage 
is $330,000 / $687,500 = 48.00%. 

Assumed Incremental Percentage Paid 

• Column 5 shows the expected incremental percentage paid in each 12 month period. 
These entries are the first differences of the series in the previous column: 

, /  For accident year 2009, the cumulative percentage paid at 12 months since inception 
of the accident year is 35.00%. For the most recent accident year, the incremental 
percentage paid equals the cumulative percentage paid. 

4' For accident year 2008, the cumulative percentage paid at 12 months since inception 
of the accident year is 48.00%. This implies that 48.00% - 35.00% = 13.00% of 
incurred losses are paid between 12 months and 24 months since inception of the 
accident year. 

Schedule P shows 10 accident years of data, from which we estimate 10 twelve-month 
intervals of expected loss payments. If any losses remain unpaid at the end of 10 years- that 
is, if the cure ulative paid losses for the oldest accident year does not equal the incurred losses 
for that accident year - we assume that all these losses are paid in the eleventh year, with the 
following limitation. 

The amount assumed to be paid in the eleventh year is capped by the amount assumed to be 
paid in the tenth year. The excess amount is assumed to be paid in the twelfth year, but it is 
also capped at the same limit. The remaining excess is assumed to be paid in the thirteenth 
year, and so forth. We continue in this fashion through the fifteenth year. The remaining 
excess is assumed to be paid in the sixteenth year, with no limit. The next illustration (other 

lo9 The net paid losses and net incurred losses are net of reinsurance recoverables and return premiums. 
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liability) shows the computation of an extended loss payment pattem. We defer further 
explanation of the procedure until we get to that illustration. 

The Schedule P entries for the "prior years" row are not used in the computation of the loss 
reserve discount factors. The reserves and payments in this row relate to various accident 
years. A "composite" discount factor is used to determine the discounted loss reserves for 
the prior rows in Schedule P; see the discussion below. 

In this illustration, the cumulative percentage paid for the ninth year (2001) is 94.94%, and the 
cumulative percentage paid for the tenth year (2000) is 98.00%. (The "n th" year here means 
the "n th" year working backwards from the current valuation date.) 1~° The amount assumed 
to be paid from the end of the ninth year to the end of the tenth year is 98.00% - 94.94% = 
3.06%. The amount still unpaid after 10 years is 100.00%- 98.00% = 2.00%. Since 2.00% 
is less than 3.06%, the full 2.00% is assumed to be paid in the eleventh year. No losses are 
assumed to be paid after 11 years. 

Several of the commercial casualty lines of business have loss payment patterns extending 
beyond ten years; this is especially true for workers' compensation, other liability, products 
liability, and medical malpractice. For these lines of business, we don't expect the cumulative 
paid losses at the end of the tenth year to equal the incurred losses for that year. 111 The next 
illustration shows the adjustments used for these long-tailed lines of business. 

DISCOUNTING COMPUTATIONS 

Column 6 shows the percentage of losses unpaid at the end of the accident year, which 
equals the complement of the cumulative percentage of losses paid. For accident year 
2009 in the personal automobile illustration, the cumulative percentage of losses paid is 
35.00%, and the percentage of losses unpaid at the end of the accident year is 100% - 
35.00% = 65.00%. 

• Column 7 shows the discounted percentage of losses unpaid at the end of the accident 
year. To compute these figures, we assume that all losses are paid at mid-year. We may 

,o We estimate the amounts to be paid in future calendar years by looking at old accident years. The 
difference in the cumulative percentages paid between the n th past accident year and the (n+l)r,, past accident 
year is the percentage assumed to be paid between the end of the n t" calendar year from inception of the 
accident year to the end of the (n+l)r= calendar year from inception of the accident year. The n t" accident year 
working backwards from the most recent accident year corresponds to the n th calendar year working forewards 
from the current statement date. 

111 The IRS computation of the loss reserve discount factors for all years is heavily influenced by the 
Schedule P entries for the ninth oldest accident year and the tenth oldest accident year. By random loss 
fluctuations, any long-tailed line of business may have an 11 year loss payment pattern one year and a 16 year 
loss payment pattern the next year. 
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use either (i) an iterative method, working backwards from the oldest accident year or (U) 
a formula method. 

We use the figures in the personal automobile illustration to explain the methods. "2 

Iterative Method 

Two percent of the incurred losses are assumed to be paid in the eleventh year, labeled "AY 
+ 10" in the exhibit. We assume that they are paid in mid-year. With a 7.0% discount rate, 
the discounted value of these losses at the preceding December 31 is 2"/o/(1.070) °'s = 1.93%. 

Going backwards in accident years corresponds to going forwards in calendar years. The 
"current accident year" in this Schedule P exhibit is 2009, though the computed loss payment 
pattern is used for accident year 2011, not accident year 2009. The current valuation date for 
accident year 2011 for which this discount factor applies is December 31,2011. Accident 
year AY+I corresponds to calendar year 2011+1 = 2012. Accident year AY+I 0 corresponds 
to calendar year 2011 + 10 = 2021.113 

To determine the discounted percentage of losses unpaid at the end of the ninth year, we 
combine two pieces: 

• The percentage of losses assumed to be paid in the tenth year-  which are assumed 
to be paid at mid-year- discounted for half a year to the end of the ninth year. 

• Thediscountedpercentageoflossesunpaidattheendofthetenthyear, discounted 
for an additional year to the end of the ninth year. 

In the illustration, the two pieces are as follows. 

• 3.07% of accident year 2011 losses are assumed to be paid in the middle of the tenth 
year, or July 1,2020. They are discounted for half a year to December 31,2019: 
3.07%/1.070 °s = 2.97%. 

• The discounted percentage of accident year 2011 losses unpaid at the end of the tenth 
year ( December 31,2020) is discounted for a full year: 1.93%/1.070 = 1.80%. 

112 The assumption that all losses are paid at mid-year is a proxy for an even distribution of paid losses 
during the year. In truth, losses are paid (on average) earlier than the middle of the year, particularly for losses 
paid in the 2 or 3 years following the inception of the accident year. The IRS procedure provides a slightly 
longer discount period than is warranted. This reduces the offset to taxable income and increases the income 
tax liability. This bias is offset by the shorter payment patterns implicit in the IRS extension past ten years. 

~3 For an excellent explanation of this technique, see  Salzmann [1984], who uses a similar version to 
develop a reserving method for allocated loss adjustment expenses. 
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The sum of 2.97% and 1.80% is 4.77%. We continue in this fashion for all accident years. 
This is the iterative method. 

Formula Method 

Alternatively, formulas may be used for each year. the formula for the 2009 accident year in 
the Schedule P exhibit, which corresponds to accident year 2011 valued at December 31, 
2011, is 

(13.00% + 1.07 °'s) + (11.02% + 1.0715) + . . .  + (3.07% + 1.078s) + (2.00% + 1.079s) = 52.26%. 

LOSS RESERVE DISCOUNT FACTORS 

Column 8 shows the loss reserve discount factors used in the tax calculation. These factors 
are the discounted percentage of unpaid losses at the end of each year divided by the 
undiscounted percentage of unpaid losses at the end of that year. For accident year 2009 in 
the illustration, the loss reserve discount factor is 52.26% / 65.00% = 80.3944%. This 
corresponds to the loss reserve discount factor for accident year 2011 valued at December 
31,2011. Since these factors are used to determine the tax liability, the IRS demands 6 
decimal place accuracy. TM 

These loss reserve discount factors apply to the 2011 accident year only. Suppose that at 
December 31, 2011, the accident year 2011 undiscounted reserves are $450,000. The 
corresponding discounted reserves are $450,000 x 80.3944% = $361,775. 

The loss reserve discount factor in the preceding row, 81.6659%, is applied to the accident 
year 2011 reserves on December 31,2012, not to the reserves of any other accident year. 
If the 2012 Schedule P reserves for accident year 2011 are $350,000, the 2012 discounted 
reserves for accident year 2011 are $350,000 x 81.6659% = $281,380. 

114 Six decimal place accuracy is not necessarily meaningful if the Schedule P entdes have fewer than 
six significant digits. Since the paid and incurred entries are in thousands of dollars, they have fewer than six 
significant digits for small companies. 
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ILLUSTRATION: OTHER LIABILITY 

The following figures are taken from the 2009 Annual Statement, Schedule P, Part 1 H (other 
liability), of a company that has elected to use its own loss payment pattern for computing 
discounted reserves for accident year 2011. 

Exhibit Tx. 7: Other Liabili~ Paid and Incurred Losses 
Accident Losses +LAE Losses +LAE 

Year Paid (co111) Incurred (col28) 
Prior $235,000 $250,000 
2000 50,000 55,500 
2001 55,000 62,000 
2002 60,000 70,000 
2003 65,000 80,000 
2004 70,000 96,000 
2005 65,000 103,000 
2006 60,000 115,000 
2007 50,000 125,000 
2008 35,000 140,000 
2009 157000 180r000 

The 60 month rolling average of the federal mid-term rate from January 2006 through 
December 2010 is 7.0% per annum. 

Extension of Payments 

We retain the same accident years and discount rate from the previous illustration. We focus 
on the extension of payments for long-tailed lines of business. 

The loss reserve discount factors are used for accident year 2011 only. In this illustration, we 
determine 15 separate loss reserve discount factors. The first ten discount factors are used 
for valuation dates December 31,2011 through December 31,2020. The 11th through the 
15 t" discount factors are used at valuation dates December 31,2021 through December 31, 
2025 as part of the composite discount factor for accident years more than 10 years old (the 
"prior years" row in Schedule P). The calculation of the composite discount factor is explained 
below. 

CAPPING 

The amount assumed to be paid in the eleventh year is capped by the amount assumed to be 
paid in the tenth year. In this illustration, 90.09% - 88.71% = 1.38% of incurred losses are 
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assumed to be paid in the tenth year. The amount  remaining unpaid after 10 years is 
1 0 0 . 0 0 % -  90.09% = 9.91% of the incurred losses. Only 1.38% is assumed to be paid in the 
e leventh year. The remaining 9.91% - 1.38% = 8.53% is assumed to be unpaid at the end 
of the e leventh year. 

The 1.38% cap affects the subsequent years as well. The amount assumed to be paid in each 
of the f ive years immediate ly fol lowing the tenth year  is the lesser of (i) the amount  unpaid at 
the end of the previous year  and (ii) the 1.38% cap. We show first an illustration with a loss 
payment pattern that does not extend through the 16 = year before retuming to the other liability 
i l lustration here. 

Illustration: Suppose that the IRS loss reserve discounting procedure for commercia l  
automobi le  indicates that 90.90% is paid within 10 years and 88.10% is paid within nine 
years. This implies that 9 0 . 9 0 % -  88.10% = 2.80% is paid in the tenth year. The amounts 
assumed to be paid in the 11 =, 12 =, and 13 = years are also 2.80%. Only 9.10% - 3 x 
2.8% = 0.70% remains unpaid after thirteen years. This is the amount  assumed to be 
paid in the 14 = year. 

Whatever  remains after 15 years is assumed to be paid in the 16 = year, even if it exceeds the 
1.38% cap. 

I//ustraUon: In the other liability example above, 9.91% - 5 x 1.38% = 3.01% remains 
unpaid after 15 years, so 3.01% is assumed to be paid in the sixteenth year. 115 

EXTENDED DEVELOPMENT 

As for the personal auto illustration, we show the iterative procedure and the formula method 

Iterative Procedure: We begin the computat ion of the discounted percentages unpaid at the 
December  31 preceding the final loss payment. For this (other liability) illustration, the loss 
payment  pattern extends through 16 years, so we begin the computat ion of the discounted 
percentage unpaid with the end of the fifteenth year. 

11s See the tntemal Revenue Code §§ 846(d)(3)(C) and (D), "Special rule for certain long-tail lines": In the 
case of any long-tail line of business, the period taken into account shall be extended (but not by more than 
5 years), and the amount of losses which would have been treated as paid in the 10th year after the accident 
year shall be treated as paid in such 10th year and each subsequent year in an amount equal to the amount 
of the losses treated as paid in the 9th year after the accident year (or, if lesser, the portion of the unpaid losses 
not theretofore taken into account). To the extent such unpaid losses have not been treated as paid before the 
last year of the extension, they shall be treated as paid in such last year. The term "long-tail line of business" 
means any line of business if the amount of losses which would be treated as paid in the 10th year after the 
accident year exceeds the losses treated as paid in the 9th year after the accident year. 
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3.01% of the accident year 2011 incurred losses are assumed to be paid in the middle of the 
16 th year, or July 1, 2026. The discounted loss reserve at the end of the 15 th year (or 
December 31,2025) is 3.01% / 1.0700.5 = 2.91%. 

The discounted percentage unpaid at the end of the 14 ~ year equals the sum of (i) the 2.91% 
discounted percentage unpaid at the end of the 15 th year discounted for an additional full year 
and (ii) the 1.38% of the incurred losses assumed to be paid on July 1 of the 15 th year 
discounted for half a year. This is 2.91% / 1.070 + 1.38% / 1.070 °s = 4.05%. (The 0.01 
percentage point difference from the figure in the exhibit is a rounding discrepancy.) 

Formula Method:We calculate each discounted percentage unpaid by formula. For the 2011 
valuation date for the 2011 accident year, the discounted percentage unpaid equals 

(16.67% + 1.07 °'5) + (15.00% + 1.07 l's) + . . .  + (1.38% + 1.0713s) + (3.01% + 1.0714"s) = 71.32%. 

ILLUSTRATION: ACCIDENT YEARS AND VALUATION DATES 

Associating particular accident years and valuation dates with the appropriate Schedule P 
exhibits and average discount rates is the most confusing part of the calculations. The 
following illustration highlights the relationships. 

Best's Aggregates andAverages shows the following data for private passenger auto liability 
from the 2005 industry aggregate Schedule P, Part 1B (in thousands of dollars). 

............ Exhibit Tx.8: Loss Reserve Discounting Valuation Dates: Input Data 

Accident Losses Losses 
Year Paid Incurred 

Prior $15,871,690 $15,968,279 
1996 11,959,296 12,024,227 
1997 13,496,724 13,613,803 
1998 15,261,632 15,431,377 
1999 17,079,431 17,381,876 
2000 17,960,909 18,514,492 
2001 19,922,828 21,136,036 
2002 20,799,050 23,244,356 
2003 21,050,478 26,110,739 
2004 19,316,816 29,486,820 
2005 101735r738 3112811287 
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The 12 month averages of the federal mid-term rate for calendar years 2000 through 2009 are 
shown below: 

Exhibit Tx.9: Federa/ Mid-Term Rates 

Year Average Year Average Year Average 

2001 6.7% 2004 7.0% 2007 7.0% 

2002 6.6% 2005 7.3% 2008 7.3% 

2003 6.8% 2006 7.4% 2009 6.9% 

We determine the loss reserve discount factor for accident year 2009 private passenger 
automobile liability reserves at the December 31,2017 valuation date. 

DISCOUNT RATE 

The discount rate is the 60 month moving average from January 1,2004 through December 
1,2008. This equals 1/5 x (7.0% + 7.3% + 7.4% + 7.0% + 7.3%) = 7.2%. 

The discount rate is computed once and used for all accident year 2009 discount factors. 

LOSS PAYMENT PATTERN 

Year 2009 is not a determination year. The preceding determination year is 2007. The data 
used is from the 2005 Schedule P from Best's AggregatesandAverages. This loss payment 
pattern is used for accident years 2007 through 2011. 

Valuation date December 31,2017 is nine years after the inception of accident year 2009. 
The loss reserve discount factor depends on the percentages assumed to be paid in 2010, 
2011, and subsequent years. These are the same percentages as the percentages of 
accident year 2007 reserves at December 31,2015, assumed to be paid in 2016,2017, and 
the subsequent years. 

In the terms used in this paper, these are the percentages assumed to be paid in years 10, 
11, and so forth, up through year 16. The exact number of years, as well as the percentages, 
depends on the loss payment pattern. 
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The 1996 accident year in the 2005 Schedule P exhibit shows that $11,929,296,000 / 
$12,024,227,000 = 99.46% of incurred losses are paid by the end of ten years. The 
remaining 0.54% of incurred losses is distributed to years 11 and subsequent. "6 

If 0.54% or more of losses were assumed to be paid in the tenth year, we would allocate the 
entire 0.54% of remaining losses to the eleventh year. To determine the amount assumed to 
be paid in the tenth year, we compare the 1996 and 1997 accident years. From the 1997 
accident year, we inferthat $13,496,724,000/$13,613,803,000 = 99.14% of incurred losses 
are paid in the first nine years. The percentage assumed to be paid during the tenth year is 
99.46% - 99.14% = 0.32%. 

The cap on payments for years 11 through 15 is 0.32%, with payments exceeding the cap 
rolled over to the next year. 0.54% is unpaid after ten years. The maximum that can be 
allocated to year 11 is 0.32%. The remainder, or 0.22%, is allocated to year 12. 

LOSS RESERVE DISCOUNT FACTORS 

At December 31,2017, 99.14% of the 2009 accident year losses are assumed to have been 
paid. The remaining 0.86% of losses are assumed to be paid on July 1 in years 2018, 2019, 
and 2020 in the ratio 0.32%:0.32%:0.22%. In other words, 

• (0.32%) + (0.86%) of the reserves will be paid on July 1,2018; 
• (0.32%) + (0.86%) of the,reserves will be paid on July 1,2019; and 
• (0.22%) + (0.86%) of the reserves will be paid on July 1,2020. 

We discount these assumed payments back to December 31,2017, at a 7.2% discount rate. 
The discount factor for year 10 is 1/(1.072) °s, since these loss payments are being 
discounted from 7/1/2018 back to 12/31/2017. The total discounted reserves, as a 
percentage of the undiscounted reserves, are 

Year 10 (7/1/2018) [(0.32%) + (0.86%)] + (1.072) °s = 35.94% 
Year 11 (7/1/2019) [(0.32%) + (0.86%)] + (1.072) 15 = 33.52% 
Year 12 (7/1/2020) [(0.22%) + (0.86%)] + (1.072) 2.5 = 21.50% 

The loss reserve discount factor is 35.94% + 33.52% + 21.50% = 90.96%. 

P a t t e r n s  

In the other liability illustration, the loss reserve discount factors are similar for the ten accident 
years that are separately reported in Schedule P, ranging from 77% to 80%. Some actuaries 

116 The calculations here use percentages with two decimal places. In practice, six significant digits are 
used for the IRS discount factors. 
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presume that loss reserve discount factors should be lowest (i.e., furthest below unity) at 
inception and should increase towards unity as the reserves become more mature. This 
presumption is that the amount of the discount as a percentage of the remaining reserves is 
greatest at early maturities and declines to zero at later maturities. 

This presumption is correct for the true discount factor for an individual loss. Suppose a loss 
occurs on July 1,20X1, and it will be paid on July 1,20X9. The amount of the discount is 
greatest on December 31, 20X1, and it declines steadily thereafter. 

This presumption is not correct for an accident year. If loss payments follow an exponential 
decay, as modeled by McClenahan [1975] and Butsic [1981], the loss reserve discount factor 
remains relatively constant as long as some claims remain unpaid. The expected discount 
factor depends on the rate of decay and the discount rate, not on the development period. As 
Butsic [1981 ] shows, if the loss payments follow an exponential decay, the average remaining 
time to settlement is constant over the lifetime of the reserves. 117 

The loss reserve discount factors in the other liability illustration increase steadily in the final 
six years, from 80% to about 97%. This is caused by the IRS assumption of a constant 
percentage of incurred losses paid in each development period during the extended part of 
the loss payment pattern, instead of the declining percentage of incurred losses assumed by 
an exponential decay pattern. "8 For instance, the other liability illustration uses a 1.38% 
figure for each development period. The assumption of a final lump sum payment in the last 
year, whether or not the payment pattern is extended, augments the upward trend in the loss 
reserve discount factors for mature periods. 

Negative Percentages Paid 

Because different accident years are used for the cumulative paid percentages, the 
incremental paid percentages paid may be negative. The negative assumed payments can 
appear in any year except the most recent one, though they are more likely to occur in the 
more mature accident years. For the IRS loss reserve discounting procedure, they are most 
problematic (i) when they occur in the most mature accident year, causing a negative cap for 

~7 For workers' compensation, the decay is slower than exponential. Temporary total claims dominate 
the early payments; most of these claims are settled within a year or two. Permanent partial disability and 
permanent total disability claims dominate the reserves for mature years. These claims may remain open for 
30 or 40 years. The loss payment pattern is rapid initially but it is very slow by ten years of maturity. See also 
the discussion above of the Sherman inverse power curve estimate of the paid loss development tail factor. 

This is a general statistical result. If we combine distributions with exponential decays, each with a different 
rate of decay, the combination has a decreasing rate of decay. 

118 The exponential decay assumes that a constant percentage of the remaining reserves (not of the total 
incurred losses) is paid in each development period. 
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the assumed payments in the extended loss payment  pattern, or (ii) when they cause a 
negat ive loss reserve discount factor. 119 

NEGATIVE CAP 

If the negative assumed loss payment  occurs in the oldest accident year individually reported 
in Schedule P, the cap on the extended payments in all subsequent  years would also be 
negative. To avoid this situation, a negative assumed loss payment  in the oldest accident 
year  is replaced by the average of the assumed loss payments in the three oldest  years. 12° 

Illustration: The 2009 Schedule P for a given line has the cumulative paid losses and incurred 
losses shown in Exhibit Tx.10. 

Accident Year 
(1) 

Exhibit TxlO: Negative Assumed Loss Payments 
Paid Loss + Incurred Loss Cumulat ive Incremental 

LAE + LAE Paid/Incurred Paid/Incurred 
(2) (3) Ratio: (4) Ratio: (5) 

Undiscounted 
Percentage 
Unpaid: (6) 

2000 $280,000 $300,000 93.33% -3.64% 6.67% 

2001 320,000 330,000 96.97% 9.47% 3.03% 

2002 315,000 360,000 87.50% 5.92% 12.50% 

2003 310,000 380,000 81.58% 6.58% 18.42% 

2004 300,000 400,000 75.00% 7.25% 25.00% 

~19 The true problem is not simply that negative assumed payments are unreasonable. The problem is 
that the prevalence of negative assumed payments highlights the inaccuracy of the entire calculation method. 
No estimation procedure is perfect. But the standard actuarial technique for determining loss payment pattems 
is reasonably accurate. An actuarial estimate of the future loss payments in a given year of 100 might mean 
a 900 confidence interval that the true expected loss payment is between 8% and 12%. In contrast, the IRS 
procedure is much less accurate. An estimate of the future loss payments in a given year of 10% might mean 
a 90% confidence interval that the true expected loss payment is between 5% and 20*. The accuracy 
diminishes for estimated loss payments close to 0%. An Ins estimate of the future loss payments in a given 
year of 1% might mean a 90% confidence interval that the true expected loss payment is between 0% and 
15%. 

12o See the Internal Revenue Code §846(d)(3)(G): "If the amount of the losses treated as paid in the 9th 
year after the accident year is zero or a negative amount, subparagraphs (C)(ii) and (D) shall be applied by 
substituting the average of the losses treated as paid in the 7th, 8th, and 9th years after the accident year for 
the losses treated as paid in the 9th year after the accident year." A literal reading of this paragraph implies 
that the cap for the years subsequent to the tenth year is changed, but the negative assumed payment for the 
tenth year remains. 
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The negative assumed payment in the oldest accident year (2000) stems from a statistical 
fluctuation - slightly lower claims remaining open in the ninth year (2001) than expected. 

The average assumed loss payment in the three oldest accident years is 1/3 x (-3.64% + 
9.47% + 5.92%) = 3.92%. This figure replaces the-3.64% in accident year 2000 before the 
extended payment pattem is computed. 

If the average of the three oldest accident years is still negative, the average of the four oldest 
accident years is used. If this average is still negative, the average of the five oldest accident 
years is used. One continues in this fashion until one comes to the average of all ten accident 
years. This average cannot be negative. 

NEGATIVE DISCOUNT FACTORS 

It is possible for one or more of the computed accident year discount factors to be zero or 
negative. A negative discount factor can result only if the assumed amount paid is also 
negative in some year. However, most negative assumed amounts paid do not cause 
negative discount factors. 

A negative discount factor has no financial meaning. A discount factorof 80% means that the 
present value of a $100,000 future cash flow is $80,000. A rational investor with no risk 
aversion would be indifferent between $80,000 paid now and the $100,000 cash flow when 
it is actually paid. By the same interpretation, a discount factor of-40% would mean that an 
investor is indifferent between paying $40,000 now and receiving the $100,000 when the cash 
flow is actually received. This does not make sense. 

Because a negative discount factor is not reasonable, the negative factor is replaced by an 
interpolated factor between the nearest positive discount factors on both sides. Simple linear 
interpolation is used. 

Illustration:The computed loss reserve discount factors for accident years AY+7, AY+8, and 
AY+9 are +80%, -35%, and +85%. The negative discount factor of-35% is replaced by the 
interpolated factor of +80% + Y2 (85% - 80%)  = 82 .5%.  

Illustration: The computed loss reserve discount factors for accident years AY+6, AY+7, AY+6, 
and AY+9 are +70%, -35%, -45%, and +85%. The negative discount factors of -35% and 
-45% are replaced by the interpolated factors of +70% + % (85%- 70%) = 80% and +70% 
+ 1/3 (85% - 70%)  = 75%.  

NEGATIVE DISCOUNT FACTORS AND NEGATIVE PAYMENTS 
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Negative discount factors stem from negative assumed loss payments. The negative 
assumed loss payments stem from the quirks of the IRS loss reserve discounting procedure, 
not from negative loss payments or from data errors in the company's historical records. 12~ 

If the negative assumed loss payment occurs in the oldest accident year shown in Schedule 
P, it is replaced by the average of the assumed loss payments in the three oldest accident 
years. If the negative assumed loss payment occurs in any other accident year, it is not 
changed. Only negative loss reserve discount factors are replaced by positive ones. 

TAX LIABILITIES AND REFUNDS 

If the computed loss reserve discount factors for accident years AY+7, AY+8, and AY+9 are 
+80%, +10%, and +85%, no change is made, though the +10% discount factor for year AY+8 
is unreasonable. This sequence of discount factors causes a large tax liability in one year 
followed by a tax refund in the subsequent year for a given line of business. 

Illustration: The expected loss reserves for accident year 20X1 are $50 million, $45 million, 
and $40 million at year-end 20X7, 20X8, and 20X9, with expected payments of $5 million in 
each year. The statutory incurred loss from the runoff of the reserves is $0 in each year. If the 
loss reserve discount factors are 80%, 10%, and 85%, the tax basis incurred losses are as 
follows (figures in millions of dollars). 

Exhibit Tx. 11: Unreasonable Loss Reserve Discount Factors (dollars in millions) 

Calendar Year Paid Loss Change in Loss Reserve 

20x8 $5 $45 x 10% - $50 x 80% = -$35.5 

20x9 $5 $40 x 85% - $45 x 10% = $29.5 

Incurred Loss 

-$30.5 

$34.5 

This effect is submerged within the other tax liabilities and tax refunds of the company, and it 
is generally not noticeable. The majority of negative assumed loss payments produce positive 
but unreasonable loss reserve discount factors. 

12, Negative loss payments are possible, though theyare rare. Theycan result from unanticipated salvage 
and subrogation or from unanticipated reinsurance recoverables. They can also result from a failure to accrue 
anticipated salvage and subrogation or a failure to accrue anticipated reinsurance recoverable. 

The company's interpretation of =net amounts" also affects the figures. Net paid losses in Schedule P means 
direct plus assumed paid losses minus ceded paid losses. One might presume that this means the direct plus 
assumed losses paid minus the reinsurance recoverables actually received. This is not the case. Net paid 
losses means the direct plus assumed losses paid minus the reinsurance recoverables received or anticipated 
on these toss payments. See SSAP No. 53, =Property-Casualty Contracts - Premiums," SSAP No. 62, 
"Property and Casualty Reinsurance," 7oheved and Sareson [2002], and Feldblum [2002: Schedule F]. 
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Exhibits A.3 and A.4 on pages 244 and 245 illustrate this. Exhibit A.4 uses the same other 
liability illustration worked out above, with a change in the paid losses for accident year 2002 
from $60,000 to $69,000. The incremental paid to incurred ratio for accident year 2001 
becomes -9.86%, the discounted loss reserve for accident year 2002 becomes -1.36%, and 
the loss reserve discount factor for accident year 2002 is -95%. The negative loss reserve 

discount factor is replaced a positive factor of V2 x (82.5189% + 77.4439%) = 79.9814%. 

Exhibit A.3 shows the same scenario, but the accident year 2002 paid losses are changed 
to $68,000, not $69,000. The incremental paid to incurred ratio for accident year 2001 
becomes-8.43%, the discounted loss reserve for accident year 2002 becomes 0.02%, and 
the loss reserve discount factor for accident year 2002 is less than 1% (0.6645%). This 
scenario is also unreasonable, but it is retained by the IRS rules, lz2 

COMPOSITE DISCOUNT FACTORS 

The loss reserve discount factors calculated above are applied to the unpaid losses for the 
appropriate accident year. Schedule P shows loss reserves by accident year only for the ten 
most recent years, to which ten separate loss reserve discount factors are applied. The 11th 
through 15 th loss reserve discount factors are applied to the reserves in the Schedule P prior 
years row, which is not divided into the component accident years. 

The I RS loss reserve discounting procedure assumes that all losses are paid no later than the 
16 th year. The prior years row in Schedule P contain losses that will be paid in the 12 th 
through the 16 th year, which use the loss reserve discount factors for years AY+11 through 
AY+I 5. A composite discount factor is formed from the five individual discount factors for 
application to the prior years row. 

Each discount factor is the ratio of discounted reserves to undiscounted reserves for a given 
accidentyearat a given valuation date. For instance, the "tenth" accident year2010discount 
factor for AY+10 represents the discounted reserves for accident year 2010 at December 31, 
2020, divided by the undiscounted reserves for accident year 2110 at December 31,2020. 
This discount factor is computed in tax year 2010, not in tax year 2020. 

We explain the calculation of the composite discount factor by illustration. 

1~ The disregard for financial reason evident in these IRS rules diminishes the public's respect for the IRS 
loss reserve discounting procedure. The IRS would do well to amend the procedures in accordance with sound 
actuarial techniques. The Casualty Actuarial Society and the American Academy of Actuaries would do well 
to formally recommend the necessary changes to the U.S. Treasury. An interim correction would be to smooth 
the pattern of assumed payments. This would at least eliminate unreasonable factors, though ideally a sound 
actuarial procedure should be used instead. 
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ILLUSTRATION: COMPOSITE DISCOUNT FACTORS 

For tax year 2019, Schedule P shows ten individual accident years: 2010 through 2019. 
Previous accident years-2009 and prior- are grouped in the prior years row. Since the I RS 
loss reserve discounting procedure assumes that all losses are paid by the 16 th year, we 
assume that the loss reserves in the prior years row represent losses from accident year 2005 
through 2009. 

We form a composite discount factor based on the following discount factors: 

• Accident year 2005 discount factor for a valuation date 15 years after inception of year. 
• Accident year 2006 discount factor for a valuation date 14 years after inception of year. 
• Accident year 2007 discount factor for a valuation date 13 years after inception of year. 
• Accident year 2008 discount factor for a valuation date 12 years after inception of year. 
• Accident year 2009 discount factor for a valuation date 11 years after inception of year. 

Some of these loss reserve discount factors use the same loss payment pattern. However, 
they all use different discount rates, and they are computed in separate years. 

Suppose these five loss reserve discount factors are as shown below: 

Accident 
Year (1) 

Exhibit Tx. 12: Composite Discount Factor 

Valuation Date 
(2) ** 

Undiscounted 
Reserve (3) 

Discounted 
Reserve (4) 

Discount 
Factor (5) 

2005 AY + 15 5.0% 4.8% 96.9% 

2006 AY + 14 7.2% 6.8% 93.9% 

2007 AY + 13 9.1% 8.3% 91.0% 

! 2008 AY + 12 11.7% 10.3% 88.2% 

2009 AY + 11 13.3% 11.4% 85.4% 

Total prior years row 46.3% 41.6% 89.8% 

** For all the accident years, the valuation date is December 31,2020. The Internal Revenue 
Code refers to this as AY+15 for accident year 2005, AY+14 for accident year 2006, etc. 

The calculation of the individual discount factors has been explained earlier. Each discount 
factor in column 5 is the ratio of the discounted reserves in column 4 to the undiscounted 
reserves in column 3. The reserve figures in columns 3 and 4 are expressed as percentages 
of the corresponding year's incurred losses. We compute the total of the five percentages for 
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the discounted reserves and the undiscounted reserves. We divided these totals to obtain the 
composite discount factor for the prior years row. 

Using a simple average to obtain the "total" row assumes that each year has the same volume 
of incurred losses. It might seem better to weight the discount factors by the actual 
percentage of incurred losses by accident year in the prior years row. However, the IRS 
bases the loss reserve discounting procedure on information contained in the Annual 
Statement. The distribution of the prior years row reserves by accident year is not found in the 
Annual Statement. 

Taxpayer's Election 

The Secretary of the Treasury revises the line of business loss payment patterns every five 
years, using aggregate (industry-wide) Schedule P data. The first loss payment patterns were 
determined in eady 1987 for the 1987 through 1991 tax years. 123 The industry-wide Schedule 
P data were those contained in the most recent Best's Aggregates andAveragesthat was 
available in early 1987. This was the 1986 edition of Best's Aggregates and Averages, 
containing data from the 1985 Annual Statements. 

The Treasury redetermines the loss payment patterns every five years; these are the years 
1992, 1997, 2002, 2007, and so forth. The loss payment patterns apply to that year and the 
four subsequent years (1992-1996; 1997-2001; and so forth). 

The loss payment patterns are determined once every five years, but the discount rate is 
recomputed each year. The loss reserve discount factors change each year, since the 
discount rate changes, even though the loss payment patterns may remain the same. 

The Treasury recognizes that the aggregate industry loss payment patterns may not be 
appropriate for some insurers. 

Illustration: The aggregate industry-wide other liability loss payment pattern assumes a 
long average lag between the occurrence of accidents and the settlement of claims. 
Insurer ABC writes relatively quick settling premises and operations coverage for offices, 
showrooms, and retail stores. Since its claims settle more quickly than the industry 
averages, it should be able to use discount factors closer to unity, thereby giving higher 
discounted loss reserves, a greater offset to taxable inco'me, and lower tax liabilities. 

At determination years, each insurer may elect to use its own data to compute the loss 
payment patterns for the next five years. The election is made with the tax return for the 
determination year, which is filed a few months after the end of the year. 

1~3 Preliminary loss payment patterns were determined in 1996 for review by the IRS staff and 
Congressional committees. 
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Illustration: On its 2007 tax return, filed in early 2008, Insurer ABC may elect to use its own 
data for the loss payment patterns used to compute the loss reserve discount factors for 
accident years 2007 through 2011. 

If the insurer elects to use its own data, it recomputes the loss payment pattern each year, 
though each accident year's loss reserve discount factors are still 'Mntaged," or'~rozen." For 
each accident year's loss reserve discount factors, the insurer uses the most recent Schedule 
P data that has been filed before the beginning of the accident year. 

Illustration: On its 2007 tax return, Insurer ABC elects to use its own data for the loss 
payment patterns used to compute the loss reserve discount factors for accident years 
2007 through 2011. For the 2007 accident year, it uses 2005 Schedule P data; for the 
2008 accident year, it uses 2006 Schedule P data; and so forth. This is the same ' lwo 
year lag" as occurs with industry-wide loss reserve discount factors. 

An election to use one's own data applies to all lines of business. An insurer may not elect 
to use its own data for some lines of business and the industry data for other lines. TM 

ELECTION RESTRICTIONS 

For two types of business an insurer must use the industry-wide loss reserve discount factors 
and may not use its own data: 

• An insurer may not use its own data for the international line of business or for the 
reinsurance lines of business. 12s 

• An insurer's election to use its own data does not apply to any line of business for 
which it "does not have sufficient historical experience to determine a loss payment 
pattern" [IRC §846(e)(4)(A)]. 

The 1986 conference reports, as well as the 1988 Treasury regulation 88-100, interpreted the 
latter provision to mean that an insurer whose reserves in a given line of business were 
smaller than those of 90% of other insurers may not use its own data to determine the loss 
payment patterns. 1~ Small companies complained that this provision discriminated against 

1z4 See Treasury regulations 2001FED 26,330C, §1.846-2, Election by taxpayer to use its own historical 
loss payment pattern: "A taxpayer making the election must use its own historical loss payment pattern in 
discounting unpaid losses for each line of business that is an eligible line of business in that determination 
year." 

12s See Internal Revenue Code ~846(e)(3) =No election under this subsection shall apply to any 
international or reinsurance line of business"; see also § 846(d)(3)(E). 

1~ See Regulation 88-100, §111: "Until further guidance is issued, such statistically significant amount is 
business in at least the 10th percentile of industry-wide reserves for a line of business for the determination year 
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them. In 1991,theSecretaryoftheTreasuryspecificallyrevokedthisprovision. Instead, the 
insurer must have data for all ten accident years shown in Schedule P to use its own data for 
that line of business. 127 

The adequacy of an insurer's loss reserves has a large effect on its election to use its own 
data. An insurer with less adequate loss reserves than those of the industry is more likely to 
gain from using its own data. 

Illustration: In 20X9, the industry-wide Schedule P for a given line of business shows 
accident year 20X9 cumulative paid losses of $100 million and incurred losses of $400 
million, indicating that 25% of losses are paid in the first 12 months. Insurer ABC, which 
holds less adequate loss reserves, shows $3 million of accident year 20X9 cumulative 
paid losses and $10 million of incurred losses, indicating that 30% of losses are paid in 
the first 12 months. Insurer ABC seems to pay its losses more rapidly, so its discount 
factor should be closer to unity, its offset to taxable income should be larger, and its tax 
liability should be smaller. In truth, insurer ABC may have the same loss payment pattern 
as the industry has, but it may be holding less adequate loss reserves. 

ANTICIPATED SALVAGE AND SUBROGATION 

The loss reserves that are an offset to taxable income must be net of anticipated salvage and 
subrogation. 12s If the insurer does not disclose that the unpaid losses in Schedule P are net 
of anticipated salvage and subrogation, the IRS assumes they are gross of anticipated 
salvage and subrogation and requires a reduction for the anticipated amounts. Column 23 
of Schedule P, Part 1 provides this disclosure by accident year and by line of business. 1~ 

with respect to which the election is made." 

127 See Treasury regulation 2001 FED 26,330C, §1.846-2, Election by taxpayer to use its own historical 
loss payment pattern: "A line of business is an eligible line of business in a determination year i f . . .  the 
taxpayer reports losses and loss expenses incurred.. ,  for at least the number of accident years for which 
losses and loss expenses incurred for that line of business are required to be separately reported on that annual 
statement." 

128 See IRC §846(e): An insurance company is required to take estimated salvage recoverable (including 
that which cannot be treated as an asset for state statutory accounting purposes) into account in computing 
the deduction for losses incurred. 

12~ See the Internal Revenue Code, section 846(2) "A company is allowed to increase the unpaid losses 
shown on its annual statement only if the company. . ,  discloses on its annual statement, by line of business 
and accident year, the extent to which estimated salvage recoverable is taken into account in computing the 
unpaid losses shown on the annual statement..." 
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The anticipated salvage and subrogation that must be subtracted from the unpaid losses is 
the discounted anticipated salvage and subrogation. The discount factors are determined by 
the Treasury. Companies may elect to use their own discount factors for loss reserves, but 
they must use the Treasury discount factors for anticipated salvage and subrogation. 13° 

COMPUTATIONAL SEQUENCE 

The sequence for determining the offset to taxable income from loss reserves is as follows: 

Step 1. 
Step 2. 

Step 3. 

Step 4. 

Step 5. 

Step 6. 

Step 7. 

Total net losses and expenses unpaid are taken from Schedule P, Part 1, column 24. 
The salvage and subrogation anticipated from Schedule P, Part 1, column 23, is 
added. 
The tabular discounts for loss reserves from Note 27 are added. This amount is the 
unpaid losses gross of all discounts and of anticipated salvage and subrogation. 
The Schedule P, Part 1, loss reserves are gross of the non-tabular discounts shown 
in Schedule P, Part 1, columns 32 and 33. However, these non-tabular discounts 
must be disclosed as well. 
The gross loss reserves are discounted using either (i) the industry loss reserve 
discount factors published by the Treasury or (ii) the company's own loss reserve 
discount factors, depending on the election made by the company in the most recent 
determination year. 
The gross anticipated salvage and subrogation is discounted using the Treasury 
discount factors. 
The discounted anticipated salvage and subrogation is subtracted from the 
discounted loss reserves to give the discounted reserves net of anticipated salvage 
and subrogation. The change in these discounted reserves is the loss offset to 
taxable income. TM 

13o Until recently, companies did have the option of their own discount factors for anticipated salvage and 
subrogation. Treasury regulation 2001FED 26,153, §1.832-4, says that "except as otherwise provided in 
guidance published by the Commissioner in the Intemal Revenue Bulletin, estimated salvage recoverable must 
be discounted either (1) by using the applicable discount factors published by the Commissioner for estimated 
salvage recoverable; or (2) by using the loss payment pattern for a line of business as the salvage recovery 
pattern for that line of business and by using the applicable interest rate for calculating unpaid losses under 
section 846(c)." Guidance explicitly revoking this choice was issued in 2001. 

131 The IRS has issued extensive rules relating to the 1991 "fresh start" for anticipated salvage and 
subrogation, with insurers classified as "grossers" and "netters," and to various permitted discount factors in 
earlier years. These rules are not relevant to current and future tax years. 
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Deferred Tax Assets 

The computation of the admitted portion of the deferred tax asset stemming from IRS loss 
reserve discounting is based on two items: 

• the loss reserve discount factors by accident year and by line of business for the 
current valuation date and for the valuation date 12 months hence, and 

• the company's loss payment pattern by line of business. 

The IRS loss payment pattern is used to compute the loss reserve discount factors. The 
actuary's estimated loss payment pattern is used to compute the admitted portion of the 
deferred tax asset. 

Of all the changes in the NAIC's codification project, the deferred tax asset stemming from I RS 
loss reserve discounting has the greatest effect on policy pricing and company valuation; see 
Kelly, eta/. [2002: prms]. We present first the requisite background explanations of deferred 
tax assets and liabilities, and we illustrate the loss reserve discounting procedures that rely 
on Schedule P data. 

CURRENT TAXES VS DEFERRED TAXES 

There are two ways of accounting for federal income taxes: 

• The incurred tax liability is the tax liability actually incurred by the taxpayer, based on the 
provisions of the Internal Revenue Code, or 

• The accrued tax liability is the tax liability implied by the company's balance sheet, whether 
GAAP or statutory. 

Current taxes are the incurred tax liability. The current year's change to the deferred tax asset 
or liability is the difference between the incurred tax liability and the accrued tax liability. 132 
The change to the deferred tax asset or liability is a direct charge or credit to surplus shown 
on line 24 of the NAIC Annual Statement. 

Before 2001, insurers could not admit any deferred tax asset or liabilities on the statutory 
balance sheet. In contrast, GAAP recognizes deferred tax assets and liabilities if they are 

1~ This definition uses a retrospective computation. SFAS 109 requires a prospective computation, which 
may be different if the tax rate changes or if there are other changes in tax regulations. For simplicity, we use 
the retrospective viewpoint at first. We explain the prospective viewpoint further below. 

550 



expected to be realized; see SFAS 109. With the implementation of codification in 2001, 
statutory accounting recognizes deferred tax liabilities and a portion of deferred tax assets. 

Permanent Differences and Timing Differences 

Tax accounting differentiates between permanent differences and timing differences, as 
defined below. 

• Permanent differences are differences that do not reverse in later accounting pedods. 
The tax exemption for municipal bond interest is a permanent difference. 

a Timing differences are differences that reverse in later accounting periods. The revenue 
offset provision creates a timing difference between statutory income and taxable income. 

An altemative perspective is to view permanent differences as differences in the tax rates 
applicable to different sources of income; see Kelly, eta/. [2002: prms]. For property-casualty 
insurers, both corporate bond income and municipal bond income are taxable income, but the 
former has a 35% tax rate and the latter has a 5.25% tax rate. 

Income Statement vs Balance Sheet 

It is tempting to define timing differences as differences in the timing of income between the 
book income statement (i.e., GAAP or statutory) and the tax income statement. This is not 
correct. 

Timing differences are differences between the tax income statement and the income 
statement implied by the GAAP or statutory balance sheet. 1~ 

UNREALIZED CAPITAL GAINS AND LOSSES 

For each accounting year, we compute the difference between the book value and the cost 
of the financial asset. The change in this difference from the previous year to the current year 
is the unrealized capital gain or loss. For common stocks, the book value is the market value. 

Unrealized capital gains and losses are admitted on the statutory (as well as GAAP) balance 
sheet, though they do not flow through the income statement. They are direct charges and 
credits to surplus, not a portion of net income. 

For tax purposes, capital gains and losses are not part of income until they are realized. 

'33 This definition is particularly relevant to the deferred tax liabilities and assets  stemming from unrealized 
capital gains and losses. For the deferred tax assets stemming from revenue offset and loss reserve 
discounting, we could use the difference between statutory income and taxable income. 
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• Unrealized capital gains increase the book value of common stocks on the statutory 
balance sheet. There is no tax liability in the current tax year. Instead, the reporting 
company shows a deferred tax liability. 

• Similarly, unrealized capital losses decrease the book value of common stocks on the 
statutory balance sheet. There is no tax refund in the current tax year. Instead, the 
reporting company shows a deferred tax asset. 

I l l u s t r a t i o n  

ABC Insurance Co buys common stock for $50 million on December 31,20XX. 

• On December 31,20XX+l,  the common stock are worth $40 million; 
• On December 31,20XX+2, the common stock are worth $60 million; and 
• On December 31,20XX+3, the common stock are worth $80 million. 

The federal income tax rate is 35%. On December31,20XX+3, the ABC Insurance Company 
sells the common stock. We calculate the following accounting entries: 

• The unrealized capital gains and losses in years 20XX+l, 20XX+2, and 20XX+3. 
• The realized capital gains and losses in years 20XX+I, 20XX+2, and 20XX+3. 
• The deferred tax assets and liabilities in years 20XX+I, 20XX+2, and 20XX+3. 

Taxyear2OXX+l 

The market value of the stock has decreased by $10 million. The stock has not been sold yet, 
so the capital loss is unrealized. There are no realized capital gains and losses. 

• On December 31,20XX, book value - cost -- $50 million - $50 million = $0. 
• On Dec 31,20XX+I, book value - cost = $40 million - $50 million = -$10 million. 
• The unrealized capital gain or loss = -$10 million - $ 0  million = - $ 1 0  million. 

The current balance sheet shows a decline of $10 million. When the stocks are sold, ABC 
Insurance Company will have an income loss of only $6.5 million, since the capital loss can 
offset other capital gains, and the company's tax liability will be reduced by $3.5 million. There 
is a $3.5 million deferred tax asset on the 20XX+I balance sheet. 

Tax year 20XX+2 

The stock prices have increased. The unrealized capital gain is the change in the difference 
between book value and cost of the stocks. The unrealized capital gain for 20XX+2 is $20 
million. The realized capital gain is again zero, since the stocks have not been sold. 

• On December 31,20XX+l, book value - cost = $40 million - $50 million =-$10 million. 
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• On December 31,20XX+2, book v a l u e -  cost = $60 million - $50 million = +$10 million. 
• The unrealized capital gain or loss = +$10 million - ( -$10 million) = +$20 million. 

The company's balance sheet is $20 million stronger than i twas a year ago. However, if the 
stocks were sold now, the company would realize a gain of only $13 million, since $7 million 
would go to taxes. The change in the deferred tax assets and liabilities is a credit of $7 
million. Since we began with a deferred tax asset (a debit) of $3.5 million, we now have a 
deferred tax liability (a credit) of $3.5 million. 

Tax year 20XX+3 

The company sells the stock. The difference between market value and cost of the stocks is 
now $0 (since there are no more stocks on the balance sheet), so the unrealized capital gain 
is -$10  million. 

• On December 31,20XX+2, book v a l u e -  cost = $60 mi l l ion-  $50 million = +$10 million. 
• On December 31,20XX+3, book value - cost --- $0 million - $0 million = $0 million. 
• The unrealized capital gain or loss = $0 million - ($10 million) = -$10 million. 

The realized capital gain, which is defined as the sale price minus the purchase price, is +$30 
million. The deferred tax assets and liabilities are now zero. TM 

Statutory Recognition of Deferred Tax Assets 

All deferred tax liabilities are recognized on the statutory balance sheet. For most deferred 
tax assets, the admitted statutory portion equals the entire asset, and statutory accounting is 
the same as GAAP? ~ In certain instances, only a portion of the deferred tax assets are 

1~ Unrealized capital gains and losses give rise to deferred tax liabilities and assets, respectively. 
Realized capital gains and losses affect current taxes; they do not give rise to deferred tax assets and 
liabilities. An exception stems from the rule that capital losses can offset capital gains but not operating gains. 

If capital losses exceed capital gains, the company may carry forward the unused capital losses. The tax rate 
times the unused capital loss is a deferred tax asset, not a deduction in current tax liabilities. 

Capital losses can be carried forward a limited number of years. If during these years the company has not 
realized sufficient capital gains to offset all the capital losses, the remaining capital losses expire unused, and 
the deferred tax asset is removed. 

1~ There are two potential differences between GAAP and statutory accounting even when the full deferred 
tax asset passes the 12 month test: 

• Some companies use a valuation allowance on the GAAP balance sheet for deferred tax assets and 
liabilities that may not reverse._ 

• Some companies use fair values, or discounted values, for deferred tax assets and liabilities that may 
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recognized on the statutory balance sheet. This applies particularly to the deferred tax asset 
stemming from IRS loss reserve discounting for medium- and long-tailed lines of business. 

SSAP No. 10, "Income Taxes," paragraph 10, says: 

Gross DTAs shall be admitted in an amount equal to the sum of: 

a Federalincome taxes paid in prioryears thatcan be recovered through loss carrybacks 
for existing temporary differences that reverse by the end of the subsequent calendar 
year; 

b Thelesserof: 

L The amount of gross DTAs, after the application ofparagraph 10 a., expected to be 
realized within one year of the balance sheet date; or 

ii. Ten percent of statutory capita! and surplus as required to be shown on the statutory 
balance sheet of the reporting entily for its most recently filed statement with the 
domiciliary state commissioner adjusted to exclude any net DTAs, EDP equipment 
and operating system software and any net positive goodwill; and 

ill. The amount of gross DTAs, after application of paragraphs 10 a. and 10 b., that can 
be offset against existing gross DTLs. 

A gross deferred tax asset is admissible if it will reverse within one year, as required by 
paragraph (a) and by paragraph (b.i). 

The limitation of 10% of surplus in paragraph (b.ii) is rarely applicable. Few companies have 
deferred tax assets that will reverse in the coming year and that exceed 10% of policyholders' 
surplus. The deferred tax asset stemming from IRS loss reserve discounting is large, but most 
of this deferred tax asset does not reverse within one year. 

The offsetting against existing gross deferred tax liabilities mentioned in paragraph (b.iii) is 
relevant for companies with large unrealized capital gains from common stock holdings. The 
actuary should take this provision into account when quantifying the admitted portion of the 
deferred tax asset. 

Common stock that has suffered an unrealized capital loss may be sold within the next 12 
months to realize the tax benefits. A literal reading of the SSAP would permit the recognition 
of the deferred tax asset only if the company expects to realize the capital loss during the 
coming calendar year. In practice, most auditors do not require an explicit company 
expectation to realize the loss in order to admit the deferred tax asset. 

not reverse for many years. 
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Revenue Offset 

The deferred tax asset stemming from revenue offset is similar to the deferred tax asset 
stemming from loss reserve discounting. For annual policies, the entire deferred tax asset will 
reverse during the coming year, and it is fully admitted on the statutory balance sheet. 

BACKGROUND 

All acquisition expenses flow through the statutory income statement when they are incurred. 
No deferred policy acquisition cost (DPAC) asset is entered on the statutory balance sheet. 

On GAAP financial statements, acquisition expenses are capitalized on the balance sheet 
and amortized through the income statement over the term of the policy. The DPAC asset 
depends on the actual expenses incurred by the company. 

For tax purposes, 20% of the written premium is treated as acquisition expenses that are 
capitalized and amortized over the term of the policy. 1~ More precisely, the revenue offset 
provision defines the taxable earned premium. 

• Statutory earned premium equals written premium minus the change in the unearned 
premium reserves. 

• Taxable earned premium equals written premium minus 80% of the change in the 
unearned premium reserves. 

ILLUSTRATION: DPA C OF 20% 

An annual policy with a premium of $1,000 and acquisition expenses of $200 is written on 
December 31,20XX. 

• The statutory balance sheet shows a loss of $200. The written premium of $1,000 is 
offset by the unearned premium reserve of $1,000, and the incurred acquisition cost 
of $200 flows through the income statement. 

• For tax purposes, the $1,000 written premium is offset by only $800 of unearned 
premium reserves, leaving a $200 gain. This $200 gain combined with the $200 
acquisition cost yields a $0 net gain or loss. 

The income implied bythe statutory balance sheet-taxable income =-$200-$0 =-$200. 

In 20XX+I, statutory earned premium is $1000, since the entire unearned premium reserve 
is taken down over the course of the year. The taxable income is $800, since only 80% of the 

1~ Life and health insurers and annuity writers have a similar "DAC-tax." 
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change in the unearned premium reserve is considered. For 20XX+l, the income implied by 
the statutory balance sheet - taxable income equals $1000 - $800 = $200. 

At the end of 20XX+I, the statutory balance sheet equals the implied tax balance sheet. Both 
show net cash received of $1000 - $200, or the wdtten premium minus the acquisition 
expense. The temporary balance sheet difference at December 31,20XX fully reverses by 
December 31,20XX+I. 

At December 31, 20XX, taxable income is $200 greater than the income implied by the 
statutory balance sheet. The tax liability for 20XX is 35% x $200 = $70 greater than the tax 
liability that would be determined from the statutory balance sheet. Since the $70 difference 
will reverse over the coming 12 months, it is recognized as a deferred tax asset on the 
statutory balance sheet. 

The deferred tax asset on the statutory balance sheet does not depend on the amount of 
actual acquisition expenses. In contrast, the deferred tax asset on the GAAP balance sheet 
depends on the size of the GAAP deferred policy acquisition cost asset relative to the 20% 
assumption in the revenue offset provision. 

ILLUSTRATION" DPAC OTHER THAN 20% 

A company writes and collects a $1000 annual premium on December 31,20XX. Acquisition 
expenses of $250 are incurred (and paid) on December 31,20XX. The marginal tax rate on 
underwriting income is 35%. All acquisition costs are deferrable under GAAP. 

Taxable underwriting income for 20XX is $200 (taxable premium income from revenue offset) 
- $250 (acquisition expenses) =-$50. The tax outflow is a negative $17.50 (or a tax refund 
of $17.50). 137 

The taxable premium income may be evaluated in either of two ways. 

• Taxable earned premium = wdtten premium minus 80% of the change in the uneamed 
premium reserves = $1000 - 80% x $1000 = $200. 

• Taxable earned premium = statutory earned premium plus 20% of the change in the 
unearned premium reserves = $0 + 20% x $1000 = $200. 

The tax liability is 35% times the taxable income: 35% x ($200 - $250) = -$17.50. 

Taxable underwriting income for 20XX+l equals $800 of taxable premium income. The tax 
outflow is $800 x 35% = $280.00. Written premium during the year is $0 and the unearned 

137 The tax refund stemming from negative taxable income offsets tax liabilities stemming from positive 
taxable income on other insurance contracts. There is no need to presume tax carrybacks or carryforwards. 

556 



premium reserve declines from $1000 to $0. We use the same two computation methods: 
(i) $0 - 80% x (-$1000) = $800, or (ii) $1000 + 20% x (-$1000) = $800. 

A deferred tax asset of $70 stemming from the revenue offset provision is entered on the 
balance sheet on December 31,20XX, and it is amortized over the course of the policy term. 
The full deferred tax asset from revenue offset is recognized on the statutory balance sheet, 
since it reverses within 12 months of the balance sheet date (for annual policies). 

On GAAP financial statements, the book income for 20XX is $1000 - $0 = $1000, since all 
acquisition expenses are capitalized. The taxable income is -$50 (as above), and the tax 
liability is -$17.50 (i.e., a refund). GAAP shows a deferred tax liability (not an asset) of 
$17.50, exactly offsetting the tax refund. 

LOSS RESERVE DISCOUNTING 

The statutory incurred losses are the paid losses plus the change in the undiscounted loss 
reserves. The taxable incurred losses are the paid losses plus the change in the discounted 
loss reserves. The difference between statutory and taxable incurred losses is a timing 
difference. The change in the deferred tax asset is 35% of this difference. 

Illustration: A policy is issued on January 1,20XX, for a premium of $1000 and expenses 
of $200. Losses of $800 are incurred in 20XX, of which half are paid in 20XX and half are 
paid in 20XX+I. The IRS loss reserve discount factor at the 12 month valuation is 90%. 
For simplicity, we assume that the companies earns no investment income. 

• The statutory incurred losses in 20XX are $400 of paid losses plus $400 of loss 
reserve change =$800. Statutoryincomeis$1000-$200-$800=$0. The accrued 
taxes on income of $0 is $0. 

• The taxable incurred losses in 20XX are $400 of paid losses plus $360 of change in 
discounted loss reserves = $760. Taxable income is $1000- $200-  $760 = $40. The 
tax liability on $40 is $14. 

The difference between the income implied by the statutory balance sheet and taxable income 
is $0 - $14 = -$14. The gross deferred tax asset is $14. 

Only the portion of the deferred tax asset that reverse within 12 months is admitted on the 
statutory balance sheet. We examine the statutory income and taxable income for 20XX+I. 

The statutory incurred losses in 20XX+l are $400 of paid losses plus -$400 of loss 
reserve change = $0. There is no premium or expense in 20XX+I, so statutory 
income is $0. The accrued taxes on income of $0 is $0. 
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The taxable incurred losses in 20XX+l are $400 of paid losses plus-S360 of change 
in discounted loss reserves = $40. There is no premium or expense in 20XX+I, so 
taxable income is $0 - $40 = -$40. The tax liability is 35% x (-$40) = -$14. 

The full difference between statutory and taxable income reverses in 20XX+l, so the full 
deferred tax asset of $14 is admitted on the statutory balance sheet. 

Twe lve  M o n t h  Reversa l  

We present the formula for com puting the admitted portion of the deferred tax asset stemming 
from loss reserve discounting. The computations are done separately by line of business and 
by accident year. 

Illustration: For accident year 20XX in a given line of business, the loss reserve discount 
factors are Z~ at December 31,20YY, and 7-2 at December 31,20YY+I. Let "R" be the held 
loss reserves at December 31, 20YY. Let "P" be the percentage of accident year 20XX 
reserves that will be paid during calendar year 20XX. 

• At December 31,20YY, the difference between statutory and taxable income for accident 
year 20XX is R x (1 - Z1). The gross deferred tax asset is 35% x R x (1 - Z1). 

a At December 31, 20YY+I, the difference between statutory and taxable income for 
accident year 20XX is R x (1 - P) x (1 - Z2). The gross deferred tax asset is 35% x R x 
(1 - P) x (1 - Z2). 

• The admitted portion of the deferred tax asset on the statutory balance sheet at December 
31,20YY is 35% x R x [(1 - Z1) - (1 - P) x (1 - Z2)]. 

The value of"P" depends on the actuary's best estimate of the loss payment pattem. It is not 
the same as the IRS loss payment pattem. To estimate the pattern, we must derive actuarially 
justified discount factors. 

Actuar ia l  D i s c o u n t  Factors  

The percentage of losses expected to be paid by each valuation date is the reciprocal of the 
paid loss development factor. 1~ We reproduce below the paid loss development factors from 
the illustration earlier in this paper. 

1~ See Feldblum [2002: SB] for a full discussion of this topic. 
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Exhibit DTA. 1: Paid Loss Development Test of Reserve Adequacy 

1 yr 2 yrs 3 yrs 4 yrs 5 yrs 6 yrs 7 yrs 8 yrs 9 yrs 

Pd LDF's 4.835 2.057 1.535 1.312 1.193 1.125 1.082 1.051 1.020 

LDF w/tail 5.319 2.263 1.689 1.443 1.312 1.238 1.190 1.156 1.122 

Reciprocal 18.8% 44.2% 59.2% 69.3% 76.2% 80.8% 84.0*/o 86.5% 89.1% 

Incr'tl Pd % 18.8% 25.4% 15.0./o 10.1% 6.9% 4.6% 3.2% 2.5% 2.6% 

The rows in the table are described below. 

• The "Pd LDF's" are the paid loss development factors from each development date to 10 
years of maturity, derived from Schedule P, Part 3, data. The paid loss development 
factor from 1 year to 10 years of maturity is 4.835. 

• The "LDF w/tail" is the paid loss development factors from each development date to 
ultimate, using a tail factor of +10%. The paid loss development factor from 1 year to 
ultimate is 5.319. 

• The"Reciprocar' of the paid loss development factor to ultimate shows the percentage of 
losses paid by the development date. The cumulative losses paid by 1 year after the 
inception of the accident year is 1/5.319 = 18.8% of ultimate paid losses. 

• The "lncr'tl Pd %" is the incremental paid losses during each development period as a 
percentage of ultimate paid losses. The losses paid between 1 year and 2 years after 
inception of the accident year are 44.2% - 18.8% = 25.4% of ultimate paid losses. 

L o s s  R e s e r v e  D i s c o u n t i n g  

For GAAP financial statements, the deferred tax asset from loss reserve discounting is 
treated in the same fashion as the deferred tax asset from revenue offset. Both are fully 
recognized on the balance sheet. 

ILLUSTRATION 

In the other liability loss reserve discounting illustration in this paper, the accident year 2009 
loss reserves for statutory and GAAP balance sheets on December 31,2009 are $180,000 
- $15,000 = $165,000. The corresponding discounted tax basis loss reserves are 

$165,000 × 77.8022% = $128,373.63. 

The difference between the GAAP loss reserves and the tax basis loss reserves is 

$165,000.00 - $128,373.63 = $36,626.37. 
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The addition to taxable income stemming from loss reserve discounting for accident year 
2009 at December 31,2009 is $36,626.27 x 35% = $12,819.23. This is the deferred tax 
asset on the GAAP balance sheet. 

The admitted portion of the deferred tax asset on the statutory balance sheet depends on the 
portion of the loss reserve that will still be unpaid in one year's time. This is an actuarial 
estimate; it is not the IRS provision used in the loss reserve discounting calculation. We may 
estimate this amount from Schedule P, Part 3, as discussed earlier. 

Suppose the projected paid loss link ratios for other liability are 8.000 at 12 months of 
development and 5.000 at 24 months of development. 

• At 12 months of development, 1/8.000 = 12.5% of incurred losses have been paid and 
1 - 1/8.000 = 87.5% of incurred losses are still unpaid. 

• At 24 months of development, 1/5.000 = 20.0% of incurred losses have been paid and 
1 - 1/5.000 = 80.0% of incurred losses are still unpaid. 

We expect 80.0% / 87.5% = 91.428571% of the Decernber 31,2009, accident year 2009 loss 
reserves to remain unpaid at December 31,2010. This amount is $165,000 x 91.4285714% 
= $150,857.14. The expected IRS discounted reserves at December 31,2010 equal this 
amount times the IRS loss reserve discount factor for accident year 2009 at 24 months of 
development, or 78.7611% in the other liability illustration: 

$150,857.14 X 78.7611% = $118,816.75. 
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Schedule P Interrogatories 

The Schedule P Interrogatories contain seven questions. Five of these have been discussed 
above along with the relevant Schedule P exhibits: 

• Interrogatory I shows a ten year exhibit of extended loss and expense reserves on 
claims-made policies for medical malpractice, other liability, and products liability. The 
caption for the first column says: "years in which premiums were earned and losses were 
incurred." The extended loss and expense reserves are policy reserves. They do not 
relate to earned premiums or incurred losses. It is unclear how the extended loss and 
expense reserves should be distributed by year in this exhibit. 

• Interrogatory2discloseswhetherthecompanyhasfollowedtherevisedNAICdefinitions 
of defense and cost containment and adjusting and other adjustment expenses. 

• Interrogatory 3 relates to the distribution of adjusting and other adjustment expenses 
payments and reserves by accident year. 

• Interrogatory4discloses loss reserve discounting and the resulting difference between 
the Underwriting and Investment Exhibit and Schedule P. 

• Interrogatory5discloses the net premiums in force for fidelity and surety business. Some 
companies use premiums in force to estimate the reserves for these lines of business. 

• Interrogatory 6 discloses whether claim counts are per claim or per claimant. 

The seventh interrogatory relates to estimates of reserve adequacy: 

Interrogatory 7: The information provided in Schedule P will be used by many persons 
to estimate the adequacy of the current loss and expense reserves, among otherthings. 
Are there any especially significant events, coverage, retention or accounting changes 
which have occurred which must be considered when making such analyses? 

The NAIC left this question quite general, so that companies would describe freely any 
changes in their experience. The Annual Statement Instructions list several items that should 
be described in this interrogatory: 

• A change in the method of counting claims. 
• The intercompany pooling of only a portion of the business. 
• Changes in the intercompany pooling arrangement. 
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Other material changes should also be noted. For example, if a company revises its tabular 
discount for permanent disability indemnity benefits on workers' compensation claims, either 
by changing the interest rate or by discounting different blocks of claims, this should be noted. 

Reserve Margins 

Calendar year underwriting results for the long-tailed lines of business are influenced by the 
adequacy of reserve margins for previously reported claims and by the strength of case and 
bulk reserves for newly reported claims. 

• tf the held reserves at the beginning of the calendar year were inadequate, the adverse 
loss development will dampen the current year's reported results. 

• Ifinadequatereservesaresetupfornewlyreportedclaims, thecalendaryearreported 
results will look better than they actually are. 

Ultimate claim costs in the liability lines of business are difficult to predict, since they are 
influenced by numerous external factors, such as unexpected judicial decisions, new causes 
of action, and social developments affecting claims consciousness and jury awards. 
Moreover, insurance underwriting cycles may lead company managements to smooth 
reported earnings by alternately strengthening and weakening loss reserves. 

Schedule P allows one to compare reported calendar year results with actual accident year 
results. Calendar year results are shown in the Underwriting and Investment Exhibits for net 
earned premiums on Part 2, column 4, and net losses incurred on Part 3, column 7. The 
calendar year loss ratio is shown in Part 3, column 8. 

The corresponding calendar/accident year figures are shown in Schedule P, Part 1, columns 
3 and 28. A triangle of accident year/exposure year loss ratios may be formed from the Part 
2 and Part 6 triangles. As noted earlier, one should adjust the Part 6 triangles to a net of 
reinsurance basis. 

RESERVE MARGIN CONTROVERSY 

Reserve margins have long been a controversial topic among casualty actuaries. Some 
actuaries maintain that discretionary reserve margins are improper, since they hamper 
accurate analysis of reserve adequacy. Other actuaries believe that reserve margins are 
sometimes appropriate or unavoidable. 

Illustration: A company may change its bulk reserves gradually from quarter to quarter, 
reducing the volatility in the actuarial reserve estimates. The smooth progression of 
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liabilities over time may better reflect management's reserving philosophy than the 
actuary's statistical estimates. As long as the held reserves exceed the minimum reserves 
considered to be reasonable, management's actions are not necessarily improper. 

Illustration: The statutory full-value reserves depend on the inflation rate between the 
accident date and the payment date of the losses. As the inflation rate changes, the full- 
value reserves should change as well, though the present value of the reserves does not 
necessarily change if the discount rate moves in tandem with the inflation rate. The 
company may use a long-term average inflation rate in its reserve estimates, and it may 
not revise the estimates with quarterly or yearly changes in the inflation rate. 1~ 

Changes in reserve margins may also stem from smoothing of calendar year results over 
underwriting cycles. The Schedule P, Part 2 triangles allow an analysis of reserve margin 
changes over calendar years. Casualty actuaries have used these triangles to examine three 
commonly held propositions about reserve margins. 

• Companies tend to move together. Some years, manycompanies are strengthening 
reserves; in other years, many companies exhibit reserve weakening. 

• Lines of business tend to move together. A company may seek to smooth overall 
operating results, not line of business results. 

• Reserve margin changes tend to offset earnings volatility over the course of the 
underwriting cycle. 

None of these propositions is universally accepted. Schedule P allows regulators and financial 
analysts to examine the industry's response to underwriting cycles, interest rate changes, and 
inflation rate changes. 

13~ The risk-based capital formula uses a flat 5% discount rate for its investment income offset. Since it 
uses a fixed discount rate, it should use a fixed long-term average inflation rate for the losses well. 
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Statement of Actuarial Opinion 

UNDER-RESERVING 

Loss reserves may be inadequate for various reasons: 

• Unforeseeable future developments cause mis-estimation of reserve indications. The 
surge in asbestos claims in 1999 and 2000 is an example of severe adverse 
development that was not expected by insurance industry actuaries or lawyers. 

• Companiesinfinancialdistressmayhidetheirweaknessbyreducingthebulkreserves 
for long-tailed lines of business. 

• Companies writing long-tailed lines of business may value their reserves at a non-zere 
valuation rate. 

This paper takes no position on the general adequacy of industry reserves. Several studies, 
however, have seen under-reserving as a contributing factor to many insurance insolvencies 
(Best's [1991]; AAA [1991], page 166; Hartman [1992]). 

ACTUARIAL OPINION 

Schedule P reflects the company's estimates of indicated reserves, which is not necessarily 
the same as the reserving actuary's estimate. To shift the onus of ensuring accurate reserve 
estimates, the NAIC requires that a"Statement of Actuarial Opinion Regarding Loss and Loss 
Adjustment Expense Reserves" accompany the Annual Statement. 

The Statement of Actuarial Opinion is signed by a qualified actuary appointed by the 
company's Board of Directors. Each year, the actuary presents a report to the Board of 
Directors explaining the procedures used to arrive at the opinion and the conclusions 
embodied in it (NAIC Blanks Task Force, Attachment N of October 1991 meeting; Lamb 
[1991; 1992]; Witcraft [1992]). The American Academy of Actuaries Committee on Property- 
Liability Financial Reporting publishes a Practice Note each year providing guidance to 
actuaries in completing the Statement of Actuarial Opinion. 

The Statement of Actuarial Opinion must comment on the reasonableness of the reserves for 
six items, three of which are taken from Schedule P (paragraph 8 of the NAIC Instructions): 

A. Reserve for unpaid losses (page 3, line 1) 
B. Reserve for unpaid loss adjustment expenses (page 3, line 3) 
C. Reserve for unpaid losses- direct and assumed (Schedule P, Part 1, Summary exhibit, 

totals from columns 13 and 15) 
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D. Reserve for unpaid loss adjustment expenses-direct and assumed (Schedule P, Part 1, 
Summary exhibit, totals from columns 17, 19, and 21) 

E. The extended loss and expense reserves (Schedule P Interrogatory 1) 
F. The Page 3 write-in item reserve, "Retroactive reinsurance reserve ceded orassumed." 

If the company writes certain types of property-casualty policies with durations of 13 months 
or longer, the actuary must also opine on the unearned premium reserves for these policies. 
This requirement relates to product warranty and mechanical breakdown policies; see SSAP 
No. 65, "Property and Casualty Contracts," paragraphs 21-31. The unearned premium 
reserves for these contracts depends on actuarial estimates of future losses and expenses. 

Schedule P contains management's best estimate of the indicated reserves. The Statement 
of Actuarial Opinion does not contain the Appointed Actuary's estimate. Rather, it contains 
the Appointed Actuary's opinion whether management's estimate is reasonable. 

Illustration: Management's best estimate of the indicated reserves is $8 billion; this is the 
amount shown on page 3, line 1. The Appointed Actuary believes that the best estimate 
of the indicated reserves is $8.5 billion. However, the actuary considers the range of 
reasonableness to be $7.5 billion to $9.5 billion. The actuary would issue an unqualified 
opinion. 14° 

SCOPE OF THE STATEMENT 

Annual Statement Instruction 12, paragraph (11), describes the scope of the statement: 

The actuary should comment in the scope section on each of the following topics, 
describing the effect of each on loss or loss expense reserves: retroactive reinsurance, 
financial reinsurance, and reinsurance collectibility, asbestos exposures and 
environmental exposures. The actuary should also comment on and describe the 
effects of any additional topics, such as discounting, salvage/subrogation, and 
underwriting pools and associations which in the actuary's judgment materially affect 
loss or loss expense reserves. If the company reserves will create exceptional values 
using the NAIC IRIS tests 9 (One Year Reserve Development to Surplus), I0 (Two Year 
Reserve Development to Surplus) and 11 (Estimated Current Reserve Deficiency to 
Surplus), the actuary should include an explanation. 

The following topics relate to the Schedule P entries: 

~4o The American Academy of Actuaries Committee on Property-Liability Financial Reporting defines the 
range of reasonable estimates as the "range of estimates that would be produced by alternative sets of 
assumptions that the actuary judges to be reasonable, considering all information reviewed by the actuary.. 
• The range of reasonable estimates is narrower, perhaps considerably, than the range of possible outcomes 
of the ultimate settlement value of the reserve." 
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Anticipated sa/vage and subrogation: Management's estimate of the anticipated salvage 
and subrogation is shown in column 23 of Part 1. The Appointed Actuary should comment on 
the reasonableness of this estimate if it affects reserve adequacy. 

Discounts: Non-tabular loss reserve discounts are shown in Part 1, columns 32 and 33. 
Tabular discounts are disclosed in Note 28 to the Annual Statement. In the Statement of 
Actuarial Opinion, the actuary should comment on both tabular discounts, which may affect 
workers' compensation and accident & health loss reserves and non-tabular discounts, which 
might be used for all lines of business. 

Pools and Associations: The ceded and assumed entries in Schedule P include amounts for 
voluntary and involuntary pools. Some of these ceded and assumed entries may be large, 
such as those for workers' compensation residual market pools in the late 1980's and early 
1990's. The Appointed Actuary must comment whether the company uses the pool's 
estimates of required or booked reserves, or whether the company independently estimates 
the needed reserves. 

Retroactive reinsurance denotes the transfer of financial obligation with the following three 
attributes: 

• the losses have already occurred 
• the primary company's surplus is increased and 
• theconsiderationpaidtothereinsurerisdeterminedbypresentvaluetechniques. TM 

Retroactive reinsurance is not reflected in the Schedule P exhibits, though it affects 
policyholders' surplus and statutory income (see Feldblum [2002: SchF]). 

Financial reinsurance refers to arrangements in which the reinsurance company does not 
incur timing and underwriting risk; see SSAP No. 62, "Property and Casualty Reinsurance." 
A lack of timing risk or underwriting risk precludes a transaction from being considered 
reinsurance in statutory reports. 

Reinsurance Collectibility: Part 1 of Schedule P shows both gross and net loss reserves, but 
it does not indicate the expected collectibility of reinsurance recoverables. Schedule F 
imposes statutory penalties for unauthorized and slow-paying reinsurers and for overdue 
reinsurance (Simon and Visner[1992]; Feldblum [2002]). The Statement of Actuarial Opinion 

141 The NAIC Instructions to the Statement of Actuarial Opinion (section 11) provide this three-fold 
definition: "For the purpose of this instruction, "retroactive reinsurance" refers to any agreement which increases 
the transferring insurer's Surplus to Policyholders as a result of the transferee undertaking any loss obligation 
already incurred and for which the consideration paid by the transferring insurer is derived from present value 
or discounting concepts." See also SSAP No. 62, "Property and Casualty Reinsurance," paragraph 22. 
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should comment on any anticipated collection problems on reinsurance recoverables.142 The 
actuary completing Schedule P should be familiar with the provision for reinsurance from 
Schedule F and with other information about reinsurance collectibility. 

Paragraph 10 of the NAIC Instructions to the Statement of Actuarial Opinion require the 
opinion actuary to write that 

In forming my opinion on the loss and loss adjustment expense reserves, I relied upon 
data prepared by the responsible officers or employees of the company or group to 
which it belongs. I evaluated that data for reasonableness and consistency. I also 
reconciled that data to Schedule P Part 1 of the company's current annual statement. 

The Practice Note issued by the Committee on Property-Liability Financial Reporting explains 
the reconciliation to Schedule P as follows: 

A. each of the following types of data, if relied on significantly in forming the actuarial 
opinion (on a net or direct plus assumed basis), were reconciled to Schedule P: paid 
losses, incurred (case basis) losses, paid defense and cost containment expenses, 
incurred (case basis) defense and cost containment expenses, paid adjusting and other 
expenses, and earned premiums; 

B. the reconciliation consisted of comparing the changes from the prior year-end values 
(e.g., current calendar year paid losses and changes in case basis loss reserves), in 
detail by line of business and year in which losses were incurred to the extent that such 
detail was relied upon significantly and is provided in Schedule P; . . . 

The Appointed Actuary keeps work papers showing the reconciliation to Schedule P for seven 
years from the date of the opinion. 

142 TheNAlC•nstructi•nst•theStatement•fActuaria••pini•nsay:"Bef•rec•mmenting•nreinsurance 
collectibility, the actuary should solicit information from management on any collecUbility problems, review 
ratings given to reinsurers by a recognized rating service, and examine Schedule F for the current year for 
indications of regulatory action or reinsurance recoverable on paid losses over 90 days past due. The comment 
should also reflect any other information the actuary has received from management or which is publicly 
available about the capability or willingness of reinsurers to pay claims. The actuary's comments do not imply 
an opinion on the financial condition of any reinsurer." 
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Appendix A: Accounting for Audits and Retrospective Adjustments 

The Schedule P, Part 6 exhibits may be used by the IRS to ensure that companies are 
complying with the January 2000 tax regulations regarding the recording of expected audit 
premiums and retrospective adjustments. Companies must book the estimated ultimate 
premiums on the policy effective date for tax purposes. An understanding of both statutory 
and tax accounting for audits and retrospective adjustments is essential for tax compliance. 
This appendix is background information on the accounting rules. 

General Principles 

A. Statutory accounting has two methods of recording written premium and computing the 
earned premium for policies with audits or retrospective adjustments, which we label 
"Method 1" and "Method 2" below. 143 

B. For statutory accounting purposes, companies may use either method. For tax purposes, 
companies must use Method 1 (the adjustment to written premium). 

C. There are two financial statement reporting procedures for earned but unbilled premiums 
and for accrued retrospective premiums. The Annual Statement uses one procedure for 
the income statement and the other procedure for the balance sheet. Both sets of figures 
are supported by the Underwriting and Investment Exhibit, Parts 2, 2A, and 2B. 

D. There are two methods for determining the non-admitted portion of the accrued 
retrospective premiums (SSAP No. 66, "Retrospectively Rated Contracts," paragraph 9). 

A. ACCOUNTING METHODS 

SSAP Number 53, "Property-casualty Contracts - Premiums," paragraph 9 says: 

Adjustments to the premium charged for changes in the/eve/of exposure to insurance 
risk (e.g., audit premiums on workers'compensation policies) are generally determined 
based upon audits conducted after the policy has expired. Reporting entities shall 
estimate audit premiums, the amount generally referred to as earned but unbil/ed 
(EBUB) premium, and shall record the amounts as an adjustment to premium, either 
through written premium or as an adjustment to earned premium. The estimate for 
EBUB may be determined using actuadally or statistically supported aggregate 
ca/cu/aUons using historical company unearned premium data, or per policy 
calculations. 

143 The methods are shown in SSAP Number 53, "Property-Casualty Contracts- Premiums," paragraphs 
9-12, and SSAP Number 66, "Retrospectively Rated Contracts," paragraphs 6-8. 
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• Method 1 records the earned but unbilled premium through written premium. 
• Method 2 records the earned but unbilled premium as an adjustment to earned premium. 

I l lustration: A workers' compensation policy with a written premium of $10,000 is issued on 
January 1, 20XX. On December 31, 20XX, the company's actuary anticipates that an 
additional $2,000 of premium will be billed at the final audit. 

The estimated earned premium in 20XX is $12,000. The calendar year earned premium is 
calculated as the written premium minus the change in the uneamed premium reserve. The 
additional $2,000 in eamed premium must stem from either an additional $2,000 of written 
premium or a decrease of $2,000 in the unearned premium reserve. 

Method 1: The $2,000 expected audit premium is coded as 20XX written premium, giving 
a total written premium of $12,000. All premium has been earned by December 31, and the 
unearned premium reserve at the end of the year is $0. The earned premium equals the 
written premium minus the change in the reserve, or $12,000 - ($0 - $0) = $12,000. 

Method2:  The 20XX written premium remains $10,000. The $2,000 audit premium will be 
coded as a 20XX+I written premium when it is billed, not as a 20XX written premium when 
it is estimated. The $2,000 earned but unbilled premium is treated as a contra-liability, or a 

negative unearned premium reserve. The traditional end-of-year uneamed premium reserve 
resulting from the $10,000 deposit premium is $0. The net unearned premium reserve is $0 
- $2,000 = -$2,000. The earned premium is the written premium minus the change in 
reserve, or $10,000 - (-$2,000 - $0) = $12,000. 

Companies may use Method 1 for some policies and Method 2 for other policies. The two 
methods produce different written premiums and unearned premium reserves. The 
differences offset each other, and the earned premiums are the same for each method. The 
final Schedule P, Part 6 entries should not depend on the accounting method, though the 
means of computing the figures depends on the accounting method. 

B. STATUTORY VS TAX ACCOUNTING 

Method 2 defers some of the written premium until the audit is billed or the retrospective 
adjustment is processed. Taxes and assessments based on written premiums, such as state 
premium taxes and state assessments, are similarly deferred. 

Method 1 shows a higher written premium than Method 2 and a correspondingly higher 
unearned premium reserve. Since only 80% of the unearned premium reserve is an offset to 
taxable income ("revenue offset"), Method 1 speeds up the income tax liability. Until January 
2000, this was an additional incentive to use Method 2. The tax regulations of January 5, 
2000 require companies to use Method 1 to compute the unearned premium reserve for 
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federal income tax purposes; Method 2 is not acceptable tax accounting. 144 Nonetheless, 
Method 2 remains the more common method for statutory accounting. 

The effects of the two methods of the federal income tax liability is illustrated below. Method 1 
gives the higher tax liability, and it is now mandated by the IRS. 

PREMIUM ACCOUNTING ILLUSTRATION 

A workers' compensation policy with a written premium of $10,000 is issued on July 1,20XX. 
On December 31, 20XX, the company's actuary anticipates that an additional $2,000 of 
premium will be billed at the final audit. 

The estimated earned premium in 20XX is $6,000. The statutory earned premium is 
calculated as the written premium minus the change in the unearned premium reserve. The 
tax-basis eamed premium is calculated as the written premium minus 80% of the change in 
the unearned premium reserve. 

Method 1: The $2,000 expected audit premium is coded as 20XX written premium, giving 
a total written premium of $12,000. Half of the premium has been earned by December 31, 
and the unearned premium reserve at the end of the year is $6,000. The statutory earned 
premium equals the written premium minus the change in the reserve, or $12,000- ($6,000 

- $0) = $6,000. The tax-basis earned premium equals the written premium minus 80% of the 
change in the reserve, or $12,000 - 80% x ($6,000 - $0) = $7,200. 

Method2: The 20XX written premium remains $10,000. The earned but unbilled premium 
equals $1,000, since only 50% of the audit premium is earned. This $1,000 is treated as a 
negative unearned premium reserve. The traditional unearned premium reserve atthe end 
of the year resulting from the $10,000 deposit premium is $5,000. The net unearned premium 
reserve is $5,000- $1,000 = $4,000. The statutory earned premium is the written premium 
minus the change in reserve, or $10,000 - ($4,000 - $0) = $6,000. The tax-basis earned 
premium equals the written premium minus 80% of the change in the reserve, or $10,000- 
8O% x ($4,O00 - $0) = $6,8OO. 

Taxable income is $400 greater in Method 1 than in Method 2. Method 2 is no longer 
permitted for tax accounting by the January 2000 tax regulations. 

C. FINANCIAL STATEMENT REPORTING PROCEDURES 

The statutory income statement shows earned premiums, for which there is no difference 
between Method 1 and Method 2. For Method 1, the accrued retrospective premiums are an 

~'~ The January 2000 tax regulations were proposed in January 1997, but they were not put into final form 
until January 2000. 
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addition to written premiums. For Method 2, the accrued retrospective premiums are an offset 
to the uneamed premium reserves. 

Before the Tax Reform Act of 1986, both methods had the same effect on taxable income. 
The revenue offset provision in the 1986 Act unduly increased the tax on companies using 
Method 1, since no acquisition expenses had yet been paid on the anticipated audits. 

Many companies use Method 2 to compute the premiums earned from audits. Similarly, the 
statutory income statement computes the eamed premium from an uneamed premium reserve 
that is netof earned but unbilled premiums and accrued retrospective premiums. 

The statutory balance sheet shows the unearned premium reserve gross of earned but 
unbilled premiums and accrued retrospective premiums, and it shows separate assets for 
earned but unbilled premiums and accrued retrospective premiums. This is true regardless 
of the method used to calculate the earned premiums. The rationale is to provide additional 
disclosure and to facilitate the computation of the non-admitted portion of the earned but 
unbilled premium and accrued retrospective premium assets. 

/LLUSTRATION - INCOME STATEMENT AND BALANCE SHEET 

We use the same scenario as in a previous illustration. A workers' compensation policy with 
a written premium of $10,000 is issued on January 1,20XX. On December 31,20XX, the 
company anticipates that an additional $2,000 of premium will be billed at the final audit. 

The statutory income statement uses Method 2. The unearned premium reserve is-$2,000, 
the written premium is $10,000, and the earned premium is $12,000. 

The statutory balance sheet shows the earned but unbilled premiums and the accrued 
retrospective premiums as separate assets, so that the non-admitted portion may be 
deducted. The gross asset is added back to the net unearned premium reserve for the 
balance sheet liability. The entries shown for this illustration are as follows: 

• Earned but unbilled premiums, gross (page 2, line 10.2, column 1): $2,000 
• Earned but unbilled premiums, non-admitted (page 2, line 10.2, column 2): $200 
• E a m e d  but unbUled premiums, net (page 2, line 10.2, column 3): $1,800 
• Unearned premium reserves (page 3, line 10): $0 

D. NON-ADMITTED ASSET 
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There are two methods of computing the non-admitted portion of the accrued retrospective 
premium asset: 145 

1. Ten percent of the unsecured accrued retrospective premium asset is not admitted. 
2. The non-admitted portion varies by policy, depending on the credit rating of the insured. 

Companies must use the same method for all policies. A company may not use the second 
method for insureds with high credit ratings and the first method for insureds with low credit 
ratings. 

Schedule P, Part 6 uses the gross accrued retrospective premiums, not the net admitted 
amounts. 

ACCRUED RETROSPECTIVE PREMIUM RESERVES 

For tax purposes, companies must establish reserves for audit premiums and accrued 
retrospective premiums; they generally show the reserves on their statutory statements as well. 
The Annual Statement has three terms for such premium reserves. 

Earned but unbi//ed (EBUB) premiums are primarily audit premiums for past exposures 
that have not yet been billed by the insurer. 1~ They are shown (in total) on the balance 
sheet, page 2, line 10.2, and by line of business in the Underwriting and Investment Exhibit, 
Part 2A, "Recapitulation of All Premiums," page 8, column 3. 

Accrued retrospective premiums based on experience (ARP's) are the net additional 
premiums expected from future retrospective adjustments on retrospectively rated 
contracts (see SSAP, Number 66, "Retrospectively Rated Contracts"). Net additional 
premiums means expected future additional premiums minus expected future return 
premiums. They are shown in total on the balance sheet, page 2, line 10.3, and in the 
Underwriting and Investment Exhibit, Part 2A, "Recapitulation of All Premiums," page 8, 
line 35, column 5. 

• Reserveforratecredi tsandretrospect ivepremiumsbasedonexperienceistheaccrued 
retrospective premiums plus rate credits given on group accident and health insurance. 

1,5 The gross accrued retrospective premium asset is shown on page 2, column 1, line 10.3. The non- 
admitted portion is shown in column 2 of line 10.3, and the net admitted portion is shown in column 3. The 
statutory surplus shown on the liability side of the balance sheet is based on the net asset. The change from 
the previous year to the current year in the non-admitted portion of the accrued retrospective premium asset 
is a direct charge to surplus on page 4, line 25. 

146 SSAPNumber53•=Pr•perty-Casua•tyC•ntracts-Premiums••'paragraph9•saysthatrep•rtingentities 
shah estimate audit premiums, the amount generally referred to as earned but unbilled (EBUB) premium. 
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It is shown by line of business in the Underwriting and Investment Exhibit, Part 2A, 
"Recapitulation of All Premiums," page 8, column 4.147 

Some actuaries use the term earned but not reported (EBNR) premiums, based on the 
acronym for incurred but not reported (IBNR) losses. 

If the company expects to return premium to the insured at the retrospective adjustment, the 
premium reserve is a liability. If the company expects to collect additional premium from the 
insured atthe retrospective adjustment, the premium reserve is an asset. Generally, expected 
future premium collections exceed expected premium returns. The premium reserve is used 
here to refer to the net asset; this is the statutory usage in the Annual Statement. 

Statutory Accounting Principles 

The statutory accounting principles are as follows: 

If accounting method 1 is used for eamed but unbilled premiums (see above), the earned but 
unbilled premium affects the written premium and the unearned premium reserves. The 
earned but unbilled premiums are included in columns 1 and 2 of the Underwriting and 
Investment Exhibit, Part 2A, "Recapitulation of All Premiums," page 8. They are not included 
in column 3, "earned by unbilled premium." 

If accounting method 2 is used for earned but unbilled premiums (see above), the earned but 
unbilled premium do affect the written premium or the unearned premium reserves. The 
earned but unbilled premiums are included in column 3 of the Underwriting and Investment 
Exhibit, Part 2A, "Recapitulation of All Premiums," page 8. These entries are negative 
amounts; they offset the unearned premium reserves shown in columns 1 and 2. 

The reserve for rate credits or retrospective adjustments based on experience are negative 
amounts showing the net accrued retrospective premiums and the accident and health 
insurance rate credits in column 4 of the Underwriting and Investment Exhibit, Part 2A, 
"Recapitulation of All Premiums," page 8. These entries are also negative amounts; they 
offset the unearned premium reserves shown in columns 1 and 2. 

The net unearned premium reserves shown in column 5 of the Underwriting and Investment 
Exhibit, Part 2A, are the sum of columns 1 through 4. These adjusted uneamed premium 
reserves are used to calculate the earned premiums in Part 2 of the Underwriting and 
Investment Exhibit ("Premiums Earned" on page 7). The total earned premiums for all lines 
of business combined is carried to line 1 of the statutory income statement (page 4). 

~4r Not all compan ie s  a g r e e  on lhe  definitions of t h e s e  terms,  and this paper  m a k e s  no a t tempt  to clarify 
the differences of opinion. 
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The "accrued retrospective premium based on experience" for all lines of business combined 
is removed from the unearned premium reserve on line 35 of Part 2A of the Underwriting and 
Investment Exhibit, and the net amount (the =balance") is shown on line 37. Since the "accrued 
retrospective premium" is a contra-liability, though it shown as a positive figure in the Annual 
Statement, line 37 should equal line 34 plus line 35. [In contrast, the "reserves for rate credits 
or retrospective adjustments based on experience" shown in column 4 of Part 2A are shown 
as negative figures when they are contra-liabilities.] 

The line 37 unearned premium reserve is carried to the liability side of the balance sheet, 
page 3, line 9: "unearned premium reserves." The accrued retrospective premiums on line 
35 of Part 2A are carried to the asset side of the balance sheet, page 2, column 1, line 10.3. 
The non-admitted portion is deducted in column 2, and the net admitted portion is shown in 
column 3.148 

~4s For most other items, the incurred amount on the income statement equals the paid or received amount 
on the cash flow statement plus or minus the change in reserves on the balance sheet. For premiums, this 
relationship does not hold, since there are different treatments of accrued retrospective premiums in the income 
statement and on the balance sheet. 
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Appendix B: Revenue Offset 

For other industries, sales constitute revenues forincome tax purposes. Similarly, premium 
due is the taxable revenue (as well as the statutory and GAAP revenue) for life insurance 
companies. For property-casualty insurance companies, eamed premium is the revenue for 
both statutory and taxable income, not written premium or collected premium. 

For the statutory income statement, earned premium equals written premium minus the 
change in the unearned premium reserves. For taxable income, earned premium equals 
written premium minus 80% of the change in the unearned premium reserves. 1491so 

• A change in written premium with no change in earned premium does not affect statutory 
income, whereas 

• A change in written premium with no change in earned premium affects the unearned 
premium reserve and changes the tax liability by means of the revenue offset provision. 

Statutory and taxable income also differ in their treatments of accrued retrospective premiums 
(see Appendix A). 

ILLUSTRATION: SINGLE POLICY 

An insurer writes a policy with a $10,000 written premium on December 31,20XX, and it pays 
$2,000 in agents' commissions on that day. Losses of $8,000 are incurred and paid evenly 
through the policy term. There are no other expenses or losses on this policy. We assume 
that losses are paid when they are incurred so that we need not deal with IRS loss reserve 
discounting. 

The unearned premium reserve for this policy is $0 on January 1,20XX, and $10,000 on 
December 31, 20XX. The change in the unearned premium reserve during the year is 
$10,000. The earned premium in 20XX is $10,000 of written premium minus the $10,000 

~49 See the Treasury regulations, 2001FED 26,153, §1.832-4(a)(3): "The determination of premiums earned 
on insurance contracts during the taxable year begins with the insurance company's gross premiums written 
on insurance contracts during the taxable year, reduced by return premiums and premiums paid for reinsurance. 
This amount is increased by 80 percent of the unearned premiums on insurance contracts at the end of the 
preceding taxable year, and is decreased by 80 percent of the unearned premiums on insurance contracts at 
the end of the current taxable year." 

1so Life insurance companies and annuity writers are subject to a DAC-tax that is identical in concept 
though more complex than the property-casualty tax provision explained here; see Atkinson and Dallas [2000], 
chapter 9. 
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change in the unearned premium reserve, or $0. Expenses during 20XX are $2,000, and 
statutory income during 20XX is -$2,000. Without revenue offset, the federal income tax 
liability would be 35% x -$2,000 = -$700, or a $700 tax refund. 

The unearned premium reserve on December 31, 20XX+l, is $0. The change in the 
unearned premium reserve during 20XX+I is-S10,000. The earned premium in 20XX+I is 
$0 of written premium minus the -$10,000 change in the unearned premium reserve, or $0 
- (-$10,000) = +$10,000. Losses of $8,000 are incurred and paid in 20XX+I. The statutory 
income is $10,000 - $8,000 = $2,000. The tax liability (ignoring revenue offset) would be 
35% x $2,000 = $700. 

Statutory accounting recognizes a loss at policy inception and a gradual profit during the 
remainder of the policy lifetime, thereby preventing companies from recognizing income until 
it has been fully earned. TM 

Were there no revenue offset provision in the tax code, the U.S. Treasury would fund part of 
the initial underwriting loss at policy inception. The illustration above shows a tax refund of 
$700 in 20XX and a tax liability of $700 in 20XX+I. Before 1987, statutory accounting helped 
the insurance industry defer its tax liabilities. Steady growth (in nominal dollar terms) led to 
persistent deferral of tax liabilities. 

Direct and Indirect Methods 

The Tax Reform Act of 1986 introduced the revenue offset provision of the Internal Revenue 
Code. The provision may be stated in two equivalent ways. These two perspectives are used 
in the two fashions of computing taxable income and the federal income tax liability, which are 
termed here the "direct method" and the "indirect method." The direct method is easier to 
understand; the indirect method is the method actually used in the Internal Revenue Code for 
computing taxable income. 

1. Direct method: The taxable earned premium equals the taxable written premium minus 
80% of the change in the unearned premium reserve. This may be stated as "only 80% 
of the change in the unearned premium reserve is an offset to taxable income." 

ls~ Some analysts see a conservative bend in statutory accounting's write-off of pre-paid acquisition costs 
when they are incurred, particularly in comparison with GAAP's capitalization and amortization of the deferred 
policy acquisition cost asset. This is not quite correct. Statutory accounting is correct accounting from a 
tangible asset perspective, since the pre-paid acquisition costs are often incurred whether or not the company 
retains the policy. International accounting standards follow statutory accounting on this issue. GAAP 
capitalizes an "imaginary" asset called DPAC to match revenues and expenses and show a better portrayal 
of the company's profitability. However, statutory accounting is unduly conservative in its double treatment of 
underwriting expenses: once when they are incurred and a second time in the gross unearned premium 
reserves. See Yohcved and Sarason [2002] for further discussion of GAAP and statutory accounting of 
property-casualty insurance companies. 
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2. Indirect method: Twenty percent of the change in the unearned premium reserve is an 
addition to statutory income for computing taxable income. 

We can use either method for the illustration. 

Direct method: The taxable earned premium in 20XX equals the taxable written premium 
minus 80% of the change in the unearned premium reserve, or $10,000- 80% x ($10,000- 
$0) = $2,000 in 20XX. Agents' commissions are $2,000 on December 31,20XX. Taxable 
income is $2,000 - $2,000 = $0, and the tax liability is $0. 

In 20XX+l, the taxable eamed premium equals $0 - 80% x ($0 - $10,000) = $8,000. The 
losses incurred and paid in 20XX+I are $8,000. The taxable income is $8,000 - $8,000 = 
$0, and the tax liability is $0. 

Indirect method: Twenty percent of the change in the unearned premium reserve in 20XX is 
20% x ($10,000- $0) = $2,000. The statutory income in 20XX is-$2,000. Taxable income 
is -$2,000 + $2,000 = $0, and the tax liability is $0. 

In 20XX+l, twenty percent of the change in the unearned premium reserve is 20% x ($0 - 
$10,000) = -$2,000. The statutory income in 20XX+I is +$2,000. The taxable income is 
+2,000 - $2,000 = $0, and the tax liability is $0. 

I L L U S T R A T I O N  B :  T W O  Y E A R S  

An insurer writes a policy with a $10,000 written premium on July 1,20XX, and it pays $2,000 
in agents' commissions on that day. Losses of $8,000 are incurred evenly over the policy 
term, and they are paid when they are incurred. On July 1,20XX+I, the insurer renews the 
policy for a written premium of $15,000, and it pays $3,000 in agents' commissions on that 
day. Losses of $12,000 are incurred evenly over the policy term, and they are paid when they 
are incurred. There are no other expenses on these policies. 

Illustration B shows the importance of computing the changein the uneamed premium reserve 
during the year. The statutory unearned premium reserve equals $0 on December 31, 
20XX-1, $5,000 on December 31, 20XX, $7,500 on December 31, 20XX+I, and $0 on 
December 31,20XX+2. 

CALENDAR YEAR 20XX 

Statutory earned premium is $10,000 written premium minus the ($5,000 - $0) = $5,000 
change in the unearned premium reserve; the earned premium is $5,000. Expenses are 
$2,000, and incurred losses are $4,000. The statutory income in 20XX is $5,000 - $2,000 
- $4,000 = -$1,000. There are two methods to calculate the taxable income. 
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a. Direct method: The taxable earned premium is taxable written premium minus 80% of the 
change in the unearned premium reserve, or $10,000 - 8 0 %  x ($5,000 - $0) = $6,000. 
The taxable income is $6,000 - $2,000 - $4,000 = $0, and the tax liability is $0. 

b. Indirect method: Twenty percent of the change in the unearned premium reserve is 20% 
x ($5,000-$0) = $1,000. The statutory income in 20XX is-S1,000. The taxable income 
is -$1,000 + $1,000 = $0, and the tax liability is $0. 

CALENDAR YEAR 20XX+ 1 

Statutory earned premium is $15,000 written premium minus the ($7,500-$5,000) = $2,500 
change in the unearned premium reserve; the earned premium is $12,500. Expenses 
incurred and paid on January 1,20XX+I are $3,000, and incurred losses during the year are 
$4,000 (first six months) + $6,000 (latter six months) = $10,000. The statutory income is 
$12,500 - $3,000- $10,000 =-$500. There are two methods to calculate taxable income. 

a. Direct method: The taxable eamed premium is the taxable written premium minus 80% 
of the change in the unearned premium reserve, or $15,000-80% x ($7,500-$5,000) 
= $13,000. Expenses and losses are the same as for statutory income. The taxable 
income is $13,000 - $3,000 - $10,000 = $0, and the tax liability is $0. 

b. Indirectmethod:Twentypercentofthechangeintheunearnedpremiumreserveis20% 
x ($7,500 - $5,000) = $500. The statutory income in 20XX+I is -$500. The taxable 
income is -$500 + $500 = $0, and the tax liability is $0. 

CALENDAR YEAR 20XX+2 

Statutory eamed premium is $0 written premium minus the ($0-  $7,500) =-$7,500 change 
in the unearned premium reserve, or $7,500. Expenses incurred in 20XX+2 are $0, and 
incurred losses during the year are $6,000. Statutory income is $7,500- $6,000 = $ 1 , 5 0 0 .  

There are two methods to calculate the taxable income. 

a. Direct method: The taxable earned premium is $ 0 -  80% x ($0-  $7,500) = $6,000. The 
taxable income is $6,000 - $6,000 = $0, and the tax liability is $0. 

b. Indirect method: Twenty percent of the change in the unearned premium reserve is 20% 
x ($0 - $7,500) = -$1,500. The statutory income in 20XX+2 is $1,500. The taxable 
income is $1,500 + -$500 = $ 0 ,  and the tax liability is $ 0 .  
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¢JI 
OO 

Accident Year 
(1) 

AY +15 

AY + 14 

AY +13 

AY +12 

AY+11 

AY+10 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

Exhibit A. 1: Private Passen~ler Automobile Loss Reserve Discount Factors 

Cumulative Incremental Undiscounted Discounted 
Paid Loss + 

LAE (2) 

$270,000 

$300,000 

$320,000 

$340,000 

$350,000 

Incurred Loss + 
LAE (3) 

$275,500 

$316,000 

$348,000 

$386,500 

$421,500 

Paid/Incurred 
Ratio (4) 

98.00% 

9 4 . 9 4 %  

91.95% 

87.97% 

83.04% 

Paid/Incurred 
Ratio (5) 

2.00% 

3.07% 

2.98% 

3.99% 

4.93% 

6.03% 

Percentage 
Unpaid (6) 

100.00% 

2.00% 

5.06% 

8.05% 

12.03% 

16.96% 

Percentage 
Unpaid (7) 

0.00% 

1 . 9 3 %  

4.77% 

7.34% 

10.71% 

14.78% 

Loss Reserve 
Discount 
Factor (8) 

96.6735% 

94.1800% 

91.2271% 

89.0399% 

87.1281% 

$370,000 $480,500 77.00% 7.98% 23.00% 19.65% 85.4281% 

$380,000 $550,500 69.03% 10.01% 30.97% 26.07% 84.1740% 

$360,000 $610,000 59.02% 11.02% 40.98% 34.04% 83.0660% 

$330,000 $687,500 13.00% 52.00% 42.47% 81.6659% 48.00% 

35.00% $200,000 65.00% 35.00% $571,500 52.26% 80.3944% 



Exhibff A.2: Other Liability Loss Reserve Discount Factors 

O~ 
OO 

Accident Year 
(t) 

AY +15 

AY +14 

AY +13 

AY +12 

AY+ 11 

AY+ 10 

Paid Loss + 
LAE (2) 

$235,000 

Incurred Loss + 
LAE (3) 

$250,000 

Cumulative 
Paid/Incurred 

Ratio (4) 

100.00% 

96.99% 

95.61% 

94.23% 

92.85% 

91.47% 

Incremental 
Paid/Incurred 

Ratio (5) 

3.01% 

1.38% 

1.38% 

1.38% 

1.38% 

1.38% 

Undiscounted 
Percentage 
Unpaid (6) 

0.00% 

3.01% 

4.39% 

5.77% 

7.15% 

8.53% 

Discounted 
Percentage 
Unpaid (7) 

0.00% 

2.91% 

4.05% 

5.12% 

6.12% 

7.06% 

Loss Reserve 
Discount 
Factor (8) 

96.6736% 

92.3385% 

88.7803% 

85.6177% 

82.7122% 

2000 

2001 

2002 

2003 

2004 

2005 

2006 

2007 

2008 

2009 

$50,000 

$55,000 

$60,000 

$65,000 

$70,000 

$65,000 

$60,000 

$5o,ooo 

$35,000 

$15,000 

$55,500 

$62,000 

$70,000 

$8O,OOO 

$96,000 

$103,000 

$115,000 

$125,000 

$140,000 

$180,000 

90.09% 

88.71% 

85.71% 

81.25% 

72.92% 

63.11% 

52.17% 

40.00% 

25.00% 

8.33% 

1.38% 

3.00% 

4.46% 

8.33% 

9.81% 

10.93% 

12.17% 

15.00% 

16.67% 

8.33% 

9.91% 

11.29% 

14.29% 

18.75% 

27.08% 

36.89% 

47.83% 

60.00% 

75.00% 

91.67% 

7.93% 

8.74% 

11.07% 

14.66% 

21.76% 

29.82% 

38.44% 

47.69% 

59.07% 

71.32% 

79.9988% 

77.4439% 

77.4718% 

78.1822% 

80.3309% 

80.8185% 

80.3644% 

79.4828% 

78.7611% 

77.8022% 



oo 

Accident Year 
(t) 

AY+15 

AY+14 

AY+13 

AY+12 

AY + 11 

Paid Loss + 
LAE (2) 

Exhibit A.3: Other Liabili~/ Loss Reserve Discount Factors 
Cumulative Incremental Undiscounted 

Incurred Loss + 
LAE (3) 

Paid/Incurred 
Ratio (4) 

Paid/Incurred 
Ratio (5) 

Percentage 
Unpaid (6) 

Discounted 
Percentage 
Unpaid (7) 

Loss Reserve 
Discount 
Factor (8) 

100.00% 3.01% 0.00% 0.00% 

96.99% 1.38% 3.01% 2.91% 96.6736% 

95.61% 1.38% 4.39% 4.05% 92.3385% 

94.23% 1.38% 5.77% 

7.15% 1.38% 

5.12% 

6.12% 92.85% 

88.7803% 

85.6177% 

$50,000 

2008 $35,000 $140,000 25.00% 16.67% 75.00% 59.59% 79.4482% 

2009 $15,000 $180,000 8.33% 8.33% 91.67% 71.80% 78.3276% 

52.17% 12.17% 47.83% 39.03% 81.5980% 

40.00% 15.00% 60.00% 48.24% 80.4018% 

2006 $60,000 $115,000 

2007 $125,000 

2003 

2004 $70,000 $96,000 72.92% 9.81% 27.08% 22.43% 82.8251% 

2005 $65,000 $103,000 63.11% 10.93% 36.89% 30.45% 82.5297% 

2002 $68 ,000  

$65,000 

$70,000 

$80,000 

97.14% 15.89% 2.86% 0.02% 0.6645% 

81.25% 8.33% 18.75% 15.38% 82.0371% 

AY + 10 $235,000 $250,000 91.47% 1.38% 8.53% 7.06% 82.7122% 

2000 $50,000 $55,500 90.09% 1.38% 9.91% 7.93% 79.9988% 

2001 $55,000 $62,000 88.71% -8.43% 11.29% 8.74% 77.4439% 



Exhibit A.4: Other Liabili~/ Loss Reserve Discount Factors 

O 

Accident Year 
(1) 

AY +15 

AY +14 

AY+13 

AY+12 

AY+11 

AY+10 

2000 

2001 

2002 

2003 

2004 

2005 

Paid Loss + 
LAE (2) 

2009 

$235,000 

$50,000 

$55,000 

$69,000 

$65,000 

$70,000 

$65,000 

$60,000 

Incurred Loss + 
LAE (3) 

$15,000 

$250,000 

$55,500 

$62,000 

$70,000 

$80,000 

$96,000 

$103,000 

Cumulative 
Paid/Incurred 

Ratio (4) 

$180,000 

100.00% 

96.99% 

95.61% 

94.23% 

92.85% 

91.47% 

90.09% 

88.71% 

98.57% 

81.25% 

72.92% 

63.11% 

Incremental 
Paid/Incurred 

Ratio (5) 

3.01% 

1.38% 

1.38% 

1.38% 

1.38% 

1.38% 

1.38% 

-9.86% 

17.32% 

8.33% 

9.81% 

10.93% 

Undiscounted 
Percentage 
Unpaid (6) 

0.00% 

3.01% 

4.39% 

5.77% 

7.15% 

8.53% 

9.91% 

11.29% 

1 . 4 3 %  

18.75% 

27.08% 

36.89% 

Discounted 
Percentage 
Unpaid (7) 

0.00% 

2.91% 

4.05% 

5.12% 

6.12% 

7.06% 

7.93% 

8.74% 

-1.36% 

15.47% 

22.52% 

30.53% 

Loss Reserve 
Discount 
Factor (8) 

96.6736% 

92.3385% 

88.7803% 

8 5 . 6 1 7 7 %  

82.7122% 

79.9988% 

77.4439% 

-95.3447% 

82.5189% 

83.1368% 

82.7436% 

2006 $115,000 52.17% 12.17% 47.83% 39.10% 81.7523% 

2007 $50,000 $125,000 40.00% 15.00% 60.00% 48.31% 80.5167% 

2008 $35,000 $140,000 25.00% 16.67% 75.00% 59.65% 79.5341% 

8.33% 8.33% 91.67% 71.86% 78.3932% 
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Schirmacher, in particular, made extensive corrections to both the substance and the style of 
this Practitioner's Guide. Any remaining errors are the authors' own and should not be 
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The Minimum Bias Procedure 

This Practitioner's Guide is geared to the practicing actuary who would like to optimize 
classification relativities. It provides the intuition underlying the minimum bias procedure and 
the alternative methods that have been proposed subsequently. It uses a simple illustration 
to show the computations required for each method, and to evaluate their advantages and 
drawbacks. 

All the procedures discussed here can be easily coded in modern spreadsheets using the 
built-in functions provided by vendors. Practicing actuaries should be able to quickly 
implement minimum bias procedures, and the intuition here should enable students to readily 
master the methods. 

BACKGROUND 

The minimum bias procedure was first introduced in a 1960 Proceedings paper by Robert 
Bailey and LeRoy Simon, 'q'wo Studies in Automobile Insurance." Bailey and Simon examined 
models with two types of arithmetic functions (multiplicative and additive), two types of bias 
functions (balance principle and x-squared), and two data types (loss costs and loss ratios).1 

Bailey and Simon used their procedure (i) to judge the merits of an additive versus a 
multiplicative classification model for Canadian private passenger automobile business and 
(ii) to choose optimal rate relativities. 2 The 1960 Bailey and Simon paper discusses the 
rationale for the minimum bias procedure, the characteristics of a suitable rating model, and 
the rating scenarios that fit the various types of models. 

The 1960 Bailey and Simon paper concluded that: (i) the additive model fits the Canada 
private passenger automobile data better than the multiplicative model, and (ii) the x-squared 
function is the optimal bias function. The first conclusion was based on a goodness-of-fit test; 
the second conclusion was based on the credibility assigned by the x-squared function. 

In a 1963 Proceedings paper, "Insurance Rates with Minimum Bias," Robert Bailey 
summarized the minimum bias theory, outlining the considerations that support the use of the 
balance principle as the bias function and explaining when loss ratios serve better than loss 

1 References to the Proceedings are to the Proceedings of the Casualty Actuarial Society. 

2 The minimum bias procedure deals with loss cost relativities, which we refer to here as classification 
relativities. In practices, actuaries determine rate relativities. The two types of relativities may differ if expenses 
are not a fixed percentage of premiums. These issues are discussed in a subsequent section of this Guide. 
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costs. Bailey's 1963 Proceedings paper was on the CAS examination syllabus for many 
years, serving as a teaching text for a generation of actuaries. 

In a 1988 Proceedings paper, "Minimum Bias with Generalized Linear Models", Robert Brown 
expanded the minimum bias method to use two additional types of bias functions. Brown 
retained the balance principle and x-squared functions from the Bailey and Simon papers. 
He added a least squares function, which is similar to the x-squared function, and a maximum 
likelihood function, which assumes certain distributions of claim frequency or claim severity 
in the insured population. 

Brown also examined generalized linear models (GLM), which have potential statistical 
advantages and may accomplish the same objectives as the minimum bias procedures. He 
did not find that the generalized linear models produced more accurate results. For the 
Canadian private passenger automobile business, Brown found the multiplicative model 
superior to the additive model. 

In 1990, Gary Venter published a thorough discussion of Brown's paper, in which he 
introduced several extensions of the existing procedures, such as a combined additive and 
multiplicative model, along with an analysis of credibility consideration and other modeling 
issues. Brown's Proceedings paper, along with Venter's discussion, replaced the 1963 
Bailey paper on the actuarial syllabus in the mid-1990's. 

Bailey's 1963 paper, Brown's paper, and Venter's discussion have proved difficult for 
practicing actuaries to understand and for actuarial candidates to master. These authors 
wrote for experienced actuaries who were familiar with the ratemaking issues and proficient 
with the mathematical methods. 

DrJ. Eric Brosius and Sholom Feldblum have taught the minimum bias procedure to several 
hundred actuarial candidates since 1995. They have developed heuristic illustrations and 
intuitive explanations that clarify the theory. 

This paper is a practitioner's guide to the minimum bias procedure. It combines the theory 
of the original actuarial papers with the teaching material prepared by Brosius and Feldblum. 
It explains the rationale for the procedure and it shows its applications. Itteachesthe method 
to new actuaries and it gives them the background to read the original Proceedings papers. 

The title of this paper is the "Minimum Bias Procedure," since that name is now common in 
the U.S. actuarial profession. The subject of this paper should more properly be described 
as the development of multi-dimensional classification systems. This subject is broad. The 
paper covers part of this subject, of which one component is the minimum bias procedure and 
the alternative methods discussed here. 
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This Practitioner's Guide does not cover generalized linear models. Generalized linear 
models are commonly used in the United Kingdom and in continental Europe for multi- 
dimensional classification ratemaking. We treat generalized linear models in a companion 
Practitioner's Guide. 
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THE PRACTITIONER'S GUIDE 

Practicing actuaries are unique professionals. Their goal is to manage business endeavors, 
not simply to provide statistical advice. Yet their expertise rests on a large body of theoretical 
knowledge, not just on experience. The role of this Practitioner's Guide is to transform 
theoretical knowledge into practical business situations. 

The pure actuary concentrates on fundamental theory, confident that sound theory will find its 
way into multiple applications. Many actuarial papers are written from this perspective. 

The practicing actuary, in contrast, begins with the business problem and works backward to 
find theoretical solutions. Similarly, this Practitioner's Guide begins with the business need 
for multi-dimensional classification relativity systems. It unveils the intuition underlying the 
statistical methods and examines their suitability for the business scenarios. 
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THE WORLD BEFORE BAILEY AND SIMON 

Before Bailey and Simon introduced the minimum bias procedure, classification relativities 
were determined one dimension at a time. The appendices to Charles McClenahan's 
"Ratemaking" chapter and Robert Finger's "Risk Classification" chapter in the CAS 
Foundations ofCasualtyActuaria/Sciencetextbook illustrate the procedure. This remains 
the dominant classification ratemaking system for many lines of business in the United States. 
In other countries, such as Great Britain, actuaries have made more use of generalized linear 
models (GLM) to develop classification relativities; see the companion paper on GLM. 

If a line of business has a one-dimensional classification system, the minimum bias procedure 
adds nothing to the traditional calculation. Workers' compensation, for example, uses industry 
as the only dimension in the classification system. Insurers are now examining other 
classification dimensions for workers' compensation; the minimum bias procedure and 
generalized linear models may prove valuable in this analysis. 

The minimum bias procedure is useful when the classification system has two or more 
dimensions. Throughout this paper, we use examples of two dimensions. The extension to 
three or more dimensions is straight-forward, but the arithmeUc becomes cumbersome and 
it is more difficult to format the arrays on a two-dimensional page. These problems are 
eliminated by spreadsheet implementations of the procedure. 

There are several reasons for using a procedure which looks at all dimensions of the 
classification system simultaneously; we provide the intuition further below. The primary 
statistical issue relates to the optimal bias function. The 1960 Bailey and Simon paper 
emphasizes the credibility argument, from which the authors concluded that the x-squared 
function is the optimal bias function. The 1963 Bailey paper emphasizes the bias argument, 
from which Bailey inferred that the balance principle is the optimal bias function. Some 
statisticians argue that the maximum likelihood function is inherently superior to the other bias 
functions; this method is discussed in Brown's paper. 

We define the terms, explain the statistical procedures, and review the intuition underlying 
each method further below. It is hard for some readers to grasp the intuition until they have a 
working knowledge of the methods. We provide the explanations alongside a series of 
heuristic illustrations. 

We are setting pure premiums. We do not deal with expenses by classification or with gross 
premiums. 3 We base the pure premiums upon the empirical observations in each cell of an 

3 For expense Ioadings by classification and development of gross premiums in competitive markets, 
see S. Feldblum [1996: PAP]. 
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array. For a two dimensional classification system, this means each cell in a matrix. The 
observations can be average loss costs (i.e., pure premiums), loss frequencies, or loss ratios. 
In practice, the data would consist of losses and exposures (for loss costs), claim counts and 
exposures (for loss frequencies), or losses and premiums (for loss ratios). 

ILLUSTRATIONS 

A series of illustrations forms the backbone of this Practitioner's Guide. The basic illustration 
has two dimensions with two values in each dimension. This prevents the intuition from getting 
submerged under tedious mathematics. The illustrations are constructed so that they are not 
conceptually different from real scenarios. For practical work, the minimum bias procedure 
is most important for multi-dimensional classification systems that have multiple entries in 
each dimension. 

Most of the illustrations show only one iteration. (The meaning of an "iteration" is provided 
below.) In practice, multiple iterations are needed for convergence, since the procedures do 
not have closed form solutions. The work would be tedious were it done by hand. With current 
spreadsheet applications, the work is elementary. Some spreadsheets have built-in iteraUve 
functions, such as "goal-seek" and "solver" in Excel. Some software packages, such as SAS, 
have built-in routines for generalized linear models. Once the intuition is clear, the required 
programming is not difficult. 
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MULTIPLICATIVE MODEL 

Illustration: A classification system for private passenger automobi le  insurance has two 
dimensions: (i) urban vs rural and (ii) male vs female. A company insures exact ly four drivers, 
one in each cell, with the fol lowing observed loss costs: 4 

Urban Rural 

Male $800 $400 

Female $400 $200 

We seek to determine pure premium relativities. 5 We compare all males with all females, or  
$1,200 for two exposures compared to $600 for two exposures. This gives a pure premium 
relativity of 

Male to Female = 2 to 1 

We do the same for urban versus rural, and we get the same relativity. We choose "rural 
female" as the base class, and we get the fol lowing set of relaUvities: 

Male: 2.00 = sl 
Female: 1.00 = s2 
Urban: 2.00 = tl 
Rural: 1.00 = t2 

An urban male driver has an indicated pure premium of the base rate t imes the urban relativity 
t imes the male relativity, or $200 x 2.00 x 2.00 = $800. More generally, the pure premium in 
cell (i,j) is $200 x s~ x tj. 

4 We defer for the moment our discussion of credibility. If the observed loss costs were fully credible 
- that is, if they were fully accurate and unbiased estimators of the expected pure premiums within each cell 
of the matrix - we would use the observed loss costs as the pure premiums, and we could dispense with the 
classification ratemaking problem. 

s We sometimes refer to the pure premium relativities as rate relativities, since this is the more common 
actuarial term. For the conversion of pure premium relativities into rate relativities, see Feldblum [1996: PAP, 
pages 231-237]. 
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In this illustration, the indicated pure premiums match the observed loss costs. The minimum 
bias method is not needed for this case. 6 

Assumptions 

Two assumptions underlie this analysis. 

Instead of using the observed loss costs as the indicated pure premiums, we convert them 
into a system of classification relativities. There are both practical and theoretical reasons 
for using classification relativities. 

a. Practical: In many lines of business, there are several classification dimensions with 
numerous classes in each. Using separate rates for each cell of the array is unwieldy. 

b. Theoretical:UsingrelativitiesimprovestheaccuracyoftherateindicaUons, sincewe 
use all the information regarding each cell's expected pure premium. This reason 
comes under the general rubric of credibility considerations. 

The practical reason (reason"a") was once compelling, though the development of on-line 
premium quoting system has reduced its importance. If a cell has low volume, credibility 
considerations justify basing future rates more heavily on classification relativities than on 
observed data in that cell. We discuss this further below. 

2. We assumed that the relativities model is multiplicative. A multiplicative model means that 
the relativity for a given cell is the product of the relativities in its row and column. Robert 
Finger [1976] justifies this assumption (in another context) by stating that several 
independent factors interact multiplicatively to determine the liability claim size. For 
automobile insurance, these factors include 

• the speed of the vehicles before impact 
• the health of the injured party 
• the protection (e.g., with seat belts, interior padding) of the victim 
• the income of the victim 
• the skill of the plaintiff's attorney, and 
• the skill of the defendant's claims adjusters. 

This reasoning would be more persuasive if these factors were also the classification 
dimensions. They are not; instead, the classification dimensions are driver characteristics, 
garaging territory, and use of the vehicle. 

6 The McClenahan and Finger chapters of the Foundations of Casualty Actuarial Science textbook u s e s  

this procedure to determine rate relativities. 
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The multiplicative model implicitly assumes that the classification dimensions are 
independent. It is less appropriate when classification dimensions are correlated. The 
pricing actuary must determine - both empirically and logically- what model is best. The 
minimum bias procedure aids this determination. 
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THE ADDITIVE MODEL 

The indicated pure premiums may differ from the observed loss costs for two reasons: 

• The model structure may be incorrect. 
• Random loss fluctuations influence the observed loss costs. 

We treat the first reason, the model structure, in this section. We are determining pure 
premium relativities, but the observed loss costs are as shown below. 

Urban Rural 

Male $700 $500 

Female $400 $200 

We begin in the same fashion as we did before. We compare all males to all females, giving 
a pure premium relativity of $1,200 to $600, or 2 to 1. We compare all urban to all rural, giving 
a pure premium relativity of $1,100 to $700, or 1.571 to 1. We choose rural females as the 
base class. 

The indicated pure premium relativities no longer match the observed loss costs. The 
indicated pure premium for rural males is $200 x 2.000 = $400, but the observed loss costs 
are $500. The indicated pure premium for urban females is $200 x 1.571 = $314, but the 
observed loss costs are $400. The differences are significant. 

No multiplicative factors work perfectly. In urban territories, the relationship of male to female 
is $700 to $400, or 1.75 to 1. In rural territories, the relationship of male to female is $500 to 
$200, or 2.50 to 1. A male to female relativity appropriate for the urban territories is not 
optimal for the rural territories. 

Similarly, for male drivers, the urban to rural relativity is $700 to $500, or 1.4 to 1, For female 
drivers, the urban to rural relativity is $400 to $200, or 2 to 1. An urban to rural relativity 
appropriate for male drivers is not optimal for female drivers. 

The discussion in the paragraphs above assumes that the rating model is multiplicative. In 
this illustration, an additive is more appropriate. We add or subtract a dollar amount for each 
class instead of multiplying by a factor. 
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Let the base class be rural females, with a base rate of $200, and let the relativities be as 
shown below: 

• Male: +$300 
• Female: +$0 
• Urban: +$200 
• Rural: +$0 

The rate for any cell is the base rate plus the male/female relativity plus the territory relativity. 

The indicated pure premiums now match the observed loss costs. Rural male = $200 + $300 
+ $0 = $500. Urban male = $200 + $300 + $200 = $700. 

The additive method provides an exact match because 

1. The dollar difference between males and females is the same for the rural column as for 
the urban column. In both columns, the dollar difference is $300. 

2. The dollar difference between urban and rural is the same for the male row as for the 
female row. In both rows, the dollar difference is $200. 
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ADDITIVE INTUITION 

Some casualty actuaries implicitly assume that pure premium relativities should be 
multiplicative, not additive. Current multi-dimensional classification systems for the casualty 
lines of business generally use multiplicative factors. 

Regulators sometimes castigate insurers for using multiplicative factors that"unduly" increase 
the rates for high-risk insureds. Some actuaries assume that this criticism is purely political, 
not actuarial. This is often true, but it is not always correct. When two or more dimensions of 
the classification system are correlated, multiplicative systems may be biased. For some 
types of insurance, multiplicative systems may be biased even when classification dimensions 
are not correlated. 

Life insurance rating systems provide an example. If smokers have twice the mortality of non- 
smokers, and persons with high-blood pressure have twice the mortality of persons with 
average blood pressure, should high-blood pressure smokers have four times the mortality 
of average blood pressure non-smokers? Life insurance underwriters employ judgment to 
assess the rating for applicants with multiple causes of high mortality. A pure multiplicative 
rating system would not be appropriate. 

We discuss multiplicative and additive models throughout this Practi~oner's Guide. It is useful 
to understand the circumstances that justify the use of each type of system. 

We use the illustration presented in the 1960 Bailey and Simon paper. We have two rating 
dimensions: (i) class of driver and (ii) merit rating class. 

1. Class of driver refers to the driver characteristics, such as age, sex, and marital status, as 
well as use of the vehicle, such as pleasure use or business use. 

2. Merit rating class refers to the number of immediately preceding accident free years, 
ranging from 0 to 3. 

These two rating dimensions are partially correlated. Young, unmarried male drivers have a 
high average class relativity. Because these drivers either are new drivers or (if not new) are 
more likely to have had an accident in the past year, they have relatively few accident free 
years. 

Mature female drivers have a low class relativity. Because they are more experienced drivers 
with fewer past accidents, they also have (on average) merit rating class credits. The two 
rating dimensions are not independent. 
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To choose between a multiplicative model and an additive model, we first find an optimal 
model of each type. We use a minimum bias procedure to select the optimal multiplicative 
factors for the multiplicative model and the optimal additive factors for the additive model. We 
then compare the goodness-of-fit of the indicated pure premiums from each model to the 
observed loss costs. Both Rob Brown and Bailey and Simon did this analysis for the 
Canadian merit rating plan factors. As Venter notes in his discussion of Brown's paper, some 
private passenger automobile insurance carders used a combined additive and mulUplicative 
model; see below. 

This teaching guide does not advocate any particular rating method. Once readers are 
comfortable with the procedures described here, they should be well equipped to optimize the 
classification relativities for any scenario. 
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BIAS FUNCTIONS 

In practice, the indicated pure premiums do not perfectly match the observed loss costs for 
ei ther an addit ive model  or a multiplicative model. We illustrate with the same 2 by 2 
classif ication system. The observed loss costs are shown in the table below: 

Urban Rural 

Male $800 $500 

Female $400 $200 

Neither an addit ive model  nor a multiplicative model  provides a perfect match. If we use a 
model  that does not perfectly match the observed data, we must determine how to minimize 
the mismatch between the observed loss costs and the indicated pure premiums. A "bias 
function" is a means of comparing two or more models to see which fits the data with the 
smal lest  degree of m ismatch f  To choose the optimal model, we proceed along three steps: 

1. We choose a rating method, such as an addit ive model, a multipl icative model, or  a 
combined model.  

2. We select a bias function to opt imize the rating method. This Practitioner's Guide 
discusses the balance principle, least squares, Z 2, and maximum likelihood bias functions. 

3. For each opt imized rating method, we examine the goodness-of-f i t  of the indicated pure 
premiums with the observed loss costs. 

For models  using a maximum likel ihood bias function, we must also choose a probabil i ty 
distribution function for losses within each cell. 

We begin with the balance principle, since it is the bias function most commonly  used in 
practice. The 1963 Bailey paper provides a compell ing justification for the balance principle, s 

7 The "bias function" is not a standard statistical term, and the balance principle is not a standard 
statistical principle. As used in this Practitioner's Guide, the bias function is the means of determining how 
"close" the indicated pure premiums are to the observed loss costs or how great the "mismatch" is between 
these two sets of data. The sum of the squared deviations and the X-squared deviation are common statistical 
bias functions. The balance principle, which was introduced by Bailey and Simon in "1960 and then strongly 
endorsed by Bailey in 1963, minimizes the bias along the dimensions of the classification system, thereby 
leading to the term "minimum bias." 

s In contrast, Brown [1988] and Mildenhall [1999] argue that the standard statistical functions, such as 
least squares, X-squared, and maximum likelihood, along with generalized linear models, should be considered 
in place of the balance principle. 
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THE BALANCE PRINCIPLE 

The balance principle means that 

the sum of the indicated pure premiums = the sum of the observed loss costs 

along every row and every column, 

We examine the balance principle for both the additive and the multiplicative models in our 
simplified illustration. On the left are the observed loss costs; on the right are the indicated 
pure premiums. We begin with the multiplicative model. 9 

Urban Rural terrl terr2 

Male $800 $500 sexl 200 x s~ x t~ 200 x s~ x t2 

Female $400 $200 sex2 200 x s2 x t~ 200 x s2 x t2 

To balance along the first row (the "male" row), we must have 

800 + 500 = 200 x st x tl + 200 x sl x t2 

To balance along the second row (the "female" row), we must have 

400 + 200 = 200 x s2 x tl + 200 x s2 x t2 

To balance along the first column (the "urban" column), we must have 

800 + 400 = 200 x sl x tt + 200 x s2 x t~ 

To balance along the second column (the "rural" column), we must have 

500 + 200 = 200 x sl x t2 + 200 x s2 x t2 

We have two rows and two columns, for a total of four equations. We have four variables, so 
we can solve the equations. 

9 To keep the notation simple, we use rating dimensions of male vs female and urban vs rural throughout 
this Practitioner's Guide. For the formulas in the illustrations, we use sex1 = sl = male, sex 2 = s 2 = female, terq 
= tl = urban, and terr 2 = t 2 = rural. The recursive equations use variable names of x, y, and z, and rating 
dimensions of i and j. 
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Although we have four equations in four unknowns, we do not have a unique solution. There 
are two special considerations we must be aware of. These two considerations offset each 
other in such a way as to yield a unique set of indicated pure premiums. 

1. Dependence among the equations: These equations are related by a totality constraint. 
Using any three of these equations we can derive the fourth, since the sum of the rows equals 
the sum of the columns. For instance, the fourth equation equals the first equation plus the 
second equation minus the third equation. 

More generally, the equation for any column equals the sum of the equations for the rows 
minus the sum of the equations for the other columns. The equation for any row equals the 
sum of the equations for the columns minus the sum of the equations for the other rows. 

2. Invariance under reciprocal scalar multiplication: We can set one of the variables 
arbitrarily, and we can still solve the system of equations. To see this most clearly, suppose 
that we have solved these equations for values of the four variables s~, s2, t~, and t2. Another 
solution is 2sl, 2s2, Y2t~, and V2t2. We could use anyconstant in place of"2." No matter which 
setof relativities we pick, the values in the cells remain the same. The values in the cells are 
the product of an %" relativity and a "t" relativity, so the additional constant cancels out. 

We have an additional variable. The pure premium in each cell depends on the "base rate" 
(actually, the"base pure premium"). If the relativities sl, s2, tl, and t2 optimize the rating model 
for a base pure premium of $200, the relativities 2S1, 2S2, t l ,  and t2 optimize the rating model 
for a base pure premium of $100.1° 

The minimum bias procedure optimizes the relationship of the rating variables along each 
dimension of the classification system. If sl = 2 x s2 for a given base rate and a given set of 
territorial relativities, then Sl = 2 x s2 for any other base rate and territorial relativities. 

By convention, we choose a base class in each classification dimension. This is often the 
largest class, though any class may be used. The base class in each classification dimension 
is given a relativity of unity. This determines the values of all other rating variables as well as 
the value of the base rate. 

lO With so much leeway in choosing the classification relativities, one might ask what we are "optimizing." 
We are optimizing the indicated pure premiums. Each set of classification relativities give the same indicated 
pure premiums. The optimization is relative to the bias function. The optimal pure premiums have the least 
bias, the least sum of squared deviations, the least X-squared value, or the greatest likelihood. 
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Solving the Equations 

The equations are notlinear, so there is no closed form solution. We begin with an arbitrary 
(but reasonable) choice of relativities for one dimension, and we solve the equations 
iteratively." 

Illustration: We choose a set of relaUvities for urban and rural. Suppose we choose 2.00 for 
urban and 1.00 for rural. 

Urban Rural terr~ = 2 terr~ = 1 

Male $800 $500 sex1 200 x s~ x 2 200 x st x 1 

Female $400 $200 sex2 200 x s2 x 2 200 x s2 x 1 

The balance equation for the first row (the "male" row) says that 

800 + 500 = 200 x Sl x 2 + 200 x st x 1 

This give us: 1,300 = 600 x st, or sl = 13/6. 

Balancing along the second row (the "female" row) gives 

400 + 200 = 200 x s2 x 2 + 200 x s2 × 1, 
or s2 = 600/600 = 1. 

We now have intermediate values for the male and female relativities of 13/6 and 1. We 
discard the initial values for the urban and rural relaUviUes of 2.00 and 1.00, and we solve for 
new intermediate values by balancing along the columns. 

The balance equation for the first column (the "urban" column) says that 

800 + 400 = 200 x (13/6) x tl + 200 x 1 x tl 

This implies that 1,200 = 633.33 tt, or tt = 1.895. 

Balancing along the second column (the "rural" column) gives 

11 Iterative methods were originally adopted because there are no closed form solutions. They are ideal 
for spreadsheet applications, which have eliminated the hand calculations. 
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500 + 200 = 200 x (13/6) x t2 + 200 x 1 x t2, 
or t2 = 1.105. 

We continue in this fashion. We discard the previous male and female relativities, and we 
solve for new ones: 

Balancing along the first row (the "male" row) gives 

800 + 500 = 200 x sl x 1.895 + 200 x sl x 1.105 

and balancing along the second row (the "female" row) gives 

400 + 200 = 200 x s2 x 1.895 + 200 x s2 x 1.105 

We solve these two equations for new values of the male and female relativities, we discard 
the previous values of the urban and rural relativities, and we balance along the columns for 
new values of the urban and rural relativities. 

We continue in this fashion until the relativities converge. Convergence means that the 
change in the relativities from an additional iteration is not material. Pencil and paper 
calculation of the minimum bias relativities is tedious, particularly if there are many classes 
within each dimension. The built-in iterative functions in standard spreadsheet packages 
eliminate this problem. 

In practice, we begin with starting values determined by the simple rate relativiUes procedure. 
In this illustration, the urban to rural relativity is 12 to 7. Ifwe choose a pure premium relativity 
of 1.000 as the starting value for the rural class, we would choose a starting value of 12 - 7 
= 1.714 for the urban class. The starting values have no effect on the final rates in each cell. 

Once the series converges, the common practice is to normalize the base class relativities 
to unity. We normalize by changing the base rate. For instance, suppose that the series 
above converged after a single iteration. (It does not actually converge after a single iteration; 
we simply want to show the normalization technique.) 

A. Theterritorialrelativitiesare1.895forurbanand1.105forrural. If the rural territory is the 
base class, we change the rural relativity to 1.000, we change the urban relativity to 1.895 
+ 1.105 = 1.715, and we change the base rate to $200 x 1.105 = $221. 

B. The male/female relativities are 13/6 for males and 1.000forfemales. If females arethe 
base class, these relativities are already normalized. If males are the base class, we 
change the male relativity to 1.000, the female relativity to 6/13, and we multiply the base 
rate by 13/6. 
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THE ADDITIVE MODEL 

There are several equivalent formulas for the additive model. The rate in cell ~Yi, or row"i" and 
column "j," is 

A. Base rate + ~ + Yi, 
B. Base rate x (1 + u~ + vi), or 
C. Base rate x (p~ + qj) 

To see the equivalence of these formulas, suppose the base rate in formula "A" is $10. 

In formula"B," the base rate is also $10, each"u" value is one tenth the corresponding "x" 
value in formula"A," and each "v" value in formula"B" is one tenth the corresponding "y" 
value in formula "A": u~ = 0.1 x x~ and vj = 0.1 x Yi. 
Formula "(3" is equivalent to form ula "B," except that either the "p" values are all increased 
by 1, the"q" values are all increased by 1, or the"p" values are increased by a constant (c) 
and the "q" values are increased by the complement of that constant ( l - c ) :  p~ = 1 + u~.0f 
qj = 1 + vj (both not both) or p~ = %" + u~ andq i = "1-c" + v i. 

We use the first form - formula " A " -  for our illustrative example, since it shows the additive 
method most clearly. In practice, formula "C" might be preferred, since only the base rate 
need be increased for inflation. In formula =A," the base rate and all the relativities must be 
increased for inflation. The inflation adjustments would necessitate new rate pages each year. 

We choose initial values for the urban and rural relativities: say, $250 and $0.12 These initial 
values are based on the simple rate relativities procedure, since the average differential 
between the urban and rural observed loss costs is $250.13 

Urban Rural terrl = 250 terr2 = 0 

Male $800 $500 sexl 200 + sl + 250 200 + sl + 0 

Female $400 $200 sex2 200 + s2 + 250 200 + s2 + 0 

Balancing along the first row (the "male" row) gives 

12 The term "relativities" is more appropriate for a multiplicative model, where the relativities are 
multiplicative factors. An additive model uses dollar relativities that are added to the base rate. 

~s The average differential is ½ x [(800 - 500) + (400 - 200)] = 250. 
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800 + 500 = 200 + sl + 250 + 200 + sl + 0, 
or Sl = 650/2 = 325. 

Balancing along the second row (the "female" row) gives 

400 + 200 = 200 + s2 + 250 + 200 + s2 + 0, 
or s2 = -50/2 = -25. 

We discard the initial values for the urban and rural relativities, and we balance along the 
columns, using the intermediate values of the male and female relativities, to get new values 
for the urban and rural relativiUes. We continue the iterative process until the series converges. 

The negative relativity of -$25 for females seems odd at first. In truth, the relativity for female 
drivers is not inherently negative; this is an artifact of the base rate and the starting values. 

We could make the relativity for females positive by adding a constant to the male and female 
relativiUes and subtracting the same constant from the rural and urban relativities. For 
instance, we could add $75 to the male and female relativities to get relativities of $400 and 
$50, and we would subtract $75 from the rural and urban relativities. 

We can make all the relativities positive or negative by adjusting the base rate. For instance, 
by choosing a base rate of $1,000, we obtain negative relativities for male drivers, female 
drivers, rural drivers, and urban drivers. Companies may do this for marketing reasons. All 
drivers get discounts from the base rate, so all drivers feel they are gaining from the 
(~lassification system. 

Alternatively, we may set a relativity of $0 for the base class in each classification dimension. 
This determines the base rate and all other relativities. 
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EXPOSURES 

The illustrations assume one driver in each cell or the same number of drivers in each cell. 
In practice, there may be different numbers of risks in each cell. 

Two types of adjustments are needed: an adjustment to the bias function and an adjustment 
for credibility. 

• We adjust the bias function for the relative volume of business in each cell (see below), not 
for the absolute volume of business. 

• We may make a credibility adjustment based on the absolute volume of business in a cell. 

Illustration: Insurer A has 100 exposures in each cell; insurer B has 10,000 exposures in each 
cell. Insurer A may rely more heavily on the minimum bias procedure. Insurer B may give 
greater weight to the empirical observations. 

We deal with the adjustment to the bias function in this section. We defer the adjustment for 
credibility until later. 

We deal with multiple exposures in a cell as though there were multiple cells laid on top of 
each other. We set the sum of the observed loss costs in each row or column equal to the 
sum of the indicated pure premiums in the corresponding row or column. If there are two 
drivers in a given cell, we double both the observed loss costs and the indicated pure 
premiums in that cell. If there are"n" drivers in a given cell, we multiply both the observed loss 
costs and the indicated pure premiums in that cell by "n." 

In the illustrations above, we used two matrices: a 2 by 2 matrix of observed loss costs and 
a 2 by 2 matrix of indicated pure premiums. This is sufficient when there is exactly one driver 
in each cell, or when the number of drivers in each cell is the same. When the number of 
drivers varies by cell, we need a matrix of the number of drivers in each cell. 

For the multiplicative model, suppose that the number of drivers were as follows: 

• male urban: 1200 
• male rural: 600 
• female urban: 1000 
• female rural: 800 

We include the number of drivers in the matrices: 
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Urban Rural terr~ terr2 

Male 1 2 0 0 x $ 8 0 0  6 0 0 x $ 5 0 0  sex~ 1 2 0 0 x 2 0 0 x s ~ x t l  6 0 0 x 2 0 0 x s l x t 2  

Female 1 0 0 0 x $ 4 0 0  8 0 0 x $ 2 0 0  sex2 1 0 0 0 x 2 0 0 x s 2 x t l  8 0 0 x 2 0 0 x s 2 x t 2  

We modi fy  the balance equat ions to include exposures. 

To balance along the first row (the "male" row), we must have 

1200 x 800 + 600 x 500 = 1200 x 200 x sl x tl + 600 x 200 x sl x t2 

To balance along the second row (the "female" row), we must have 

1000 x 400 + 800 x 200 = 1000 x 200 x s2 x tl + 800 x 200 x $2 x t2 

To balance along the first column (the "urban" column), we must have 

1200 x 800 + 1000 x 400 = 1200 x 200 x sl x t~ + 1000 x 200 x s2 x t~ 

To balance a long the second column (the "rural" column), we must have 

600 x 500 + 800 x 200 = 600 x 200 x s~ x t2 + 800 x 200 x s2 x t2 
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MODELING 

This paper proceeds simultaneously along three paths: illustrations, rigor, and intuition. 
Readers new to this topic should focus on the illustrations. Readers seeking to implement 
these methods should focus on the rigor. The rigor presents the equations which must be 
incorporated into a spreadsheet or program as well as the goodness-of-fit tests that indicate 
which models are superior. 

More experienced actuaries should focus on the intuition. The intuition explains why we are 
using these procedures and it provides the rationale for the methods. The skilled actuary must 
understand not only the mechanics of a procedure but also what the procedure attempts to 
accomplish and why a particular procedure is appropriate for a given scenario. 

We begin with observed loss costs. One might wonder: Why can't we use these figures, 
appropdately developed and trended, as the indicated pure premiums forthe coming policy 
pedod? Instead of fitting either multiplicative or additive models to the observed data, let 
us use $800 as the indicated pure premium for urban male ddvers, $400 as the indicated 
pure premium for urban female drivers, $500 as the indicated pure premium for rural male 
drivers, and $200 as the indicated pure premium for rural female ddvers. 

The common answer is that the individual cells are "not fully credible." This answer is correct, 
but the terminology is not ideal. The term "credible" has a vague connotation. Let us be more 
precise, so that we grasp the intuition. 

Credibility is a relative concept. No cell is inherently credible or not credible. The cell's 
credibility depends on the value of its own experience versus the information provided by the 
values in other cells. 

Consider the basic illustration with the following observed loss costs: 

Urban Rural 

Ma~ $800 $500 

Fema~ $400 $200 

The urban male observed pure premium of $800 is a mixture of expected losses and random 
loss fluctuations. How might we judge whether it is biased upwards or downwards? 

Let us suppose first that the rating values combine additively to generate the expected losses. 
The urban male observed loss cost of $800 is $300 more than the rural male observed loss 
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cost of $500. This suggests that the urban attribute of the vehicle's location adds about $300 
to the expected loss costs. 

However, the urban female observed loss cost of $400 is only $200 more than the rural female 
observed loss cost of $200. This suggests that the extra cost associated with the urban 
attribute is only $200, not $300. This implies that the urban male loss cost of $800 might be 
biased upwards. 

We perform a similar analysis for male versus female. The urban male observed loss cost of 
$800 is $400 more than the urban female observed loss cost of $400. This suggests that the 
male attribute adds about $400 to the expected loss costs. 

However, the rural male observed loss cost of $500 is only $300 more than the rural female 
observed loss cost of $200. This suggests that the extra cost ~ssociated with the male 
attribute is only $300, not $400. In other words, the urban male loss cost of $800 might be 
biased upwards. 

The $800 observed loss cost in the urban male cell does not tell us how much of this observed 
loss cost is expected and how much is distorted by random loss fluctuations. If we know the 
mathematical function linking the cells - that is, if the characteristics of the driver and the 
vehicle have some additive or multiplicative relationship - we can use additional cells to 
provide information about the true expected costs for urban male drivers. In this illustration, 
the other cells imply that the $800 observed loss cost might be biased upwards. 

If we assume that the cells are linked by a multiplicaUve relationship, our inferences change. 
The urban male observed value of $800 is 160% of the rural male observed value of $500. 
This suggests that the urban attribute of the vehicle's location adds about 60% to the expected 
loss costs. 

The urban female observed loss cost of $400 is twice the rural female observed loss cost of 
$200. This suggests that the extra cost associated with the urban attribute is +100%, not 
+60%. The urban male loss cost of $800 might be biased downwards. 

We use a similar analysis for male versus female. The urban male observed loss cost of $800 
is twice the urban female observed loss cost of $400. This suggests that the male attribute 
adds about 100% to the expected loss costs. 

The rural male observed loss cost of $500 is 250% of the rural female observed loss cost of 
$200. This suggests that the extra cost associated with the male attribute is +150%, not 
+100%. The urban male loss cost of $800 might be biased downwards. 
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If the cells are linked additively, we infer that the urban male observed loss costs of $800 might 
be biased upwards. If the cells are linked multiplicatively, we infer that the urban male 
observed loss costs of $800 might be biased downwards. TM 

With a 2 by 2 matrix, there are 4 cells in total. If the exposures are evenly distributed among 
the cells, each cell contains 25% of the total exposures, whether there is 1 car in cell or 10,000 
cars in each cell. We give much credence to the observed value in that cell compared to our 
inferences from other cells. With a larger array, such as a 10 by 10 by 10 array, there are 
many more cells. The average cell contains only 0.1% of the total exposures. We give less 
credence to the observed loss costs in that cell compared to our inferences from other cells. 

This is the intuition for classification ratemaking in general and for the minimum bias 
procedure in particular. The rating model-such as additive, multiplicative, or combined - 
tells us the type of relationship joining the cells. The bias function- such as balance principle, 
x-squared, least squared error, or maximum likelihood - provides a method of drawing 
inferences from one cell to another. 

CREDIBILITY 

The original papers on the minimum bias procedure discuss credibility considerations, but 
they come to differing conclusions. Insurers and rating bureaus using versions of the minimum 
bias procedure sometimes add credibility enhancements. 

We do not discuss credibility in depth until we cover additional bias functions, goodness-of-fit 
tests, and classification models. We introduce here the general credibility issues. 

The 1960 Bailey and Simon paper uses credibilityconsiderations to pick a bias function. The 
authors' view of the appropriate credibility for each cell led them to choose the x-squared bias 
function over the balance principle. 

The 1963 Bailey paper, which advocates the balance principle, has no explicit discussion of 
credibility. The balance principle has an implicit credibility component. The credibility of a cell 
is proportional to the exposures in that cell. If we double the exposures in a cell, we double 
the credibility of that cell. 

We conceive of a cell with multiple exposures as a stack of cells each containing a single 
exposure. These cells are all at the same location in the array, but there is nothing special 
joining these cells into a group. Instead of one cell with two exposures and an average loss 

~4 In practice, the direction of the bias rarely depends on the type of rating model. The more common 
scenario might show an observed loss cost of $600, an additive model indicated pure premium of $550, and 
a multiplicative model indicated pure premium of $530. We might infer that the observed loss costs are biased 
upwards by random loss fluctuations. 
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cost of $500, we conceive of two cells with one exposure in each. The observed loss costs 
in the two cells have an average value of $500. 

Venter looks at credibility from a different angle. We said above that the $800 observed loss 
cost for urban male drivers might be overstated for an additive model or understated for a 
multiplicative model. The over- or understatement stems from random loss fluctuations. If 
there is a single exposure in each cell, an overstatement or understatement is likely. If there 
are 10,000 exposures in each cell, the degree of overstatement or understatement is likely to 
be smaller. 

If there is single exposure in each cell, we might attribute the$800 observed loss cost to 
random loss fluctuations. If there are 10,000 exposures in the urban male cell, we might 
attribute the observed loss cost to the special hazards of being male and living in a city. The 
number of exposures in the cell may suggest how much credence to give to the observed 
value in that cell versus the inferences from other cells. 

ITERATIVE FORMULAS 

We have presented simple illustrations and intuitive explanations. To program this procedure 
on a spreadsheet or in source code, we need general formulas. 

We derive the iterative formulas for the multiplicative balance principle model. For the 
balance principle, we balance along the rows and the columns until we achieve convergence. 
Convergence means that an additional iteration does not materially change the relativities. 
With modern spreadsheets, the speed of convergence is not a concern. If the insurance 
premium is expressed in whole dollars, we might define convergence such that the indicated 
pure premiums stay the same to the nearest dollar. 

We designate the number of exposures in row land column j by nii, and the observed pure 
premiums in row iand column jby r~j. The balancing equations for the multiplicative model are 

T. = T. 
J J 

In this equation, xis a row relativity and yis a column relativity. TM The equation assumes a 
base rate of unity. We solve this equation for xj to get 

~s In the illustrations, we use s for the row relativity and t for the column relativity as acronyms for the 
classification dimensions (sex and territory). The variables x and y are commonly used in the literature. 

618 



• n u r u  

J 
x~ - 

Z ni]y] 

We sum over the jsubscdpt when we balance along the rows (the/subscripts). We do this 
separately for each i. When we balance along the columns, we sum over the/subscripts and 
we do this separatelyforeachj. When the series converges, we set the relativity for the base 
class in each classification dimension to unity, and we adjust the base rate to offset this. 

For readers who wish to proceed to the original actuarial papers, this formula is the fifth 
expression on page 10 in the 1963 Bailey paper. In Brown's 1988 paper, this is formula (1.1) 
on page 189, formula (2.3) on page 192, and formula (3.3) on page 195. It is also formula 
(5.20) on page 201, which is Brown's multiplicative Poisson model with maximum likelihood 
estimation. This is also the final equation on page 44 of the 1999 Holler, Sommer, and 
Trahair paper (CAS Forum, Winter 1999), which follows Brown's derivation. 

We used two dimensions in this formula. One might assume that the two dimensions 
correspond to the two variables xand y. That is not correct. The two dimensions correspond 
to the two subscripts iand j. The xand yvariables correspond to two sets of relativities. A 
dimension can have two or even more sets of relativities. 

Illustration: The classification system has two dimensions: male vs female and territory A vs 
territory B. Territory A has more attomeys than territory B has, resulting in a higher propensity 
to sue and higher loss costs. Territory B has several blind intersections, leading to more 
accidents. We might presume that the higher attorney involvement in territory A increases the 
cost of all claims, so a multiplicative factor is appropriate, whereas the blind intersections in 
territory B adds additional hazards, so an additive factor is appropriate. The rating model 
might take the form 

indicated pure premium = xj x yj + zj, 

where i represents the male/female classification dimension and j represents the territory 
dimension. To optimize this rating model, the balance principle is not sufficient; we would 
have to employ one of the other bias functions. 16 

16 The balance principle provides i+j equations, but we have i+2j variables. The other bias functions 
discussed in this Practitioner's Guide provide i+2j equations. 
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The arithmetic is similar for any number of dimensions. The multiplicative model has one set 

• nu~uk 
j,k 

X i - -  
~ nUkyjzk 
j,k 

of relativities for each dimension. With three dimensions, the iterative formula is 

Similarly, we develop the general formula for the balance principle additive model by 
assuming a base rate of $0. The balance principle equation is 

Z (noto) = Z no.(xi + y j )  
J J 

and the iterative formula is 

x = 
i 

no.(rij - y j )  
J 

Z n  O. 
J 
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MULTIPLICATIVE MODEL 

Illustration: A multiplicative rating model with two dimensions and two classes in each 
dimension. The observed loss costs and exposures in each class are shown below. We use 
the balance principle to optimize the pure premium relativities. 

Using a base rate of 100 and starting values of 1.00 fory~ and 1.500 for y2, we compute the 
first iterative values of y~ and Y2. 

Loss Costs Y~ Y2 
xl 300 300 
x2 200 400 

Exposures Yl Y2 
x~ 1 O0 150 
x2 1 O0 1 O0 

Iterations 

We are given starting values for yl and Y2. To compute the first iterative values of yl and Y2, 
we must first compute the intermediate values for xl and x2. 

• From the starting values for Yl and Y2, we compute values for Xl and x2. 
• From the computed values of xl and x2, we compute new values for yl and Y2. 

Since the base pure premium is $100, the indicated pure premiums are $100 x ~ x yj. To 
simplify the mathematics, we compute all values in units of $100. The indicated pure 
premiums are xi x yj, and the observed loss costs are $3, $3, $2, and $4. 

We form a matrix of observed loss costs and indicated pure premiums: 

Yl Y2 Yl Y2 

x~ 3 3 xl xl x y~ x~ x Y2 

x2 2 4 x2 x2xy l  x2xy2 

We multiply each of the figures by the number of exposures in the cell: 
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Yl Y2 Yl Y2 

x l  100 x 3 150 x 3 Xl 1 O0 x Xl × Yl 150 x xl x Y2 

x2 1 O0 x 2 1 O0 x 4 x2 1 O0 x x2 x Yl 100 x x2 x Y2 

The starting values for y~ and Y2 are 1.00 and 1.50. We use the balance principle to obtain 
values for x~ and x2: 

and 

100 x 3 + 150 x 3 = 100 xx~ x 1.00+ 150 xx~ x 1.5, 
or 300 + 450 = 100 x Xl + 225 x xl, 

or xl = 2.308. 

100 x 2 + 100 x 4 = 100 x x2 x 1.00 + 100 x x2 x 1.5, 
or 200 + 400 = 100 x x2 + 150 x x2, 

or x2 = 2.400. 

We now have intermediate values for xl and x2. We discard the initial values for y~ and Y2, and 
we balance along the columns. 

and 

100 x 3 + 100 x 2 = 100 x 2.308 x Yl + 100 x 2.400 x Yl, 
or 300 + 200 = 230.8 x Yl + 240 x Yl, 

or Yl = 1.062. 

150 x 3 + 100 x 4 = 100 x 2.308 x Y2 + 100 x 2.400 x Y2, 
or 450 + 400 = 346.2 x Y2 + 240 x Y2, 

or Y2 = 1.450. 

This completes the mathematics. We comment on several items in this exercise. 

Data and Assumptions 

The number of exposures in each cell may be viewed as a credibility item. We give 50% 
more credence to the observed loss costs in the xl/y2 cell. Intuitively, we bel ieve the 
relationships involving cell x~/y2 more than we believe other relationships. 

The observed loss costs in the xl row indicate that there is no difference between yl and 
Y2. The observed loss costs in the x2 row indicate that the Y2 class should have twice the 
pure premium as the Yl class. We give more credence to the first of these two 
relationships. 
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The observed loss costs in the y~ column indicates that the x2 class should have a pure 
premium 33% Iowerthan the xl class. The observed loss costs in the Y2 column indicates 
that the x2 class should have a pure premium 33% higherthan the x~ class. We give more 
credence to the second of these two relationships. 

Since there are only four cells in the array, the indicated pure premiums should be close to the 
observed loss costs. If the relationships implied by the various rows and columns were 
consistent, the number of exposures in each cell would have little effect on the indicated pure 
premiums. ~7 In this exercise, the relationships implied by the different rows and columns are 
not consistent. The higher exposures in the xl/y2 cell tilts the indications toward the 
relationships involving that cell. 

We see this in the computed values for x I and x2. If the exposures were the same in each cell, 
we would have no reason to rate xl differently from x2: the y~ column suggests that the x2 class 
should have a 33% lower pure premium and the Y2 column indicates that the x2 class should 
have a 33% higher pure premium. Since we give more credence to the second of these two 
relationships, the x2 relativity is slightly higher than the xt relativity. 

Rating Model 

In practice, the pricing actuary is optimizing the pure premium relativities within a given rating 
model, such as the multiplicative model in this exercise. In theory, the pricing actuary might 
use the minimum bias procedure to determine the optimal rating model. 

The general rule is that a multiplicative model is indicated when the observed loss costs are 
more dispersed, and an additive model is indicated when the observed loss costs are less 
dispersed. TM More precisely, a multiplicative model is indicated when the high rated 
classifications stem from multiple high relativities. An additive model is indicated when the 
combination of high relativities does not result in very high observed loss costs. 

Sometimes the type of dispersion is evident, such as high pure premiums for young unmarried 
urban male drivers and low pure premiums for mature suburban female drivers. In this 
exercise, the degree of dispersion is not evident. 

17 By "consistent," we mean that the relationship among the column relativities are the same in each row. 

18 One can phrase this in statistical terms as a multiplicative model works better when the coefficient of 
variation is high and an additive model works better when the coefficient of variation is low. The generalizations 
are intended to guide practicing actuaries in choosing a model. In truth, the actuary must test the goodness-of- 
fit of each model to see which works best. 
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ADDITIVE MODEL 

An additive model with two dimensions has the observed loss costs shown below. Each cell 
has 1000 exposures. The base lost cost is 100. The formula for loss costs by cell is Loss 
Cost~j = (Base Loss Cost) x (x~ + Yi). We use the starting values shown below to compute 
intermediate values for y~ and Y2. 

• LOSS COSts: Yl Y2 
x~ 500 750 
x2 250 475 
x3 150 400 

• Startinq Values: 
xl 4.500 
x2 3.000 
x3 2.000 

Computations 

The number of exposures is the same in each cell. To simplify the computations, we may 
assume that there is a single exposure in each cell, since the factor of"1,000" cancels out of 
every equation. 

The base rate is $100. To simplify the mathematics, we use units of $100 and a base pure 
premium of unity. The indicated pure premiums are :~ + y, and the observed loss costs are 
divided by 100. 

The matrix of observed loss costs and indicated pure premiums is shown below: 

Xl 

X2 

X3 

Observed Values Indicated Values 

Yl Y2 Yl Y2 

5 7.5 xl xl + Yl Xl + Y2 

2.5 4.75 x2 x2 + Yl x2 + Y2 

1.5 4 x3 x3+Yl x3+y2 

We balance along the columns. For the first column, we have 

5.00 + 2.50 + 1.50 = (Xl + Yl) + (x2 + Yl) + (X3 -I" Yl) 

We substitute the starting values of the "x"s to get 

624 



5.00 +2.50 + 1.50 = (4.50 + Yl) + (3.00 + Yl) + (2.00 + Yl), 
or 3 Yl = 9.00 - 9.50, or Yl = -0.167. 

For the second column, we have 

7.50 + 4.75 + 4.00 = (xl + Y2) + (x2 + Y2) + (x3 + Y2) 

We substitute the starting values of the "x"s to get 

7.50 + 4.75 + 4.00 = (4.50 + Y2) + (3.00 + Y2) + (2.00 + Y2), 
or 3 Y2 = 16.25 - 9.50, or Y2 = 2.25. 

We have finished balancing along the columns. The next step is to balance along the rows. 
We take the new yvalues, Yl =-0.167 and Y2 = +2.25, and we corn pute new values for xl and 
x2 by balancing along each row. We continue this process- alternately balancing along rows 
and columns- until the new values at the end of an iteration do not differ significantly from the 
old values at the beginning of that iteration along both dimensions. 

Balance 

It is helpful to see the convergence of the iterative equations. 

• Duringtheiterativeprocess-beforeconvergence-theplanisaltematelybalancedalong 
the rows or along the columns, but not along both. 

• Once the series converges, the plan is balanced along both the rows and the columns. 

We have just balanced along the columns. To see that we are not yet balanced along the 
rows, we examine the first row: 

5.00 + 7.50 = (x~ + y~) + (x~ + Y2). 

Substituting the starting values of the "x"s and the first iterative values of the 'y's, we get 

12.50 = 4.50 + (-0.167) + 4.50 + 2.25 = 11.083. 

The equality does not hold, since the plan is not yet balanced. Since we are still far from 
convergence, balancing along the columns distorts any balance along the rows. 
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Other Classification Dimensions 

The basic illustrations use the minimum bias procedure to set pure premium relativities 
simultaneously for the male/female dimension and the urban/rural dimension. There may be 
other dimensions to the classification plan as weft, such as age of driver, marital status, type 
of vehicle, use of the car, driver education, prior accident history, and so forth. 

How do these other dimensions affect our analysis? 

Ideally, we would use a multi-dimensional minimum bias procedure to set all classification 
relaUvities simultaneously. In practice, this may not be possible. Some rate relativities may 
be set on a statewide basis, whereas other rate relativities may be set on a countrywide 
basis. Some rate relativities may be analyzed each year, whereas other rate relativities may 
be analyzed every several years. 

Territorial analyses must be done on a state by state basis. Certain driver characteristics and 
vehicle characteristics may be analyzed on a countr~Nide basis, for two reasons: 

1. The relativities are not expected to vary by state, as long as the states use the same 
insurance compensation system.19 The effects of type of vehicle, such as sedan, SUV, or 
sports car, on insurance loss costs should not vary by state. The same is true for the age, 
sex, and marital status of the driver. 

2. Some classification cells would have few exposures in a state analysis, and the results 
may be distorted by random loss fluctuations. The countrywide analysis uses more data, 
providing more credible results. For example, we maywish to analyze driver age in yearly 
increments: age 17, age 18, age 19, and so forth. Single state data may be too sparse 
to give credible results. 

Some classification dimensions, such as driver education, have a minor effect on overall loss 
costs. We may analyze these classification dimensions every five years or so, not every year. 

Suppose that we analyze the male/female dimension and the urban/rural dimension on a 
statewide basis, while relativities for other classification dimensions are set on a countrywide 
basis. We use a minimum bias method for the statewide analysis. 

19 The countrywide analysis may actually be done on all tort liability states or all no-fault states. The type 
of vehicle may have different effects, depending on the compensation system. The bodily injury rate relativities 
may be higher for SUV's (sports utility vehicles) than for sedans in tort liability states. The reverse may be true 
in no-fault states. 
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If all the classification dimensions are independent, the analysis should work well. If one or 
more of the other classification dimensions is correlated with the male/female or urban/rural 
dimensions, the rating analysis may be distorted. 

Illustration: Suppose that young people migrate to urban areas, for university education, work 
opportunities, and the glamor of urban social activities. Older people move to the suburbs and 
rural areas, to buy homes and raise families away from the vices of urban areas. The age of 
the driver is correlated with the urban/rural garaging location. 

The statewide analysis may indicate an urban to rural relativity of 2 to 1. The countrywide 
analysis may indicate a relativity for young unmarried male drivers of 3 to I when compared 
to adult drivers. 

The relativity for young unmarried urban male drivers is not 6 to 1, even if a multiplicative 
model is appropriate for automobile insurance. Many of the young unmarried male drivers in 
the countrywide analysis live in urban areas, and many of the urban drivers are young and 
unmarried. 

The optimal solution is to use a complete multi-dimensional statewide analysis, including age 
and marital status of the driver. This is not always practicable, since there are too many 
possible inter-relationships. For instance, the effect of vehicle type on bodily injury loss costs 
would probably be analyzed only on a countrywide basis, since there are too many vehicle 
types to give credible results on a statewide basis. But suburban married women with 
children are more likely to drive SUV's, and young unmarried urban male drivers are more 
likely to drive sports cars. 

Loss Ratios 

The common solution is to use loss ratios instead of loss costs in the minimum bias 
procedure. More precisely, we use loss ratios adjusted to the base rates for the classification 
dimensions included in the minimum bias analysis. 

We use the basic illustration to develop the intuition. The first illustrations clarify the concepts. 
We then use a more involved setting to show the application of the procedure for private 
passenger automobile rating. 

Suppose the empirical experience consists of loss ratios by classification, not loss costs. We 
observe the following loss ratios for four drivers for a multiplicative model: 
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Urban Rural 

Male 75% 85% 

Female 90% 80% 

We could take either of two approaches: 

FirstApproach: We treat the unadjusted loss ratios as though they were loss costs. Instead 
of using pure premium relativities, we use loss ratio relativities. These relativities are in 
addition to whatever pure premium relativities are embedded in these loss ratios. 

In this scenario, the minimum bias procedure will indicate about equal loss ratio relativities for 
urban vs rural and slightly higher loss ratio relativities for females than for males. This does 
not mean that urban risks are similar to rural risks, or that female drivers have more accidents 
than male drivers have. If the current rate relativities are reasonable, we would expect the loss 
ratios in all cells to be about equal. In this scenario, the current male to female rate relativity 
might be 2.4 to 1. Since the average female loss ratio of 85% is higher than the average male 
loss ratio of 80%, the loss ratio relativities would indicate that we should slightly reduce the 
male to female rate relativity. 

Second Approach: We convert the raw loss ratios to base class loss ratios. Suppose the 
current rate relativities are 2.4 to 1 for male to female and 1.8 to 1 for urban to rural. We must 
divide the male premiums by 2.4 and the urban premiums by 1.8. This is equivalent to 
multiplying the male loss ratios by 2.4 and the urban loss ratios by 1.8. In sum, we multiply the 
raw loss ratios by the current classification relativities, as shown in the table below. 

Urban Rural 

Male 75% x 2.4 x 1.8 = 324% 85% x 2.4 x 1.0 = 204% 

Female 90% x 1.0 x 1.8 = 162% 80% x 1.0 x 1.0 = 80.0% 

We apply the minimum bias procedure to the adjusted loss ratios. The resulting loss ratio 
relativities would be the same as the indicated rate relativities. 

To see this, suppose that the base rate is $100. We determine the observed loss costs in 
each cell: 

• For the male/urban cell, the premium is $100 x 2.4 x 1.8 = $432. The observed loss ratio 
is 75%, so the loss cost is 75% x $432 = $324. 

• For the male/rural cell, the premium is $100 x 2.4 x 1.0 = $240. The observed loss ratio 
is 85%, so the loss cost is 85% x $240 = $204. 
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• For the female/urban cell, the premium is $100 x 1.0 x 1.8 = $180. The observed loss 
ratio is 90%, so the loss cost is 90% x $180 = $162. 

• For the female/rural cell, the premium is $100 x 1.0 x 1.0 = $100. The observed loss ratio 
is 80%, so the loss cost is 80% x $100 = $80. 

As we mentioned above, the common practice is to set the rate relativity to unity for the base 
class in each classification dimension. To facilitate this procedure, we divide each adjusted 
loss ratio in the matrix by the adjusted loss ratio for the base class. The resulting loss ratios 
in this illustration are shown below. 

Urban Rural 

Male 324% / 80% = 405.0% 204% / 80% = 255.0% 

Female 162% / 80% = 202.5% 80.0% / 80% = 100.0% 

LOSS RATIO INTUITION 

We have shown how to convert loss ratios to reflect the loss costs in each cell. This might be 
useful if the observed data were loss ratios and we wanted to use loss costs for the minimum 
bias procedure. But the observed data are loss costs, not loss ratios. We must first convert 
the observed loss costs to loss ratios before converting back to loss costs. 

The purpose of this conversion from loss costs to loss ratios and then back to loss costs is to 
eliminate the potentially distorting effects of classification dimensions that are not being 
analyzed in the minimum bias procedure. 

We explain by illustration. We have average observed bodily injury loss costs for four groups 
of drivers, with 1000 drivers in each cell. 

Urban Rural 

Male $800 $500 

Female $400 $200 

There are other dimensions in the classification system. 

Type of Vehicle: For bodily injury, cars are subdivided into various groups. SUV's (sports 
utility vehicles) and similar vehicles, such as light trucks, are larger and sturdier. They provide 
better protection for their occupants, but they cause greater damage to others, Sedans and 
small cars cause less damage toothers. Sedans and small cars are more common in urban 
areas; SUV's and light trucks are more common in rural areas. 
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The distribution of vehicles types between urban and rural areas, a long with the appropr iate 
surcharge or discount for each type of vehicle, affects the observed loss costs. The pricing 
actuary may not have this distribution for the state under review. This is not necessary; the use 
of loss ratios instead of loss costs corrects for the effects on vehicle type. 

It is hard to fol low abstract intuition. To keep the mathematics clear, we assume that there are 
only two types of veh i c l es -  SUV's and s e d a n s -  and that SUV's receive a +20% surcharge 
for bodi ly injury coverage. In this state, SUV's comprise 40% of the rural vehicles and 10% 
of the urban vehicles. 

Age of Driver: The male/ female rate relativity applies to all male and female drivers. 
Unmarr ied male drivers under the age of 21 receive addit ional surcharges, ranging from 
+25% for 20 year  old drivers to +125% for 16 year  old drivers. There is no corresponding 
surcharge for unmarr ied female drivers under the age of 21.2o These surcharges are 
determined from a countrywide analysis. 

The pricing actuary performing the minimum bias analysis does not have a distribution of male 
drivers by age and marital status. This is not necessary; the loss ratios are sufficient. To 
clarify the mathematics,  however, we assume that 10% of male drivers are unmarried and 
under the age of 21. The average surcharge for these drivers is +50%. 

DOUBLE COUNTING AND OFFSETTING 

If we  do not take vehicle type and driver age into account, we will overcharge male drivers and 
rural drivers. 

Male Drivers: The male/ female relativity is determined from the statewide analysis. The 
surcharges for young unmarr ied male drivers is determined from a separate countrywide 
analysis. The poor drMng experience of young unmarried male drivers is counted twice: once 
a t the countrywide level for the surcharges and once at the statewide level for the male/female 

2o For many years, it was unclear why young males are such hazardous drivers. Maturity or temperament 
were often given as vague explanations. For life insurance, the higher mortality rates of males is assumed to 
be physiological, but there seemed to be no similar relationship between male drivers and auto accidents. 

Advances in biological science have removed much of the puzzle. Young males have high levels of 
testosterone, which often leads to aggressive, risk-taking behavior. Much of the adventurous and often 
dangerous activities of young males, which previous generations ascribed to social acculturation, may have the 
same biological roots as facial hair and deep voices. Auto insurance rating by testosterone level may be far 
too intrusive; rating by age, sex, and marital status is a more acceptable proxy. 

Lest readers misunderstand our comments, we note that young female drivers have higher loss costs than adult 
female drivers, but the differences are much smaller than they are for male drivers. Driving experience, maturity, 
and temperament have an effect, though they account for a relatively small portion of young unmarried male 
driver loss costs. 
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relativity. To accurately determine the male/female relativiUes, we must remove the hazardous 
effects of being young and unmarried from the male driver classification. 

Rural Drivers: Rural drivers are lesshazardous than urban drivers, but they drive more 
dangerous vehicles. The vehicle surcharge is determined in the countrywide analysis. To 
properly determine the urban/rural relativities, we must remove the effects of vehicle type from 
the statewide experience. 

Removing these effects is not easy. It might seem reasonable to include additional 
dimensions in the statawide minimum bias analysis. We could include vehicle type as a third 
rating dimension and avoid its potential distorting effects on the minimum bias procedure. 

For two reasons, this is not a practical or a reasonable solution. 

A. Credibility: The experience for certain types of vehicles may be sparse in the statewide 
data. Rate relativities determined from sparse data may reflect random loss fluctuations. 

B. Consistency: The relativity for a given vehicle type should be the same in all states. If 
separate statewide analyses are done, the relaUvities by type of vehicle will vary by state. 

The countrywide analysis gives more credible relativities that are consistent from state to 
state. 

To remove the effects of vehicle type and age of driver from the statewide analysis, we 
assume that the countrywide relativities are accurate. We examine each risk in the minimum 
bias procedure. We divide the actual loss costs by the type of vehicle relativity and by the 
driver age relativity. This gives the loss costs that we would have expected to see were the 
vehicle evenly distributed over all other rating dimensions. 

Illustration: Suppose a four door sedan is the base vehicle type and age 21 + is the base age. 
A two door compact has a bodily injury discount of 10% and an unmarried 20 year old male 
driver has a surcharge of 25%. 

Suppose the observed loss costs for a 20 year old unmarried male driver of a two door 
compact car are $450. The loss costs adjusted for age and vehicle type equal 

$4501(0.90 x 1.25) = $40o. 

It is not practicable to make these adjustments car by car. There may be several classification 
dimensions that might distort the statewide analysis. 

Using loss ratios adjusts for all classification dimensions simultaneously. Using observed loss 
ratios instead of observed loss costs adjusts for driver age, driver sex, territory, vehicle types, 
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and all o ther  rating dimensions. We add back in the current rating relativities for classification 
d imensions that we are analyzing, or  male/ female and urban/rural in this illustration. 

We show the effects for this illustration. The calculations below are heuristic. We need not 
perform them for the minimum bias analysis. They reveal the intuition underlying the use of 
loss ratios instead of loss costs. 

Illustration: The average observed loss costs for the 1000 drivers in each of four classes are 
d isplayed above.  The current relativities are 2.4 to 1 for male to female and 1.8 to 1 for urban 
to rural. The average SUV to sedan relativity is 1.2 to 1. SUV's comprise 40% of rural cars 
and 10% of urban cars. Unmarried males under the age of 21 comprise 10% of male drivers, 
and their  average surcharge is +50%. We convert  the observed loss costs to adjusted loss 
costs for the minimum bias analysis. 

Let us suppose that the pure premium for a female driving a sedan in a rural territory is $200. 
The choice of the base rate does not affect the results, since the same multiplicative factor 
affects all four cells. We work out the premium in each cell. 

• Rural/ female: We adjust for vehicle type with a multiplicative factor of 1 + 20% x 40% = 
1.08. The average pure premium is $200 x 1.08 = $216.00. 

• Urban/female:  We adjust for vehicle type with a multiplicative factor of 1 + 20% x 10% = 
1,02. The average pure premium is $400 x 1.02 = $408.00, 

Rural/male: We adjust for vehicle type with a multiplicative factor of 1 + 20% x 40% = 1.08 
and for driver age with a multipl icative factor of 1 + 10% x 50% = 1.05. The average pure 
premium is $500 x 1.08 x 1.05 = $567.00. 

Urban/male: We adjust for vehicle type with a multiplicative factor of 1 + 2 0 %  x 1 0 %  = 1 .02 
and for driver age with a multiplicative factor of 1 + 10% x 50% = 1.05. The average pure 
premium is $800 x 1.02 x 1.05 = $856.80. 

We divide the average loss costs in each cell by the average pure premium in that cell to get 
the observed net loss ratios in the cel l? 1 

21 These loss ratios are net of expenses; they are losses divided by pure premiums. (These net loss 
ratios are sometimes called "experience ratios.") In practice, we have gross premiums, not pure premiums, 
so we use traditional loss ratios, not net loss ratios. The traditional loss ratios are slightly distorted by expense 
flattening procedures. Loss costs show pure premium relativities, whereas traditional loss ratios show rate 
relativities. In many cases, the distortion is not material. When the potential distortion is material, offsetting 
adjustments must be made. These adjustments depend on the expense flattening procedure; a full explanation 
would take us too far afield. On rate relativities versus pure premium ralativities, see Feldblum [1996: PAP]. 
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Urban Rural 

Male $800 / $856.80 = 93.37% $500 / $567.00 = 88.18% 

Female $400 / $408.00 = 98.04% $200 / $216.00 = 92.59% 

We have removed the effects of all classification dimensions from the observed loss costs. 
We multiply by the current pure premium relativities for male/female and urban/rural to restore 
these effects to the observed data. 

Urban Rural 

Male 93.37% x 2.4 x 1.8 = 403.36% 88.18% x 2.4 x 1.0 = 211.64% 

Female 98.04% x 1.0 x 1.8 = 176.47% 92.59% x 1.0 x 1.0 = 92.59% 

The necessary adjustments are now done. If we want the base class in each dimension to 
have a relativity of unity, we divide by the base class adjusted loss ratio to get relative loss 
ratios, as shown below. 

Urban Rural 

Male 403.36% / 92.59% = 435.63% 211.64% / 92.59% = 228.57% 

Female 176.47% / 92.59% = 190.59% 92.59% / 92.59% = 100.00% 
i 

If we wish, we can convert the relative loss ratios to adjusted loss costs by multiplying the cells 
by the base rate. 

Urban Rural 

Male 435.63% x $200 = $871.26 228.57% x $200 = $457.14 

Female 190.59% x $200 = $381.18 100.00% x $200 = $200 
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LOSS RATIO APPROACH 

A classification system with two classes in each of two dimensions shows the observed data 
in the four matrices below. 

• The relaUvities matrix shows the current pure premium relativities for male to female 
and urban to rural. 

• The loss costs matrix shows the average loss costs per driver. 
• The exposures matrix shows the number of cars in each cell. The company writes 

predominantly rural business. 
• The premium matrix shows the premium collected in each cell. 

The base pure premium is$66.67 for rural females. 

Re/ativities Urban Rural 

Male 4 2 

Female 2 1 

Loss Costs Urban Rural 

Male 180 120 

Female 100 / 40 

Exposures Urban Rural J 
I 

Male 100 1000 

Female 1 O0 1000 

! 
Earned Premium Urban Rural I 

I 
Male 25000 125000 I 

I 
Female 13333 66667 1 

We use the loss ratio approach to adjust the observed loss costs for the effects of other rating 
factors, and we calculate the first iteration for the minimum bias analysis, using the balance 
principle and a multiplicative model. We start with initial relativities of 1.5 for urban and 0.75 
for rural. 
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Intuition 

The use of loss ratios instead of pure premiums adjusts for potential distortions resulting from 
an uneven mix of business by classification. Let us review the rationale for the adjustments. 
We explain why we don't just use the given loss costs for the minimum bias procedure. 

The loss cost approach (or the pure premium approach) implicitly assumes that the 
distribution of all other classification dimensions is homogeneous across class and driving 
record. When the distribution is not even, the loss ratio approach corrects the problem, as 
long as relativities for the unanalyzed classification dimensions are accurate. 

We reason through the exercise. The matrix of relativities shows that the relativity for male 
drivers is twice the relativity for female drivers The loss costs per car in the first column of the 
loss costs matrix for male drivers are t .8 times those for female drivers. 

If we had only the matrix of observed loss costs, we would presume that the relativities should 
be adjusted. The male to female relativity should be 1.8 to 1, not 2 to 1. 

The exposures and premium matrices show the error in this reasoning. Two cells in the first 
column (urban) have the same number of exposures: 100 for each cell. If there were an even 
distribution along other classification dimensions, then the premium for urban males would be 
twice the premium for urban females. The actual premiums are 25,000 and 13,333, for a ratio 
of 1.875 to 1. 

To aid the intuition, let us assume that the only other classification dimension is vehicle type. 
We expect premium in the ratio of 2 to 1 for urban males compared to urban females. We 
actually have premium in the ratio of 1.875 to 1. That means that more females than males 
are driving high rated vehicles. If we evened out the distribution among territories, then the 
ratio of average loss costs between these males and females would increase from 1.8 to 
something greater. 

Let us consider how much greater. Our first impulse is to say that the observed loss costs 
should be 2 to 1, not t .8 to 1, since the pure premium relativities are 2 to 1, not 1.8 to 1. This 
is not correct, for two reasons. 

• The pure premium relativities are the current relativities, not the indicated relativities. We 
do not know if these relativities are correct. Perhaps they were correct several years ago, 
but they are no ionger correct now. Perhaps theywere never exact, but they were chosen 
as round numbers. 

• Even if the relativities are correct, random loss fluctuations may distort the observed loss 
costs. From these data alone, we can not determine if the relativities are correct and the 
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observed loss costs are distorted by random loss fluctuations or the observed loss costs 
are correct and the current relativities are not accurate. 

We must adjust the observed loss costs from the experience data, not from our current 
relativities. The adjustment factor is based on the relativities, the exposures, and the premium. 
If the 100 urban males drove the same vehicles as the 100 urban females, their expected loss 
costs would increase by 2.000/1.875. The observed loss cost relativity would be 1.800 x 
(2.000 + 1.875) = 1.920. 

To clarify the intuition, let us revise the figures in the problem. Suppose that we change the 
premium for urban females to $25,000. Urban males and urban females both have premiums 
of $25,000, both have exposures of 100, yet males have a relativity twice that of females. 

Let us further suppose that all urban males drive sedans and all urban females drive SUV's. 
There are no other classification dimensions besides sex of driver, territory, and vehicle type. 

If sedans and SUV's had the same rates, the premium for urban males would be twice the 
premium for urban females. Since the urban males and the urban females have the same 
premium, we infer that the premium rate for SUV's is twice the premium rate for sedans. 

If we assume that the rates for vehicle type are indicative of expected loss costs, part of the 
observed loss cost relativity between urban males and urban females stems from the different 
types of cars that these two groups drive. If all the urban females exchanged their SUV's for 
sedans, their observed loss costs should drop in half. The observed loss cost relativity 
between urban males and urban females would be 3.6, not 1.8. 

Similarly, if all the urban males exchanged their sedans for SUV's, their observed loss costs 
should double. The observed loss cost relativity between urban males and urban females 
would be 3.6, not 1.8. This is what we mean when we say: '~/Vhat would be the observed loss 
cost relativity if the effects of other classification dimensions were eliminated?" 

We restate this as follows. The premium for urban females ($13,333) is higher than expected 
($12,500) compared to the premium for urban males based on the number of exposures and 
the male/female relativity. This implies that the urban females are driving more hazardous 
vehicles than the urban males are driving. More generally, this implies that the group of urban 
female drivers have other characteristics that are raising their premiums and loss costs 
relative to those of the urban male drivers. 

The current male to female relativity is 2.00. In the formula 

1.80 × (2.00 + 1.875) = 1.92 
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the rate relativity for the classification dimension which we are reviewing appears in the 
numerator. The denominator is the rate relativity of the two groups (urban males and urban 
females), based on the premium ratio divided by the exposures ratio. 

Let us revise the figures again to clarify the intuition for the denominator. Suppose that the 
male to female rate relativity were 1 to 1, the exposures in the two cells were equal, but the 
premiums were $25,000 and $13,333. Suppose also that the only other classification 
dimension is vehicle type, and that all the urban males drive sedans and all the urban females 
drive SUV's. 

If sedans and SUV's had the same premium rate, then the premiums for urban males and for 
urban females would be the same. Since the premium for urban males is 1.875 x the 
premium for urban females, we infer that the premium rate for sedans is 1.875 x the premium 
rate for SUV's. 

Part of the observed loss cost difference between urban males and urban females stems from 
the different vehicle types. If all the urban females drove sedans, their premiums and their 
expected losses would increase by a factor of 1.875. The ratio of observed loss costs for 
urban males compared with urban females would be reduced by a factor of 1.875. 

The general procedure is straightforward. We remove the effect of all  classification 
dimensions from the array of observed loss costs by converting it into an array of loss ratios. 
In our intuitive reasoning, this is accomplished by dividing by 1.875, since 

loss ratios = average loss costs x exposures / premiums, or 
loss ratios = average loss costs/(premiums/exposures) 

The average effect of all rate relativities in a cell is proportional to the premium in that cell 
divided by the exposures in that cell. This is equivalent to saying that the premium for any car 
is the base rate times the product of the rate relativities for each classification dimension. To 
remove the effects of all dimensions from the array of loss costs, we divide by the ratio of 
premiums to exposures; that is, we multiply by the ratio of exposures to premium. 

We restore the effects of the classification dimensions which we are reviewing. In our intuitive 
reasoning, this is accomplished by multiplying by the male to female relativity of 2.000. 

Each cell contains loss costs x exposures + premiums. These are the loss ratios in the cells. 
We now multiply by the array of rate relativities for the classification dimensions that we are 
analyzing. This restores the effect of these classification dimensions. 

This leaves us with the loss costs relativities that would be observed were there complete 
homogeneity in the distribution of exposures of the other classification dimensions. 
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An additional simplification is to form relative loss ratios to the base class and then multiply 
by the base rate. This additional step is not essential. In a multiplicative system, multiplying 
all figures by a constant does not affect the final rate relatMties. 

Let us keep an eye on this relationship. We want to revise the matrix so that the loss cost 
relationship is not 1.80 to 1 but 1.80 x 2.00 - 1.875 = 1.92 to 1. The same is true for all other 
relationships in the matrix of loss costs. Since we have many relationships, we use a 
systematic method for adjusting them. We use the following sequence of computations. 

Form loss ratios: We form loss ratios, using the (i) loss costs per exposure, (ii) the exposures 
in each cell, and (iii) the earned premium in each cell, as 

loss ratio = loss costs per exposure x exposure + premium. 

This gives us a matrix of loss ratios, as shown below: 

i 
Absolute Loss Ratios: Urban Rural [ 

i 
Male 0.72 0.96 

Female 0.75 0.6 

We want to form a matrix of adjusted loss costs. These are the expected loss costs were 
there no other classification dimensions affecting the experience. We multiply by the base 
rate of the base class, which is the class of rural females. 

It is easiest to do this with relative loss ratios (not absolute loss ratios), with the relativity for 
the base class being 1.000. We divide the matrix of loss ratios by the base class loss ratio 
of 60% to get the matrix of relative loss ratios. 

I 
Relative Loss Ratios: Urban Rural I 

I 
Male 1.2 1.6 I 

Female 1.25 

We want the expected loss costs in each cell. We multiply the relative loss ratios by the 
classification differentials for each cell to get the relative loss costs by cell. These are relative 
loss costs by cell, not absolute loss costs by cell. 

We are given the current differentials in the relativities matrix. 

638 



Current FemaleRelativitieS:Male Urban24 Rur!  I 

We multiply the relative loss ratios by the current class relativities to get the relativities implied 
by the observed data. These relativities are like the observed loss costs in the earlier 
illustrations in this Practitioner's Guide. 

I Female 2.5 

Let us check our work. 4.80- 2.50 = 1.92, which equals 1.80 X 2.00 - 1.875. We have now 
adjusted the figures so that we can perform the minimum bias calculation. 

We can proceed in either of two fashions. 

(i) We can multiply by the pure premium for the base class and proceed with the pure 
premium approach to the minimum bias procedure. 

(ii) We can do the minimum bias analysis, and then multiply by the base class pure premium. 

The two methods are mathematically equivalent. We use the latter method here. 

We set up the matrices of observations and of indicated relativities, as shown below. 

Observed Relativities Indicated Relativities 
Urban (tl) Rural (t2) Urban (t~) Rural (t2) 

s~ 4.8 3.2 sl s~ x tl sl x t2 

$2 2.5 1 s2 s2 x tl s2 x t2 

The initial values of urban (h) and of rural (t2) are 1.5 and 0.75. We balance along the rows, 
and we multiply each cell by the corresponding number of exposures: 

100 x 4.80 + 1,000 x 3.20 = 100 x st x 1.5 + 1,000 x s I x 0.75, 
or sl = 3680 / 900 = 4.089. 
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100 x 2.50 + 1,000 x 1.00 = 100 x s2 x 1.5 + 1,000 x s2 x 0.75, 
or s2 = 1250 / 900 = 1.389. 

We use these relativities for male and female (s~ and s2), and we discard the starting values 
for urban/rural (t~ and t2). We balance along the columns. 

100 x 4.80 + 100 x 2.50 = 100 x tl x 4.089 + 100 x tl x 1.389, 
or tl = 730 / 547.8 = 1.333. 

1000 x 3.20 + 1000 x 1.00 = 1000 x t2 x 4.089 + 1000 x t2 x 1.389, 
or t2 = 4200 / 5478 = 0.767. 

These are the pure premium relativiUes after one iteration. If expenses are proportional to 
premiums, they are also the rate relativities, z2 To convert to actual rates, we multiply by the 
base rate of $66.67. 

New Rates Urban Rural 

Male $363.39 $209.09 

Female $123.44 $71.03 

zz If all expenses are proportional to the gross premium, as is true for state premium taxes, the expenses 
are also proportional to the pure premium, and the pure premium relativities equal the rate relativities. 
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LOSS RATIO INTUITION 

The loss ratio method is commonly used by practicing actuaries. The mathematics is not 
complex, but the intuition sometimes seems elusive We show another illustration, where we 
focus on the intuition, not the arithmetic. 

The previous illustration showed the loss costs and exposures in each cell. We needed only 
the incurred losses and earned premiums by cell to determine the loss ratios. We used the 
loss costs by cell only to show the intuition of the method. In practice, the practicing actuary 
may have only incurred losses and earned premiums by cell, but not exposure counts by cell. 
For the exposition in this section, we speak of loss ratios and rate relativities, not loss costs. 

We are using loss ratios for their theoretical benefits, though the practical benefits may be 
equally great. Accurate exposure counts by cell are not always available to the pricing actuary. 
When we lack exposure counts by cell, we can not use a straight-forward loss costs method, 
even if the distribution of insureds by other rating dimensions is even. 

We focus here on transforming the data into loss cost relativities by cell. Once we have the 
loss cost relativities by cell, we can use any of the models in this Practitioner's Guide to 
determine rate relativities. We explain the intuition in steps. 

Illustration: Loss Ratio Intuition 

IncurredLosses 

Urban Rural 

Male $2,700 $2,000 

Female $1,500 $1,200 

Eamed Premium 

Urban Rural 

Male $3,000 $4,000 

Female $2,400 $1,600 

The current relativities by sex of driver and by garaging location are as follows: 
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Male: 1.50 Urban: 1.20 
Female: 1.00 Rural: 1.00 

Three Causes 

To correct for potential distortions caused by an uneven distribution of insureds by other 
classification dimensions, we use loss ratios instead of loss costs. The underlying principle 
is that if the current premiums are actuadally correct-that is, if the current rate relativities are 
actuarial proper-  the loss ratios in each cell should all be equal, except for random loss 
fluctuations. 

The reader might wonder: If all the current rate relativities were actua/~ally correct, we would 
not need to perform a rate relativities analysis. We perform the analysis because we want 
to examine whether the rate relativities are correct. What exactly are we assuming here? 

We restate this question as follows: 

• We need data with no uneven distribution of insureds by classification dimension to 
determine accurate rate relativities. 

• We must assume that the rate relativities are accurate to correct for uneven 
distributions of insureds by classification dimension. 

The logic in these two statements seem circular at first. The exposition below explains what 
we are assuming and provides the justification for the assumption. 

We assume that the rate relaUvities are correct for all classification dimensions besides those 
being examined now. We make no assumptions about the current rate relativities for the 
classification dimensions being examined. We are forming new rate relativities for the 
classification dimensions being examined now, and we ignore the current rate relativities. 

We examine this in the numerical illustration. The observed loss ratios, or the ratios of the 
incurred losses to the earned premiums in each cell, are shown in the matrix below. 

Loss Ratios 

Urban Rural 

Male 90.00% 50.00% 

Female 62.50% 75.00% 
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If all current rate relativities were actuarially proper and there were no random loss fluctuations, 
all cells would have the same loss ratio. They do not have the same loss ratios in this 
illustration. There are three possible causes. 

Cause 1: The differences may be caused by random loss fluctuations. The importance of 
random loss fluctuations is a credibility issue. The credibility of the data increases with the 
volume of data and decreases with the dispersion of the loss distribution of these data. 
Credibility issues are important, but they are distinct from the minimum bias issues. 

This Practitioner's Guide includes a short section on credibility. Most of the exposition 
assumes either that the data are fully credible or that the pricing actuary has already made (or 
will make) whatever adjustments are warranted by credibility considerations. 

Cause 2: The differences are caused by improper rate relativiUes in other classification 
dimensions and there is an uneven distribution of insureds by these other classification 
dimensions. For example, perhaps the rates for a certain type of vehicle are too low, and the 
proportion of urban males driving that type of vehicle is greater than the proportions of the 
insureds in the other cells driving that type of vehicle. 

If this is the cause of the differences, we are stymied. However, as long as the uneven 
distribution of insureds by the other classification dimension is not too serious, an inaccuracy 
in the rates will not distort our analysis too greatly. We may restate our assumption as follows: 

For other classification dimensions, either the current rate relativities are accurate or the 
distribution of the insureds that we are examining is relatively even across these other 
dimensions. 

We may rephrase this assumption to fit the illustration as follows. Either the along other 
classification dimensions, such as vehicle type, are actuarially correct, or if a certain vehicle 
types has too high or too low a classification relativity, the proportion of males and females 
driving that type of vehicle is the same. 

In many instances, this assumption is not perfect. Nevertheless, even if the use of loss ratios 
does not perfectly correct distortions caused an uneven distribution of insureds along other 
classification dimensions, it corrects the distortions at least partially. This assumption may 
not be perfect, but it makes our analysis better. 

Cause 3: The final cause of the differences in the loss ratios by cell is inaccuracies in the rate 
relativities for the two classification dimensions that we are examining: sex and territory. This 
can be corrected by the minimum bias procedure, since the loss ratios by cell times the 
current relativities by cell equal the relative loss costs by cell. 
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Illustration: Suppose the loss ratio for male drivers is 90% and the loss ratio for female 
drivers is 75%. If the current male to female rate relativity is 2 to 1, the male to female loss 
cost relativity is 2 x 90% to 1 x 75% = 2.4 to 1. 

For the illustration in this section, we form a matrix of relativities by sex and territory: 

Current Rate Relativities 

Urban Rural 

Male 1.80 1.50 

Female 1.20 1.00 

The relative loss costs by sex and territory are the product of the matrix of relativities and the 
matrix of loss ratios: 

Loss Cost Relativities 

Urban Rural 

Male 1.62 0.75 

Female 0.75 0.75 

We now proceed to determine optimal rate relaUvities by any of the minimum bias models 
discussed in this Practitioner's Guide. 
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Combined Models 

Throughout this Practitioner's Guide, we have used simple multiplicative and additive models. 
In part, this reflects insurance practice, since most lines of business use simple multiplicative 
and additive models. 

In truth, the business practice reflects ratemaking capabilities. Actuaries did not have simple 
procedures to optimize combined models, so these models did not gain wide acceptance. 

The rationale for combined models is strong. Since the least squares and X-squared bias 
functions provide simple recursive equations for many combined models, they may become 
more popular in the future, z3 

Illustration: Rating territory may have a variety of effects on insurance loss costs. 

1. High crime areas may have a greater incidence of car theft and claim fraud. Thefts would 
raise comprehensive pure premiums, and fraud would raise liability pure premiums. 

2. Areas with more sophisticated medical facilities may have higher loss costs for bodily 
injury claims. 

3. Territories with a higher incidence of attorneys per capita often experience a higher 
incidence of bodily injury claims per physical accident. 24 

The first of these three effects argues for an additive model; the last of these three effects 
argues for a multiplicative model; and the second of these three effects may have both 
additive and multiplicative components. 

Intuition alone is rarely sufficient to optimize a rating model. The minimum bias method allows 
the pricing actuary to determine the optimal rating structure from the observed loss costs. 

COMBINED MODEL 

Suppose a classification system has two dimensions: sex of driver and rating territory. Each 
classification dimension has two values: male vs female and urban vs rural. The male/female 
rating dimension has a multiplicative effect on loss costs. The rating territory dimension has 
both a multiplicative and an additive effect on loss costs. We show the structure of this rating 
model, and we explain how it can be optimized. 

23 Generalized linear models allows the optimization of even more complex rating models. We hope to 
provide a companion Practitioner's Guide on the use of generalized linear models for classification ratemaking. 

24 See Conners and Feldblum [1998] for the effects on private passenger automobile insurance. 
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For the male/female classification dimension, we use rate relativities of s~ and s2. For the 
urban/rural dimension, each class has two relativities: a multiplicative relativity denoted by tl 
and t2, and an additive relativity denoted by z~ and z2. We denote the base rate as B. 

The indicated pure premium for any class is B x (s~ x tj + zi). The subscripts ~i" and "j" denote 
the classification dimension. The indicated pure premiums are shown in the table below. 

Observed Loss Costs Indicated Pure Premiums 

Urban Rural tl, z~ t2, z2 

Male r ,  = $800 r~2 = $500 Male B x (s~ x tl + zl) B x (sl x t2 + z2) 

Female r21 = $400 rz2 = $200 Female B x (s2 x tl + z~) B x (s2 x t2 + z2) 

If we use the balance principle as the bias function, we balance along the two rows and the two 
columns. This gives four equations, of which only three are independent, since there is a 
totality constraint. We must solve for six classification relativities. 

We can not solve for the optimal solution by straight-forward iterative methods. We show the 
procedure used earlier to highlight the problems. 

Using the methods explained earlier, we choose starting values for the • relativities and the 
"z" relativities. We balance along the first row to determine the intermediate value for the s~ 
(male) relativity, and we balance along the second row to determine the intermediate value 
for the s2 (female) relativity. 

We discard the values for t~ and t2, but we retain the starting values of zl and z2. We balance 
along the first column to obtain the intermediate value for tl (urban), and we balance along the 
second column to obtain the intermediate value for t2 (rural). 

We discard the values for zl and z2, but we retain the intermediate values of tl and t2. We 
balance again along the first column to obtain the intermediate value for z~ (urban), and we 
balance along the second column to obtain the intermediate value for z2 (rural). 

We have no problem doing the calculations. We showthe general equations below, where 
r,.j is the observed loss cost for class (i,j) and n~.i is the number of exposures for class (i,j). 

We multiply both the observed loss costs and the pure premiums by the number of exposures. 
Balancing along the first row gives us 

n,j r,j = ~ n,j (s ,  , ,  tj + ~) 
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We are solving for sl, going across the row, and using all the j values. We transpose this 
equation to give 

s, = ~ n,j (r,j - ~)  - ~ n,j tj 

For the general equation, we substitute the/subscript for the =1" subscript in the s, n, and r 
variables, to give 

s, = ~ n,j (r,j - z j  -: ~ n,j tj 

We balance along the columns, using the first column as our example: 

~_.~i nil ril = T_.i nil ( s i x  t; + Zl) 

We transpose this equation to solve for either tor  for z. Solving the equation for tj yields 

= T_,, n,j (r,  - z~) + T_,~ n,j s,. 

This looks like the equation for the svariables, with one difference. When we solve for s, we 
have z~ in the formula. When we solve for s~, the formula uses all the zvalues. When we solve 
for t, we have a particular zvalue in the formula (e.g., when we solve for t2, we have z2 in the 
formula). Similarly, we can solve for the zvariables to get 

Zj = a~-ai nij (rij - sitj) 4- ~~.i nij 

The series will not necessarily converge. If the series does converge, it does not necessarily 
have a unique limit. In a multi-dimensional combined multiplicative and additive model, there 
are many more relativities than there are equations when the balance principle is used as the 
bias function. 

If we use a least squares or a x-squared bias function, the combined model is not 
conceptually different from a simple multiplicative or additive model. We form the least 
squares or x-squared expression in the same manner as did above. We set the partial 
derivative with respect to each rating variable equal to zero. We have the same number of 
equations as we have rating variables. 

Caveats 

The use of the minimum bias procedure with combined models is a powerful rating tool. But 
as the rating models grow more complex, the potential rating errors become more serious. 
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If there are a large number of exposures in each class, the optimization procedure is less likely 
to be distorted by random loss fluctuations. As the number of exposures in each cell 
decreases, the effects of random loss fluctuations become more serious. 

OUTLIERS 

The least squares and X-squared bias functions are sensitive to outliers. Outliers are 
observed values that differ substantially from the expected values because of random loss 
fluctuations. Distortions stemming from random loss fluctuations can be controlled in several 
ways. 

• Losses can be capped at basic limits or similar retentions. 
• Low volume classes can be assigned limited credibility. 
• The data in each cell can be examined for unusual values. 

The use of low retentions or low credibility conflicts with the objective of basing rates on 
observed experience as much as possible. The examination of the observed data for unusual 
values is too time consuming for the exigencies of practical work. 

Rather, the bias function should be chosen so that the results are not too sensitive to outliers. 

I l lustration: The classification system has two dimensions: male/female along one dimension 
and ten territories along the other dimension. The current driver relativities are 1.000 for 
female and 2.000 for male. The current territorial relativities are 1.000, 2.000 ..... 10.000 for 
the ten territories, labeled (01,02 . . . . .  10). The base rate is $100, and a multiplicative model 
is used. 

Scenario A: The observed loss costs are shown below, in units of 100 dollars. 

Territory: 01 02 03 04 05 06 07 08 09 10 

Male $2 $4 $6 $8 $10 $12 $14 $16 $18 $20 

Female $1 $2 $3 $4 $5 $6 $7 $8 $9 $10 

The observed loss costs exactly match the indicated pure premiums in the current rating 
system. All three bias functions discussed so far -  balance principle, least squares, and X- 
squared - would indicate retention of the current relativities. 

Scenario B: Because of a random large loss, the observed loss costs for the males in territory 
10 are $10,000 instead of $2,000. The =territory 10 / male" cell shows $100 instead of $20. 
This type of random loss fluctuation is common in classification analysis for small populations. 
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We have starting values of (1.000, 2,000 . . . . .  10.000) for the ten territories. We determine 
the intermediate value for the male relativity. 

The balance principle selects the male relativity "s~" such that 

(s ,  x t ,) + (s~ x t#  + . . .  + (s, x tlo) = r~., + r, . t  + . . . + r,,,o 
s l  x $ 5 5  = $ 1 9 0  

s~ = 3 . 4 5 5  

The least squares bias function selects the male relativity to minimize the squared error 

T_, (r~.~ - s~ x terr~) 2 

We set the partial derivative with respect to sl equal to zero: 

T. (rl.~ - sl x tern) x (-terr~) = 0 

S 1 = ~ (1"1, ' X terri) / ~ terrl 2 = 

[ ( l x 2 )  + ( 2 x 4 )  + ( 3 x 6 )  + . . .  + ( 9 x 1 8 )  + ( 1 0 x 1 0 0 ) ] / [ 1 2  + 2 ~ + 32 + . . .  9 z + 1 0  z] = 4 . 0 7 8  

Compared with the balance principle, the least squares bias function exacerbates the 
distortion caused by random loss fluctuations. In this instance, the x-squared bias function 
magnifies the distortion less than the least squares bias function does. In other instances, the 
x-squared bias function magnifies the distortion more than the least squares bias function 
does. Since combined models are more sensitive to random loss fluctuations than simple 
models are, and since the least squares or x-squared bias function must be used, the pricing 
actuary must be particularly careful to exclude outliers from the data. 
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Other Bias Functions 

Summary:We examine other bias functions, beginning with the x-squared function and the 
squared error function. We continue with our simple 2 by 2 illustration for both additive and 
multiplicaUve models using these bias functions. 

We review arguments for and against specific bias functions. We examine two goodness-of- 
fit tests- average absolute error and x-squared-and we consider the relationship between 
the bias function chosen and the goodness-of-fit test. 

We review the maximum likelihood bias function and the distributions commonly used with it. 
We discuss some of the potential advantages and drawbacks of the more sophisticated 
models compared to the balance principle. ~ 

SQUARED ERROR AND X-SQUARED 

Let us return to the simple illustration with which we began, as reproduced below. 

Urban Rural terrl terr2 

Male $800 $500 sex1 200 x sl x tl 200 x s~ x t2 

Female $400 $200 sex2 200 x s2 x t~ 200 x s2 x t2 

The left-hand side of the matrix shows the observed loss costs; the fight-hand side shows the 
indicated pure premiums. Our objective is to pick classification relativities such that the 
indicated pure premiums are =as close as possible" to the observed loss costs. 

We used the balance principle earlier to fit the classification relativities. We did not attempt 
to justify the balance principle; we provide its justification further below. 

Statisticians would normally fit the classification relativities using other methods, such as: 

1. Minimize the average absolute error between the indicated and observed figures. 

2s This Practitioner's Guide summarizes three seminal papers on the minimum bias procedure: 

• Bailey and Simon [1960] recommends the X-squared bias function, based on a credibility argument. 
• Bailey [1963] recommends the balance principle, based on a bias argument. 
• Brown [1988] investigates other bias functions, based on statistical arguments. 

This Guide highlights the implications of the various bias functions, though it leaves conclusions to the reader. 
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2. Minimize the sum of the squared errors between the indicated and observed figures (i.e., 
the least squares bias function) 

3. Minimize the sum of the relative squared errors between the indicated and observed 
figures (i.e., minimize the x-squared error). 

4. Maximize the •ike•ih••d •f •btaining the •bservati•ns given the c•assificati•n re•ativities• 

Minimizing the average absolute error makes sense to practicing actuaries. Minimizing the 
average absolute error is rarely used in statistics, perhaps because it was once thought to be 
mathemat ical ly  intractable. ~ The three other methods result in relatively simple iterative 
equat ions for the minimum bias procedure. 

We use the average absolute error as one of the goodness-of-f i t  tests. Given a set of 
classif ication ralativities, it is easy to calculate the average absolute error. It is not easy to 
determine the set of classification relativities that minimizes the average absolute error. 

Methods 2 and 3 - least squares and x-squared are similar. We first show the procedures, 
and then we discuss the intuition for each. 

Squared  Error  

The squared error for each cell is the square of the difference between the observed pure 
premium and the indicated pure premium. For urban male drivers in our basic illustration, this 
number  is ($800 - $200 x Sl x t~) 2. 

We sum the squared errors for the four cells to get (SE = sum of squared errors): 

SE = ($800 - $200 x S l x  t l) 2 
+ ($500 - $200 x s~ x t2) 2 
+ ($400 - $200 x s2 x tl) 2 
+ ($200 - $200 x s2 x t2) 2 

urban male 
rural male 
urban female 
rural female 

To minimize the sum of the squared errors, we take partial derivat ives with respect to each 
var iable and set them equal to zero. For the "male" classification relativity (%1"), we have 

0 = asE/aSl  = 2 x ($800 - $200 x s, x tl) x ( -  $200 x t l) 
+ 2 x ($500 - $200 x s, x t2) x ( -  $200 x t2) 

26 Compare Cook [1967], page 200: "Why then do we use the method of least squares? Simply because 
absolute values are alleged to be mathematically inconvenient." Cook provides an algorithm for minimizing the 
average absolute error, which is simple to compute by pencil and paper and even easier to program in a 
spreadsheet. It would be useful to compare a minimum bias procedure based on Cook's algorithm with the 
methods in this Practitioners Guide. [Chades Cook, "The Minimum Absolute Deviation Trend Line," Proceedings 
of the CAS, vo180 [1967], pages 200-204. 
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We need to consider the cells only in the male (s~) row. The other cells do not have an s~ term 
in the squared error, so the partial derivat ive with respect to sl is zero. 

Taking partial der ivat ives with respect to each of the classification relativities gives us four 
equat ions in four unknowns. The equations are not linear, so we use iteration to solve them. 

Let us choose the same starting values for the squared error bias function as we chose for the 
balance principle (namely t~ = 2 and t2 = 1): 

Urban Rural terrl = 2 terr2 = 1 

Male $800 $500 sex1 • 200 x s~ x 2 200 x s~ x 1 

Female $400 $200 sex2 200 x s2 x 2 200 x s2 x 1 

Using the squared error bias function, we solve for the male relativity (sl): 

0 = aSE/asl  = 2 x ($800 - $200 x sl x 2) x ( -  $200 x 2) 
+ 2 x ($500 - $200 x S l x  1) x ( -  $200 x 1 ) 

TO avoid deal ing with mult iples of 10, we choose a base rate of $2 and we evaluate the 
observed pure premiums in mult iples of $100. 

0 = a S E / a s l  = 2 x ( $ 8 - $ 2 x s l x 2 )  x ( - $ 2 x 2 )  
+ 2 x ( $ 5 - $ 2  x sl x 1) x ( -  $2 x 1) 

- 6 4  + 32s i  - 2 0  + 8s l  = 0 

40s i  = 84  

s~ = 2 . 1  

Similady, we solve for the female relativity (s2): 

0 = aSF_Jas2 = 2 x ($400 - $200 x s2 x 2) x ( -  $200 x 2) 
+ 2 x ($200 - $200 x s2 x 1 ) x ( -  $200 x 1 ) 

Simpli fying as before, we get 

0 = aSE/ds2 = 2 x ($4 - $2 x s2 x 2) x ( -  $2 x 2) 
+ 2 x ( $ 2 - $ 2  x s2 x 1) x ( - $ 2  x 1) 

- 3 2  + 32s2 - 8 + 8s2 = 0 

- -40 + 4 0 s e  = O 

$2=1 
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We now discard the starting values of tl = 2 and t2 = 1. Using the intermediate values of sl = 
2.1 and s2 = 1, we set the partial derivatives of the sum of the squared errors with respect to 
tl and t2 equal to zero and we solve for new values of tl and t2. We continue in this fashion until 
the series converges. 

Squared Error Intuition 

The properties of squared error minimization in the minimum bias procedure are unlike the 
properties of squared error minimization in other statistical problems, as explained below. 
We note first that the bias function makes a difference, even in this simple illustration. 

A. The balance principle bias function gives Sl = 13/6 = 2.167 and s2 = 1. 
B. The squared error bias function gives sl = 2.100 and s2 = 1. 

The balance principle looks at the errors; the squared error bias function looks at the square 
of the errors. The x-squared bias function looks at the square of the errors relative to the 
expected value. The squared error and x-squared bias functions place more weight on 
outlying cells, where the squares of the errors are large. The balance principle and the 
squared error bias function place more weight on the cells with large dollar values. The X- 
squared bias function weights all cells more evenly. 

Illustration: A classification system with two dimensions has male vs female in one dimension 
and territories 1,2, and 3 in the other dimension. The starting relativities are 1.00, 2.00, and 
3.00 for territories 1,2, and 3. The observed loss costs for the three territories in the male row 
are $2, $4, and $12, with equal exposures in each cell. 

territory 1 (1.00) territory 2 (2.00) territory 3 (3.00) 

male $2.00 $4.00 $12.00 

female - -  - -  - -  

We want to determine the indicated relativity for males. Our concern here is not to solve this 
problem but to understand the effects of the different bias functions. We examine the effects 
of different choices for the male relativity. 

• If the male relativity is 2.00, the indicated pure premiums are $2, $4, and $6. The first 
two cells have a perfect fit, and the third cell is too low by $6. 

• If the male relativity is 4.00, the indicated pure premiums are $4, $8, and $12. The first 
two cells are too high by a total of $6, and the third cell has a perfect fit. 
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The balance principle considers the first power of the errors. To achieve balance, we choose 
a male relativity of 3.00. The indicated pure premiums are $3, $6, and $9. The first two cells 
are too high by a total of $3, and the third cell is too low by $3. 

The squared error bias function is more concerned with large errors than with small errors. 
We are more concerned with the error for territory 3, which is relatively large, than with the 
errors for territories 1 or 2, which are relatively small. To minimize the sum of squared errors, 
we increase the male relativity slightly, thereby reducing the error in territory 3 and increasing 
the errors in territories 1 and 2. 

To solve this problem using the squared error bias function, we minimize the following 
expression: 

(2- xf + (4 - 2xy  + ( 1 2 - 3 x )  2. 

Taking the partial derivative with respect to "x" and setting it equal to zero gives 

2(2 -x ) ( -  1) + 2(4-2x)(-2)  + 2(12-3x)( -3)  = 0 

4 +  16+ 7 2 = 2 x  + 8 x  + 18x 
92 = 28x 

x = 9 2 / 2 8 = 3 . 2 8 6  
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SQUARED ERROR MINIMIZATION 

Upon reflection, the illustration above seems odd to some statisticians. We are choosing a 
value to minimize the squared error among a series of observations. An elementary statistical 
theorem, which we review below, is that the average minimizes the sum of the squared errors. 
This seems inconsistent with the comments above. 

Were we dealing with a single classification dimension, squared error minimization indeed 
produces the arithmetic average. The following illustration explains this statement. 

Illustration: We are measuring a patient's fever with an old thermometer that is in poor 
working order. The thermometer is unbiased, but it is very inaccurate, and the observed 
readings are highly distorted by sampling error. We perform nine trials, and we observe 
readings of (100.1,100.2 . . . . .  100.9). The readings were not in this order, so there is no 
observed trend; we have simply arranged them in ascending numerical order. Using the least 
squared error function, we wish to determine the best estimate of the patient's temperature. 

We rephrase the illustration mathematically. We have observed values of zl, zz . . . . .  z~, and 
we must choose a single value for the z's - call it z* - to minimize the squared error. 

The sum of the squared errors is ~' (z= - z*) 2. The partial derivative of this sum with respect 
to z* is ~ 2(zi - z*)(-1 ). Setting this equal to zero gives z* = T.~ - n. The indicated z* is the 
average of the ~'s. 

In the temperature measurement illustration, the average of the nine observations is 100.5. 
This is the solution using the squared error bias function. 

If we had chosen instead some other value, such as 100.3, we could correct this estimate by 
the average of the errors. The error in each observation is the observation minus 100.3. This 
is the series (-0.02, -0.01,0, +0.01 . . . . .  +0.06). The average is +0.02. The corrected 
estimate is 100.3 + 0.02 = 100.5. 

Multi-Dimensional Systems 

This is not true for multi-dimensional systems. In a multiplicative model with two dimensions, 
the z~'s are the observed values. The z* is the indicated relativity for one of the two 
dimensions. The other dimension has relativities of Yl, Y2 . . . . .  Y,. 

The sum of the squared errors is T_, (~ - Y~ x z*) 2. The partial derivative of this sum with 
respect to z* is T. 2(z~ - y~ x z*)(-y~). 
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Setting this equal to zero gives z* = T_,z~ + T_, y2. 

The indicated z* is no longer the average of the z~'s. Rather, this result is the solution to the 
minimum bias procedure using the squared error bias function, as we show next. 

BALANCE PRINCIPLE OPTIMIZATION 

Let us contrast squared error minimization with the balance principle. When we deal with a 
single classification dimension, squared error minimization produces the arithmetic average. 
The balance principle selects the multi-dimensional equivalent to the mean. 

The balance principle provides the economically optimal solution to the minimum bias 
problem. This is the economic corollary to Bailey's 1963 statement that the balance principle 
provides the only unbiased solution; see below. 2z 

GENERAL SOLUTION 

Throughout this study note, we solve the elementary 2 by 2 illustration before deriving the 
general formulas. The general formulas require readers to keep too many subscripts in mind. 
Although this is not difficult once one is accustomed to the minimum bias procedure, it 
hampers the initial grasp of the intuition. 

Let us consider now a more general two dimensional classification system. 

• We still assume one exposure per cell or the same number of exposures per cell. We deal 
with varying exposures per cell when we deal with credibility. 

• The extension to more than two dimensions is straight-forward, though the additional 
subscripts obscure the intuition. 

Suppose we have two dimensions, age of driver and territory, with "n" age classes and "m" 
th th territories. The observed loss cost in the i age class and the j territory is rij. The indicated 

pure premium in the i th age class and the jth territory is ~ x Yi. This is the standard notation for 
the minimum bias computations. 

The squared error in any cell is (r U - x~ x yj)2. The sum of the squared errors is 

27 By economically optimal, we mean the bias function that maximizes the expected income of the firm 
in most scenarios. Clearly, there are exceptional scenarios when a different bias function may be better. In 
a jurisdiction that places restrictions on risk classification, the bias function may have to be changed to 
accommodate these restrictions. If the ratemaking data contain data errors, these errors should be corrected 
before the bias function is applied. If the insurer seeks to expand in certain classifications for competitive or 
marketing reasons, the minimum bias procedure may not accommodate the insurer's strategy. In most 
scenarios, however, the balance principle serves the economic .interests of the firm. 
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~ (rj - x, yj )2 
i=l j=l 

We take partial derivatives with respect to each variable and set them equal to zero. We have 
a total of (n+m) variables, and we have a total of (n+m) equations. The constraints for least 
squares minimization are the same as the constraints for the balance principle. There is one 
totality constraint, since taking the sum of the squared errors along the rows is the same as 
taking the sum of the squared errors along the columns. This means that we have only 
(n+m-1) equations, since the (n+m) equations are not independent. In addition, we can 
multiply all the relativities along any dimension by a constant and divide the base rate by the 
same constant. 

The (n+m) equations are not linear, so we must search for a solution by numerical methods. 
We choose starting values for one dimension - say, the yj's. To solve for the value of xl, we 
take the partial derivative with respect to xl and set it equal to zero: 

2 ( r j j  - x, y j ) ( - y j )  = 0 
J=l 

This gives us 

x, = T_, (rlj x y) + E yj2. 

The xl is a variable. The summation signs in the last two equations above are over the j 
subscript. The yvalues are fixed; they are not variables once we have assigned starting 
values to the yvalues. 

We repeat this procedure to solve for x2, xa . . . . .  Xn. Having solved for all the xvalues, we 
discard the starting y values and solve for new values of the y variables using the same 
procedure as for the x variables. 

ADDITIVE MODEL 

We can use an additive model with the least squares bias function. We show first the results 
for the elementary 2 by 2 illustration. 

We repeat the observed loss costs and the indicated pure premiums for the additive model 
in the 2 by 2 illustration. 
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Urban Rural terr~ terr2 

Male $800 $500 sex1 200 + sl + tl 200 + sl + t2 

Female $400 $200 sex2 200 + s2 + t~ 200 + s2 + t2 

As mentioned earlier, there are three mathematically equivalent ways of defining the additive 
model; the solution method is the same for each of them. The rate in cell x~yj is 

A. Base rate + x= + yj, 
B. Base rate x (1 + u= + vj), or 
C. Base rate x (p~ + qj) 

We use the first of these three equations for the intuition here, though we would use one of the 
other two methods in practice, thereby avoiding the need to adjust the relativities for inflation 
each year. A multiplicative relationship between the base rate and the relativities does not 
make the model multiplicative. Since the relationship among the factors is additive, the model 
is additive. A combined multiplicative and additive model has relationships among the 
relativities that are both multiplicative and additive; see below. 

For the male urban cell, the squared error is ($800-  $200 -  sl - tl)2. The sum of the squared 
errors for all four cells is 

($800 - $200 - sl - h) 2 
+ ($500 - $200 - Sl - t2) 2 
+ ($400 - $200 - s2 - h) 2 
+ ($200 - $200 - s2 - t2) 2 

We take partial derivatives with respect to each variable and set them equal to zero. The 
partial derivative with respect to sl is 

2 ( $ 8 0 0  - $ 2 0 0  - s ,  - t , ) ( - 1 )  + 2 ( $ 5 0 0  - $ 2 0 0  - s ,  - t e ) ( - 1 )  = O. 

or  

s l  = ( $ 9 0 0 -  t l  - t ~  + 2 .  

For the additive model with the least squares bias function, the simultaneous equations are 
linear, and we can solve them directly. Nevertheless, it is easier to program the solution using 
numerical methods. 

If we choose starting values of t~ = $250 and t2 = $0, we get sa = $325. 
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GENERAL FORMULA 

For the general formula, we let B = the base rate. The sum of the squared errors is 

~ ( r ~ j - B - x , - y j )  2 
i=1 j=l 

We take the partial derivative with respect to xl and set it equal to zero: 

2(r~, - B - X l - -  y j ) ( - 1 )  = 0 
j=l 

or  

Xl = ~'.(rlj - Yl j ) /m - B 

where the summation is over the j subscript. 

THE BIAS FUNCTION 

The optimal relativities depend on the choice of the bias function. The choice of bias function 
can be viewed from three perspectives. 

1. Mathematical tractability 
2. Social equity 
3. Economic optimization 

Mathematica/ tractability is of most concem when some bias functions give simple 
relationships and some bias functions give equations that defy simple solutions. For the 
minimum bias procedure, we get relatively simple equations for the bias functions discussed 
in this paper. We do not get simple equations if we use the average absolute error as the 
bias function, so we do not consider that method. ~ 

Socialequityis subjective, though it is vital to the success of a highly regulated industry like 
insurance. The balance principle sometimes results in large errors for outlying cells. The 
errors are particularly large in absolute value for high rated cells. If a multiplicative model is 

28 With modem spreadsheets, the average absolute error no longer poses tractability issues. Just like 
the solution for the balance principle is the mean, the solution for the average absolute error is the median. It 
is not uncommon for actuaries to use the median instead of the mean in practical problems. 
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used when an additive model is more appropriate, the errors for outlying cells are frequently 
overcharges. The squared error bias function reduces these large errors. ~ 

Of the bias functions which we consider in this paper, the squared error bias function is the 
best at reducing large overcharges for individual cells. Analysts who are concerned with large 
overcharges might prefer the squared error bias function. Ferreira's critique of insurance 
industry classification systems in Massachusetts illustrates this social position. 3° 

Economic optimization drives the behavior of firms in free markets. There is disagreement 
regarding these economic forces in complex markets, but the major attributes of these forces 
can be described. 

We take the perspective of the firm (the insurer), not the perspective of the consumer. Firms 
seekto maximize profits and to minimize losses (among other firm objectives). Suppose an 
insurer issues 3 policies. It must choose between two rating systems. 

A. Under rating system A, itloses$1 eachonthefirsttwopoliciesanditbreaksevenon 
the third policy. 

B. Under rating system B, it breaks even on the first two policies and it loses $1.5O on the 
third policy. 

Rating system A is off by $2 using the balance principle while rating system B is off by $1.50. 
Using the squared error bias function, rating system A is off by $2 while rating system B is off 
by $2.25. The balance principle says we should choose rating system B, and the squared 
error bias function says we should choose rating system A. 

The economic principle of profit maximization (or loss minimization) says we should choose 
rating system B, as the balance principle says. Using our simple assumptions, the profit 
maximization principle generally agrees with the balance principle. 

Economic forces are not trivial. There are many economic reasons for avoiding large errors, 
including consumer dissatisfaction, consumer switching, and public relations. In democratic 

2 9  This is the same as saying that the least squares bias function is sensitive to outliers, since a single 
large outlier can significantly change the results when the least squares bias function is used. 

30 See Ferreira [1978], as well as Cummins et al., Risk Classification in Life Insurance, chapter 4, pages 
-- .  We are not endorsing Ferreira's views, which are inconsistent with competitive insurance markets. See 
the continuing discussion in the text of this Practitioner's Guide. [Ferreira, Joseph Jr., "Identifying Equitable 
Insurance Premiums for Risk Classes: An Altemative to the Classical Approach," in Andrew F. Giffin, Vincent 
Travis, and William Owen (eds.), Automobile Insurance Risk Classification: Equity and Accuracy (Boston: 
Massachusetts Division of Insurance, 1978), pages 74-120.][Cummins, J. David, Barry D. Smith, R. Nell Vance, 
and Jack L. VanDerhei, Risk Classification in Life Insurance (Boston: Kluwer Academic Publishers, 1983).] 
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systems where social opinion and political pressures are strong, firms may sacrifice short- 
term profit maximization to achieve other ends, such as workforce diversity and environmental 
protection. Furthermore, manager incentives may encourage the pursuit of other goals, such 
as corporate growth instead of profit maximization. Nevertheless, profit maximization remains 
the dominant corporate goal. The pricing actuary should keep these social and economic 
desiderata in mind when choosing a bias function for the minimum bias procedure. 
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X - S Q U A R E D  

The x-squared bias function is similar to the squared error bias function, except that each 
"bias" is divided by the expected value. 

Let us return to the simple illustration with which we began, as reproduced below. 

Urban Rural terr~ terr2 

Male $800 $500 sex~ 200 x sl x tl 200 x s~ x t2 

Female $400 $200 sex2 200 x s2 x t~ 200 x s2 x t2 

The x-squared value for each cell is (the square of the difference between the observed loss 
cost and the indicated pure premium) divided bythe indicated pure premium. For urban male 
drivers in our basic illustration, this number is 

($800 - $200 x S l x  tl) e + ($200 x Sl x tl). 

We sum the squared errors for the four cells to get the sum of x-squared values: 

= ($800 - $200 x Sl x t~) 2 + ($200 x sl x tl) urban male 
+ ( $ 5 0 0  - $200 x s~ x t2) 2 + ($200 x sl x t2) rural male 
+ ($400 - $200 x s2 x tl) 2 + ($200 x s2 x tl) urban female 
+ ( $ 2 0 0  - $200 x s2 x t2) 2 + ($200 x s2 x t2) rural female 

To minimize the sum of the squared errors, we take partial derivatives with respect to each 
variable and set them to zero. We use the quotient rule: 

If y(x) = f(x)/g(x), then ay/ax = [g(x) x af/ax - f(x) x ag/ax] / g2(x). 

For the "male" classification relativity ("s~"), we have 

0 = aSE/as~ = [ ( $ 2 0 0  X S 1 X tl)  X 2 X ( $ 8 0 0  -- $200 X Sl X tl) X (-- $200 X tl) 
-- ($800 -- $200 X Sl X tl) 2 X ($200 X tl) ] / ($200 X Sl X tl) 2 
+ [ ($200 X Sl X t2) X 2 X ($500 -- $200 X Sl X t2) X (-- $200 X t2) 
-- ($500 -- $200 X Sl X t2) 2 X ($200 X t2) ] / ($200 X Sl X t2) 2 

Although the arithmetic looks cumbersome, the equation can be reduced to a simple form. 
To avoid needless arithmetic, we show the general solution, and we resume the illustration 
after deriving the appropriate recursive equation. 
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X-SQUARED RECURSlVE EQUATIONS 

We show the general recursive equations for the x-squared bias function. The horizontal axis 
is the "j" dimension, and the vertical axis is the "i" dimension. We show two dimensions with 
two classes in each dimension to aid visualization of the example. The equations themselves 
have no constraints on the number of classes in each dimension. The extension of the 
equations to three or more dimensions is straight-forward. 

Urban Rural terrl terr2 

Male $800 $500 sex1 200 x st x t~ 200 x s, x t2 

Female $400 $200 sex2 200 x s2 x t~ 200 x s2 x t2 

We form the x-squared bias function as a double summation covering all the cells in the array. 

T_, T_, ( nij rij - nij xi yj)2 / n~j xi yj 

We factor out the number of exposures from the equation to give 

T, T_, n~j ( q - ~ yj)2 / x, yj 

We seek to minimize the x-squared value. 

Given starting values for either dimension we determine the intermediate values for the other 
dimension. Assume we have chosen starting values for the "y" relativities and we are solving 
for the intermediate value of :~. Only the cells in the"i"th row have terms withe x~ in them. We 
take the partial derivative of this row with respect to :~, and we set it equal to 0. 

We use the quotient rule for taking derivatives: if f(x) = g(x)/h(x), then af/ax = [h(x) x ag/ax + g(x) 
x ah/dx] / h2(x). 31 

In the equation below, we take the summation over the "j" dimension. The value of"r' is fixed. 

,~, n=j [)q YJ 2(r~i - x~ yj) x (-yj) - ( r~j - x~ yj)2 Yi] / (x~ yj)2 = 0 

The value)q = 0 will not minimize this equation, so we can multiply both sides of the equation 
by (~)2. We separate the left side of the equation into two fractions, and we factor out (yj)2 
from the first fraction and yj from the second fraction: 

3, This is the same as the product rule for taking derivatives, with f(x) = g(x) x (1/h(x)). 
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T~ - 2  x n~j x= (q  - x~ yj) - (n~j / yj) ( q - ~ yj)2= 0 

We expand the square and we combine like terms: 

- 2  x nij ~ rij + 2 x nij :~2yj _ (nil / Yj) (rij 2 - 2 q xi Yi + ~2 yj2)= 0 

T_., - 2  x nij xi rij + 2 x n~j ~2yj _ (nij / yj) (q2) + 2 x n~j ~ rij - n, i x~ 2 Yi = 0 

Y'. nii xi2yi - (nii / Yj) (rij 2) = 0 

This gives a relatively simple expression for each x~ in terms of the yj values: 

r~ = [ Y' (nii x rii 2 / Yi) / ~, nii Yi ]0.5 

For the illustration, there is one exposure in each cell. The starting values are y~ = 2 and Y2 = 1. 
We use a base rate of $200, and we divide all cells by $200. 

Urban Rural terrl = 2 terr2 = 1 

Male $4 $2.5 sex1 s~ x 2 s~ x 1 

Female $2 $1 sex2 s2 x 2 s2 x 1 

Using the x-squared bias function along the first row, we get 

Sl (male relativity) = [(V2 x 42 + 1 x 2.52) / (2 + 1)] °s = 2.179. 

Using the x-squared bias function along the second row, we get 

s= (female relativity) = [(V2 x 22 + 1 x 12) / (2 + 1)]°5 = 1.000. 

The male to female relativity is 2.179 to 1. 

The least squares bias function gave a relativity of 2.1 to 1. The dollar values in the urban- 
male cell are larger than the dollar values in the rural-male cell, so the least squares bias 
function gives more weight to the urban-male cell as compared to the rural-male cell than the 
x-squared bias function does. 

ADDITIVE MODEL WITH X-SQUARED 

The x-squared bias function can be used with any type of model, whether multiplicative, 
additive, or combined. If an additive model is used, we minimize the following expression: 
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~ n~j ( r~j - x~ - yj)21 (x~ + yj) 

We set the partial derivative with respect to each relativity equal to zero. It is easiest to solve 
the resulting set of simultaneous equations by iteration. Bailey and Simon [1960], followed by 
Brown [1988] give the recursive equations as 

Ax i = 

r~,j 2 

~j n i , j L ~  I -~j ni,j 

The form of the recursive equation is not as simple as that for other rating models, but the work 
needed to implement this model in a spreadsheet is not significantly greater. ~ 

~= We have not used this model in our own applications, and we have not attempted to verify the recursive 
equation or to examine the appropriateness of this model for specific scenarios. 

665 



GOODNESS-OF-FIT 

There are various rating models, and there are various bias functions. For a given rating 
model and bias function, the minimum bias procedure optimizes the relativities. We nowwish 
to optimize the rating system by choosing the best rating model and bias function. 

The optimal procedure depends on two items. 

• The choice of rating model, such as multiplicative, additive, or combined, depends on the 
characteristics of the observed loss costs. For some types of coverage, a multiplicative 
model is preferred; for other types of coverage, an additive model is preferred. 

• The choice of the bias function depends on the objective. 
• The statistician seeking the best fit might use a maximum likelihood function if a 

tractable distribution function is appropriate for this coverage or a x-squared function 
if the probability distribution function is not known or not tractable. 

• The regulator seeking to avoid large dollar mismatches between observed loss costs 
and indicated pure premiums might use a least squares function. 

• The insurer seeking to avoid monetary losses might use the balance principle. 

Each bias function may be associated with a particular use. The preferences listed above are 
possibilities; other preferences are also possible. In particular, a regulator might prefer the 
balance principle to provide the most efficient rating system. 

• The objective of avoiding large dollar overcharges and undercharges is a dubious goal. 
It is not always compatible with free markets, and introduces inefficiencies into the 
insurance system. 

• A pricing actuary working with a new line of business might prefer the x-squared function 
to examine whether the rating system chosen is compatible with the observed loss costs. 

Empirical Tests 

We can test the choice of rating model empirically. 

Il lustration: We are using a x-squared bias function to optimize classification relativities. We 
do not know whether a multiplicative model or an additive model is more appropriate. 

We perform the minimum bias procedure twice: once with the multiplicative model and a X- 
squared bias function and once with an additive model and a X-squared bias function. After 
opUmizing the relativities for each model, we compare the final x-squared difference between 
the observed loss costs and the indicated pure premiums for each model. The model with the 
lower x-squared value is preferred. 
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Illustration: We are using the balance principle to optimize classification relativities. We do 
not know whether a multiplicative model or an additive model is more appropriate. 

We perform the minimum bias procedure twice: once with the multiplicative model and the 
balance principle and once with an additive model and the balance principle. After optimizing 
the relativiUes for each model, we compare the average absolute difference between the 
observed loss costs and the indicated pure premiums for each model. The model with the 
lower average absolute difference is preferred. 

We can not empirically test the suitability of the bias function. The illustration below explains 
why. 

Illustration: We are using a multiplicative model, and we are deciding between the balance 
principle and the x-squared function. 

We perform the minimum bias procedure twice: once with the multiplicative model and the 
balance principle and once with the multiplicative model and a x-squared bias function. 

If we use a x-squared function to measure the difference between the observed loss costs and 
the indicated pure premiums to test the performance of the two models, the x-squared bias 
function does better. This result is tautological, since the x-squared bias function minimized 
the X-squared difference between the observed loss costs and the indicated pure premiums. 

If we use the average absolute difference between the observed loss costs and the indicated 
pure premiums to test the performance of the two models, the balance principle does better. ~ 
The x-squared bias function minimizes large percentage errors. The balance principle and 
the average absolute difference minimize dollar differences. 

The choice of bias function is a qualitative choice, depending on the objectives of the rating 
system. It is not subject to a quantitative test of suitability. We examine these qualitative 
issues in the following section of this Practitioners Guide. 

Empirical tests of actual insurance rating systems may help dispel some of the rancor in public 
policy decisions. Some persons have criticized the insurance industry for using multiplicative 
models that overcharge high rated classifications. It has been suggested that an additive 
model might be more equitable. 

Many insurers tend to view this criticism as politically motivated, intended to curry support 
among urban voting blocs. An empirical test of a multiplicative model against an additive 
model should help resolve some of the actuarial questions. 

This result is (perhaps) not always true, but exceptions are rare. 

667 



The relative merits of a multiplicative versus an additive model are unclear. In their 1960 
Proceedings paper, Bailey and Simon concluded that an additive model was preferred to a 
mulUplicative model for the Canadian private passenger automobile data. In his 1988 
Proceedings paper, Rob Brown concluded that a multiplicative model was preferred to an 
additive model for the Canadian private passenger automobile data. In his discussion of 
Brown's paper, Gary Venter has suggested that a combined mulUplicative and additive model 
might be superior to either of the models tested. 

SQUARED ERROR VS X-SQUARED 

The squared error bias function is similar to the x-squared bias function. We examine the 
relative advantages of each. 

The x-squared test looks at percentage differences; the squared error test looks at absolute 
differences. For fitting distributions, statisticians often prefer the x-squared test to a least 
squares test. 

Illustration: We are fitting a distribution to two empirical data points. 

• Point A has an observed value of $101 and a fitted value of $100. 
• Point B has an observed value of $1.50 and a fitted value of $1.00. 

We examine the errors for each point. 

• The squared error is (101 - 100) s = 1.00 for point A and (1.50-1.00) 2 = 0.25 for point B. 
Point B fits better. 

• The X-squared value is (101 - 100) 2 / 100 = 0.01 for point A and (1.50 - 1.00) 2 / 1.00 = 
0.25 for point B. Point A fits better. 

The statistician might prefer the x-squared test to the squared error test. The practical 
businessperson might argue that the insurance enterprise is not concerned with optimizing 
a statistical fit. It is concerned with optimizing net income. At point A, the insurer has a gain 
or loss of $1.00. At point B, the gain or loss is $0.50. The squared error test is preferred. ~ 

This argument does not fully reflect the purpose of the minimum bias procedure. The 
argument would be correct if we fully believed the observed values- that is, if the observed 
values were fully credible. But if the observed values were fully credible, we would have no 
need to use the minimum bias procedure; we would just use the rates indicated by the 
observed loss costs in each cell. 

34 This is similar to the argument that we discussed earlier when comparing the balance principle bias 
function and the squared error bias function. 
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We are using the minimum bias procedure because the individual observed values are not 
fully credible, and we believe that the relationships among all the cells in the observed matrix 
provides useful information for choosing the true expected values. 

When we say that a particular fit "X" has less of an error than another fit ~," we do not mean 
that fit =X" will produce a smaller error in the future period. Rather, we mean that fit =X" is 
probably closer to the true values of the cells, and so it is a better pricing procedure than fit "Y" 
is. Our assumption is that we don't know the true expected loss costs. The x-squared bias 
function does a better job showing us the true expected loss costs than the squared error bias 
function does. 

The 1960 Bailey and Simon paper says (page 10) in defense of the x-squared bias function: 

The indication of each group should be given a weight inversely proportional to the 
standard deviation of the indication. 

This is a traditional justification for classical credibility, as Bailey and Simon continue: 

The standard deviation of the indication is inversely proportional to the square root of 
the expected number of losses for the group. ~ 

BALANCE PRINCIPLE VS X-SQUARED 

In the preceding sections, we compared the x-squared bias function to the squared error bias 
function, and the balance principle to the squared error bias function. We nowcompare the 
x-squared bias function with the balance principle. 

We can not give an unequivocal answer. The 1960 Bailey and Simon paper prefers the X- 
squared bias function, whereas the 1963 Bailey paper argues for the balance principle. = 

• Thex-squaredbiasfuncUonusesproportionaldepartures;thebalancepdncipledoesnot 
use proportional departures. 

After the writings of Hans B0hlmann, Gary Venter, Howard Mahler, and others, this statement is no 
longer accepted uncritically. We do not attempt to judge it more rigorously in this paper. 

36 Another bias function is the absolute proportional departure of the indicated pure premiums from the 
observed loss costs. The absolute proportional departure is not as mathematically tractable as the other two. 

669 



• The balance principle uses the first order departure, which is economically optimal. 37 The 
x-squared bias function uses the squared departure, which is not economically optimal. 

• The balance principle is unbiased; the x-squared bias function is not unbiased. 

The last statement above warrants explanation. The 1963 Bailey paper argues that the 
balance principle constrains the relativities so thatthe total indicated pure premiums along any 
dimension equal the total observed loss costs along that dimension. 

Illustration: If the balance principle is used as the bias function, the total indicated pure 
premiums for all urban drivers equals the total observed loss costs for all urban drivers. 
Similarly, the total indicated pure premiums for all male drivers equals the total observed loss 
costs for all male drivers. 

COMMON PRACTICE 

Common practice among casualty actuaries is to use the balance principle, not the x-squared 
bias function. One might argue that since more effective procedures drive out less effective 
procedures in a competitive market, this is an argument in favor of the balance principle. 

In truth, many ratemaking procedures were selected for ease of implementation, not 
necessarily for their mathematical accuracy. The balance principle was easier before the 
widespread use of desktop computers, and it gained widespread acceptance. Few actuaries 
have tried the x-squared bias function or the least squares bias function. No conclusions 
should be drawn from the common practice among actuaries. 

CREDIBILITY 

Many practitioners combine the minimum bias procedure with credibility weighting of the 
indicated pure premiums either with the observed loss costs or with the underlying pure 
premiums. We show illustrations of each method. 

INDICATED AND OBSERVED 

The minimum bias procedure gives the indicated pure premiums for each class in an array. 
The pure premiums used for the final rates is a weighted average of the indicated pure 
premiums and the observed loss costs for that class. The credibility for the observed loss 

3~ As noted earlier, no bias function is economically optimal in all scenarios. We mean here simply that 
the balance principle would be the best bias function in most scenarios for a firm seeking to maximize profits. 
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costs is a function of the volume of business in the class. Classes with greater volume place 
more weight on the observed loss costs. = 

Various credibility parameters are used; the classical credibility formulas are most common. 
Classes with a certain volume of claims or of exposures are given full credibility. The square 
root rule is used for classes with lower volume of claims or exposures. 

Illustration: Suppose that classes with exposure of 10,000 or more car-years are accorded 
full credibility. A class with 3,600 car-years of exposure, an $800 observed loss cost, and a 
$700 indicated pure premium, is accorded (3,600/10,000) °'s = 60% credibility. The credibility 
weighted pure premium is 60% x $800 + (1 - 60%) x $700 = $760. 

INDICATED AND UNDERLYING 

For premises and operations ratemaking, ISO uses a balance principle minimum bias 
procedure with observed loss ratios to determine the indicated changes to class group and 
type of policy relativities. ~ 

• An indicated relativity change of 1.08 for type of policy 12 means that the existing relativity 
for type of policy 12 should be increased by 8%. 

• The full credibility standard is based on the number of claims in the class during the 
experience period. These standards are 2,500 claims for OL&T BI, 3,000 claims for M&C 
BI, and 7,500 claims for M&C PD. 

• Partial credibility is based on the square root rule. For example, 1,080 claims in M&C BI 
gives (1,080/3,000) °'s = 60% credibility. 

• The indicated relativity change for the class is raised to the power of the credibility. If the 
indicated relativity change is 1.08 and the credibility is 60%, the credibility weighted 
relativity change is 1.080 °8 = 1.047. 

These two illustration show different uses of credibility. ISO credibility weights the indicated 
classification relativitieswith the current classification relaUvities to dampen the changes from 
year to year. The first illustration credibility weights the observed loss costs with the indicated 
pure premiums to increase the accuracy of the final rates. 4° 

See Venter's [1990] discussion of Brown's 1988 paper cited eadier. 

See Nancy C. Graves and Richard CastUlo, "Commercial General Liability Ratemaking for Premises 
and Operations,' Pricing (Casualty Actuarial Society 1990 Discussion Paper Program), Volume II, pages 
631-696, for a more complete discussion of the ISO procedure. 

Compare Gary Venter's distinction between classical credibility, which is used to minimize rate 
fluctuations from year to year, and Bayesian-B(ihlmann credibility, which is used to increase the accuracy of 
the estimate. 
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Embedded Credibility 

The minimum bias procedure has credibility embedded in the calculations, since each cell is 
weighted by the number of exposures in that cell. The traditional credibility weighting in 
classification ratemaking is embedded in the procedure; it need not be added a second time. 

A comparison with the single-dimensional classification ratemaking procedure should clarify 
this. Suppose there are three territories in a state with the experience shown below. The 
exposures are car-years, and the dollar figures are in thousands. 

Exposures C la ims Premium Losses Loss Ratio Indication 

Terr 01 $5,000 $500 $ 5 , 0 0 0  $3,500 70.0% 0.972 

Terr 02 $10,000 $1,000 $15,000 $10,800 72.0% 1.000 

Terr 03 $2,000 $200 $4,000 $2,980 74.5% 1.035 

Total $17,000 $1,700 $24,000 $17,280 72.0% 

The observed data suggest that 

• Territory 01 should have a reduction of 2.8% in its base rate. 
• Territory 02 should have no change in its base rate. 
• Territory 03 should have an increase of 3.5% in its base rate. 

The indications in the table above take no account of the number of exposures or the number 
of claims in each territory. Since territory 03 has only 200 claims in the experience period, the 
+3.5% indication may be distorted by random loss fluctuations. To adjust for the volume of 
business in each territory, the raw indications may be credibility weighted with the overall 
average of unity, where the credibility depends on the number of exposures or the number of 
claims. 

In the minimum bias procedure, the numberor exposures in each cell affects the computation. 
The weight accorded to the observed loss costs in the cell is proportional to the number of 
exposures in the cell. From this perspective, credibility weighting the observed loss costs by 
the number of exposures would be applying credibility twice. 

Nevertheless, some justification remains for a credibility adjustment. To determine the 
indicated pure premium for a cell, the minimum bias procedure uses all the cells in the array 
and the type of rating model. The credibility embedded in the minimum bias procedure deals 
with random loss fluctuations. A second credibility adjustment deals with model specification 
risk. We explain these concepts with an illustration. 
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Illustration: We are setting classification relativities with a minimum bias procedure. The 
observed loss costs for young unmarried urban male drivers is $2,500 per car. The indicated 
pure premiums for these drivers is $3,000 per car. There are two explanations for the 
difference. 

1. The rating model is correct, and random loss fluctuations account for the difference, 
Random loss fluctuations may have reduced the observed loss costs for this cell, or 
random loss fluctuations in neighboring cells may have increased the indicated pure 
premium for this cell. If random loss fluctuations are the cause of the difference between 
the observed loss costs and the indicated pure premium, the credibility embedded in the 
minimum bias procedure is sufficient. No additional credibility adjustment should be used. 

2. There were no rendom loss fluctuations causing the difference, but the rating model is not 
correct. The minimum bias procedure may be using a multiplicative model, which 
produces high indicated pure premiums for high risk ddvers, when an additive model is 
proper, which would lead to lower pure premiums for these drivers. This is model 
specification risk, and a second credibility adjustment is warranted. 

Classical credibility procedures are not an ideal compensation for model specification risk. 
The ideal approach is to use several models, such as multiplicative, additive, and combined 
models, and to test the goodness-of-fit for each model. Time constraints preclude this ideal 
approach in most cases, and a credibility adjustment may be a reasonable altemative. 

Rate Fluctuetlons 

The use of credibility to temper rate fluctuations from year to year is a dubious practice. In 
practice, most actuaries conceive of credibility as a means to price more accurately. Although 
Venter correctly notes that the stated rationale for classical credibility deals with tempering 
rate fluctuations, even classical credibility does serve the objective of increasing the accuracy 
of the rate indications. 41 

When rating bureaus made advisory rates, they had more incentive to temper rate fluctuations 
from year to year than private insurers have. Since the objective is rarely well defined, the 
credibility procedures are often arbitrary. ISO's credibility procedure may not have had firm 
statistical justification, but it fulfilled the objective of tempering the requested rate changes. 

41 See Venter's chapter O f "Credibility" in any of the first three editions of the CAS textbook, Foundations 
of Casualty Actuarial Science. 
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MAXIMUM LIKELIHOOD 

Some statisticians prefer a maximum likelihood test to either a x-squared test or a least 
squares test when fitting a distribution to observed data. In his 1988 Proceedings paper, Rob 
Brown illustrated the use of a maximum likelihood test to optimize classification relativities. 

The use of a maximum likelihood test requires an assumption about the distribution of values 
in each class. The appropriate distribution for loss costs is not evident. It probably is not a 
simple mathematical distribution that would be amenable to the procedure discussed here, 
such as an exponential distribution or a Poisson distribution. If the appropriate distribution is 
not known, the statistical merits of a maximum likelihood test are less clear. 

The maximum likelihood test is rarely used in practical work, and not all actuaries are familiar 
with it. We explain the use of the maximum likelihood test by a series of illustrations. 

Illustration: We are fitting an exponential curve to a set of insurance losses. The exponential 
distribution function says that the likelihood of a loss of size "x" is proportional to e -~. We 
first determine the constant of proportionality. 

Given that a loss has occurred, the likelihood that the loss is between zero and infinity is 1. 
If"k" is the constant of proportionality, the integral of ke -xx between 0 and infinity equals k/h. 
For this to be unity, the constant of proportionality must be h. The exponential distribution 
function is he -~x. 

LIKELIHOOD AND PROBABILITY 

We use the term likelihood, not the term probability. If the exponential distribution function has 
a h of 0.0001, the likelihood of a loss of size $20,000 is 0.0001 x e -2. 

If losses are spread throughout the positive numbers, the probability of a loss exactly equal 
to $20,000 is zero. 42 We may conceive of the likelihood that a loss is equal to $X as the 
probability that the loss is between $X-  ¢ and $X + c, divided by 2 x ¢. The limit of this ratio 
as ¢ tends to zero is the likelihood. 

42 In practice, losses cluster at round dollar figures, so the probability of loss exactly equal to $20,000 
is greater than zero. The statement in the text assumes an ideal model, where losses can be any amount, 
down to fractions of a penny, with no rounding to dollar amounts. 
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Before showing the use of the maximum likelihood test, we examine the mean of the 
exponential distribution function. The mean equals 

S x,,Tte-Z~ dx = lib 
o 

We resume the illustration. We would like to fit an exponential curve to a set of insurance 
losses. We seek to determine the value of h. 

We have four methods of doing this. We show the full procedure only for the maximum 
likelihood method. 

METHOD OF MOMENTS 

The mean of the exponential distribution is 1/h. We take the average of the observations, and 
we set h equal to the reciprocal of this average. 

LEAST SQUARES 

We divide the loss sizes into ranges, such as $0 to $5,000, $5,001 to $25,000, $25,001 to 
$100,000, and so forth. We calculate the percentage of observed losses which fall into each 
range. For any given h, we determine the percentage of theoretical losses that would fall into 
each range. 

For each range, we calculate the squared difference between the observed percentage and 
the theoretical percentage. We sum the squared differences over all the ranges. The result 
is a function of h. To minimize this squared difference, we set the partial derivative with 
respect to h equal to zero. 

X-SQUARED 

The x-squared procedure is similar to the least squares procedure, but instead of taking the 
squared difference we take the x-squared difference. For each range, we divide the squared 
difference by the expected value. 

MAXIMUM LIKELIHOOD 

We dispense with the ranges. Suppose we have observed five losses, with sizes of $3,000, 
$5,000, $15,000, $20,000, and $80,000. For a given value of h, the likelihood of a loss equal 
to $3,000 is he -~x3'°°°. The likelihood of five losses for the values listed above is the product 
of the likelihoods of each individual loss, or 
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ke-,~. 3,o~ x ke -x x 5 ,~  x he -A ~ ,s .~  x ke -A ~ ~.~o x ke -~ x 80.000 

The sum of the five losses is $123,000. We simplify the likelihood to hSe -Ax 123,000. To find the 
optimal h, we must choose the value that gives the greatest likelihood. To do this, we set the 
partial derivative with respect to h equal to zero. 

Before taking the partial derivative, we make one simplification. Maximizing the likelihood is 
the same as maximizing the logarithm of the likelihood. The logarithm of the likelihood is 

5 In h - 123,000 x h. 

Setting the partial derivative with respect to h to zero gives 5/h - 123,000 = 0, or h = 
5/123,000. 

The method of moments provides the same answer. The mean of the five losses is 
123,00015, and X is the reciprocal of the mean. In many cases, the method of moments is not 
practicable, or it gives a different answer than the maximum likelihood procedure. 

MAXIMUM LIKEUHOOD AND MINIMUM BIAS PROCEDURE 

The rating model uses the classification relaUvities to determine the expected loss in each 
cell, orthe mean loss in each cell. The maximum likelihood test is most practicable as a bias 
function when 

• a single parameter distribution is used 
• the mean of the distribution equals this parameter or some simple function of this 

parameter, such as its reciprocal 
• the distribution extends over the positive real numbers 
• the distribution is a reasonable reflection of some insurance process. 

The exponential distribution and the Poisson distribution meet these conditions. 

We illustrate a multiplicative model with the exponential distribution function. We use the 
same illustration as for the other models. The observed loss costs are shown below. 

Urban Rural terr, terr2 

Male $800 $500 sex1 200 x sl x t, 200 x s, x t2 

Female $400 $200 sex2 200 x s2 x t, 200 x s2 x t2 
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Each class has an exponential distribution of loss costs. If the indicated pure premium is 
$200, we don't expect every driver in that class to have losses of $200 each year. Rather, we 
expect the observed losses to follow an exponential distribution with a mean of $200. 

The k differs by cell. The reciprocal of h is the indicated pure premium in that cell. 

Illustration: For the urban/male cell, the loss costs have an exponential distribution with the 
parameter h equal to 1/($200 x s~ x t~). 

We choose starting values for t~ = 2.00 and t2 = 1.00. We determine the likelihood of the 
observed loss costs. The value of h for the urban/male cell is 1/(200 x s~ x t~) = 1/(400 x s~). 
The likelihood of the $800 loss cost in the urban/male cell is 

1/400s~ x exp(-800/400sl) = 1/(400sl) x exp(-2/s~). 

The value of h for the rural/male cell is 1/(200 x s~ x t2) = 1/(200s~). The likelihood of the $500 
loss cost in the rural/male cell is 

1/200s~ x exp(-500/200s~) = 1/(200s0 x exp(-2.5/s~). 

The likelihoods of the observed values in the female cells are determined in the same manner. 

To maximize the likelihood, we maximize the logarithm of the likelihood, also knows as the 
Ioglikelihood. 

• The likelihood of the set of four observed values is the productof  the four individual 
likelihoods. 

• The Ioglikelihood of the set of four observed values is the sum of the four individual 
Ioglikelihoods. 

The partial derivative of the Ioglikelihood with respect to sl depends on the Ioglikelihoods in 
the male row only. This is the same simplification that we used for the least squares method 
and the x-squared method. 

The Ioglikelihood of the values in the male row is-In (400s~) -2/s~ -In(200s~) - 2.5/s~. The 
partial derivative with respect to s~ is -1/s~ +2sC 2 -1/s~ + 2.5s~ -2. We set this equal to zero. 

-1 /s l  +2sl -e -1/s~ + 2.5si -e = 0 
- s l  + 2 - s ~  + 2 . 5 = 0  

s~ = 2.25. 

The likelihood of the $400 loss cost in the urban/female cell is 
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1/400s2 x exp(-400/400s2) = 1/(400s2) x exp(-1/s2). 

The likelihood of the $200 loss cost in the rural/female cell is 

1/200s2 x exp(-200/200s2) = 1/(200s2) x exp(-1/s2). 

The Ioglikelihood ofthe values in the female row is-In (400s2) - 1/s2-In(200s2) - 1/s2. The 
partial derivative with respect to s2 is -1/s2 + ls2 -2 -1/s2 + ls2 -2. We set this equal to zero. 

-1/S2 + lS2 -2 -1/S2 + l s i  2 = 0 

- S t +  1 - S 2 +  1 = 0  
S2 = 1.00. 

JUSTIFICATION 

The maximum likelihood method has strong statistical justification. If the distribution of loss 
costs is a simple mathematical function, such as a Poisson distribution, a normal distribution, 
a Iognormal distdbution, or an exponential distdbution, we can solve for simple recursive 
equations; see Brown [1988]. 

In practice, we don't knowthe proper distributions. The distributions that have been suggested 
for use in the minimum bias procedure, such as the exponential distribution, the Poisson 
distribution, and the normal distribution, are not assumed to be the correct distribution. They 
are tractable distributions that allow simple recursive functions. 

If the tractable distribution is not a reasonable reflection of the true distribution, the use of the 
maximum likelihood method adds bias to the indicated relativities. The Poisson distribution 
and the normal distribution are not reasonable reflections of the true loss costs distribution. 
The true distribution has much fatter tails than these two mathematical functions indicate. 
Using these distdbutions with the maximum likelihood bias function may distort the solution. 
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RECURSIVE FUNCTIONS: PRACTICE SUMMARY 

This Practitioner's Guide emphasizes intuition. Modem spreadsheet software has built-in 
iterative functions that perform the needed calculations. Mildenhall [1999] shows that the 
commonly used minimum bias recursive functions are equivalent to certain multiple regression 
equations or generalized linear models. Commercially available GLM models can be 
adapted to perform the minimum bias calculations. ~ 

For each model discussed in this Guide, there are simple iterative functions. The task of the 
pricing actuary is to determine the type of rating function - multiplicative, additive, or 
combined - and the type of bias function (balance principle, least squares, x-squared, or 
maximum likelihood). If the maximum likelihood bias function is used, the actuary must also 
select a probability distribution function for the loss costs (or other values) in each cell. 

The type of data in each cell will generally be either loss costs or loss ratios. If the pricing 
actuary is using all the dimensions of the classification system in the minimum bias analysis, 
it is easiest to use loss costs. If there are significant classification dimensions that are not 
included, and if there may be an uneven distribution of exposures along these other 
classification dimensions, the pricing actuary may prefer to use loss ratios. 

43 As Mildenhall points out, the minimum bias procedures discussed here are a subset of the potential 
generalized linear models that can be used for classification ratemaking. Actuaries without a strong statistical 
background may find it difficult to understand the intuition for generalized linear models. We hope to complete 
the companion Practitioner's Guide on generalized linear models in the near future. 

679 



The table below shows the models which have been proposed for insurance use, followed by 
the recursive equations. 

Rating Mode/ 

multiplicative 

additive 

multiplicative 

additive 

multiplicative 

additive 

multiplicative 

additive 

multiplicative 

Bias Function 

balance principle 

balance principle 

least squares 

least squares 

x-squared 

x-squared 

maximum likelihood 

maximum likelihood 

Distribution Function 

NIA 

N/A 

N/A 

N/A 

N/A 

N/A 

normal 

normal 

maximum likelihood exponential 

multiplicative maximum likelihood Poisson 
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MultiplicaUve model, balance principle: 
E n~jru 

J 
Xi = 

nOyy z ~  

J 

Multiplicative model, balance principle, three dimensions: 

• lIukruk 
j ,k 

Xi = 
nUky~k 

j ,k 

Additive model, balance principle: 
nu (r U - y j )  

J 
x - 

E nU 
J 

Multiplicative model, least squares: 

= T_, (nil x rij x yj) + T_, (nij x yj2). 

Additive model, least squares: 

xl = T_,(rlj - y Q / m  - B 

Multiplicative model, x-squared: 

:~ = [ ~, (nij x rij 2 / yj) / T_, nij yj ]o.s 

Additive model, x-squared: 

A X  i - 

• " k x ~ + y j )  
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Multiplicative model, maximum likelihood, normal density function: 

no.2r~jy j 
J 

x i - ~ n#2y j  2 

Additive model, maximum likelihood, normal density function: 

no 2 (r/j - y j  ) 
J 

X i = ~ nij 2 

Multiplicative model, maximum likelihood, exponential density function: 

Xi- -  k 

where "k" is the number of classes in the "j" dimension. 

The recursive functions for a multiplicative model, maximum likelihood, Poisson distribution 
function are the same as those for the multiplicative model, balance principle. 

Derivations of the form ulas for the maxim um likelihood models may be found in Brown [1988]. 

682 



Conclusion 

Accurate classification systems are the bedrock of insurance pricing. Accurate and unbiased 
rating systems enable insurers to attain competitive advantages over their peer companies. 
Inaccurate rating systems lead to unsatisfactory profits and losses of market share. 

As competition in the insurance industry increases, and as companies are forced to rely on 
their own pricing prowess instead of bureau rates, the need for more accurate ratemaking 
procedures increases. The minimum bias procedure can be used to optimize a variety of 
rating models. 

In the past, the iterative computational methods and the lack of clear documentation hindered 
many practicing actuaries from using minimum bias methods. The availability of built-in 
functions to perform iterative calculations in popular spreadsheets and programming 
languages has removed the major obstacle to effective use of minimum bias methods. This 
Practitioner's Guide provides clear documentation for actuaries desiring to implement 
minimum bias methods. 
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REINSURANCE ACCOUNTING: SCHEDULE F 

prepared by 
Sholom Feldblum 

(Sixth Edition, January 2002) 

[The author is indebted to Martin F. Cams, James Anastasio, Robert Graham, Peter J. 
Murdza, Jr., and Dennis Lange for extensive review of earlier drafts of this paper. 

Martin Cams, Assistant Deputy Commissioner and Chief Examiner of the Life Insurance and 
Companies Bureau at the New York State Insurance Department, was a member of the NAIC 
Reinsurance Study Group that developed the new Schedule F. James Anastasio, Vice 
President and Treasurer at the American Re-Insurance Company, and Robert Graham of the 
General Reinsurance CorporaUon served on the industry advisory committee that worked with 
the NAIC in developing the new Schedule F. Dennis Lange, the editor of the CAS Forum, 
meticulously checked the wording and illustrations in this paper, providing dozens of 
corrections to the final draft. 

The corrections made by Messrs. Cams, Anastasio, Graham, Murdza, and Lange have greatly 
improved this paper. Any errors remaining are the fault of the author alone and should not be 
attributed to these individuals.] 
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REINSURANCE ACCOUNTING: SCHEDULE F 

Introduction 

Schedule F discloses an insurers reinsurance transactions for both ceded business and 
assumed business. It is one of the most complex schedules in the Annual Statement, having 
grown from its original focus on unauthorized reinsurance to cover overdue loss recoverables, 
amounts in dispute, and a restatement of the statutory balance sheet. The complete rewrite 
of Schedule F for the 1993 Annual Statement heightened the need for clear documentation 
of these statutory exhibits, which this paper provides. 

Reinsurance transactions are an important consideration in monitoring a company's financial 
strength, as demonstrated by the emphasis on reinsurance arrangements and collectibility in 
the NAIC IRIS Tests, the risk-based capital requirements, theStatement of Actuarial Opinion 
and the Canadian Report of the Actuary. 

This paper explains the structure and purposes of Schedule F, as well as the relationship of 
this schedule to other statutory statements. This paper also contains illustrations of 

• Calculating the statutory penalty for 
i. Recoverables from unauthorized reinsurers (Part 5), 
ii. Overdue recoverables (Part 6), and 
iii. Recoverables from "slow-paying" authorized reinsurers (Part 7). 

• Completing the restated balance sheet (Part 8), and 

Both the insurance industry and its consumers benefit from efficient regulation that promotes 
insurance company solvency. The paper concludes with an analysis of the objectives of 
reinsurance regulation, the success of Schedule F in meeting these objectives, and 
suggestions for improving the schedule and the associated regulation. 

STRUCTURE OF SCHEDULE F 

Schedule F serves several purposes: 

Parts 1-3 provide the supporting data for the company's assumed and ceded reinsurance 
accounting entries. Part 1 shows assumed premiums and losses by type of reinsured, and 
Part 3 shows ceded premiums and losses by type of reinsurer. Part 2 shows an exhibit 
of premiums (but not losses) on portfolio reinsurance transactions that were effected 
during the most recent calendar year. 
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Parts 4-7 develop the provision for reinsurance. Part 4 shows an aging schedule for 
recoverables on paid losses and loss adjustment expenses. Part 5 calculates the statutory 
provision for reinsurance recoverables from unauthorized companies: unsecured total 
recoverables, overdue recoverables, and amounts in dispute. Parts 6 and 7 calculate the 
statutory provision in the same three categories for reinsurance recoverables from 
authodzed companies: for non-slow-paying authorized reinsurers in Part 6 and from slow- 
paying authorized reinsurers in Part 7. 

Statutory accounting is on a "net of reinsurance" basis, with reinsurance recoverables 
serving as offsets to direct liabilities. Part 8 of Schedule F restates the statutory balance 
sheet from a net to a gross basis. 

Most insurance exhibits and schedules in the NAIC financial statements show data by line of 
business. This is the format in the Underwriting and Investment Exhibit, the Page 15 state 
exhibits, Schedule P, and the Insurance Expense Exhibit. Reinsurance transactions in 
Schedule F are on a line of business basis as well: by pdmary line for ceded business and for 
assumed proportional business and by reinsurance line (property, casualty, and financial) for 
assumed non-proportional business. 

Schedule F shows figures for all lines of business combined, split by reinsurance company 
for ceded business and by reinsured company for assumed business. 
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Part 1: Assumed Reinsurance 

Part  1 o f  Schedu le  F s h o w s  a l ist ing o f  a s s u m e d  re insurance  re la t ionsh ips  by  re insured 
company .  The  l ist ing is subd iv ided,  whe re  appropr ia te ,  by af f i l ia ted ve rsus  unaf f i l ia ted 
company,  U.S. versus al ien company,  and type of  c o m p a n y  (mandatory  pools versus vo luntary  
poo ls  ve r sus  o the r  compan ies ) .  1 

T h e  a s s u m e d  re insurance  in Part  1 o f  Schedu le  F and the c e d e d  re insurance  in Part  3 o f  
Schedu le  F are p rospec t i ve  re insurance  only. Ret roac t ive  re insurance af fec ts  the spec ia l  
surp lus  ent ry  on  the l iabil i ty s ide o f  the s ta tu tory  ba lance  s h e e t  (page  3 o f  the Annua l  
Sta tement) ,  but  it is not  re f lec ted in the exh ib i ts  and schedu les ,  such  as  Schedu le  F. 2 

A s s u m e d  re insurance  ent r ies  are of  f ou r  types:  

• Losses  payab le  to the re insured c o m p a n y  on paid losses  and on case  reserves ;  

1 A domestic company is one domiciled in the state under consideration. A U.S. company domiciled 
in another state is a foreign company. A company domiciled outside the U.S. is an alien company. 

2 SSAP No. 62, =Reinsurance," paragraph 28, says with regard to retroactive reinsurance agreements: 

a. The ceding entity shall record, without recognition of the ratroactive reinsurance, loss and loss expense 
reserves on a gross basis on the balance sheet and in all schedules and exhibits. 

b. The assuming entity shall exclude the retroactive reinsurance from loss and loss expense reserves and 
from all schedules and exhibits. 

Retroactive reinsurance does not reduce the loss reserves reported in the Annual Statement for the ceding 
company. However, it affects statutory income in the same fashion as prospective reinsurance does, except 
that it is booked under "other income" on the statutory statement of earnings. It has a full effect on 
policyholdem' surplus, though not on the unassigned portion of surplus. It fully affects GAAP income, GAAP 
equity, and taxable income. 

The risk-based capital ratio is slightly reduced if the reinsurance is coded as retroactive instead of prospective. 
The risk-based capital ratio, which determines the RBC action level, is the ratio of risk-based capital adjusted 
surplus to the risk-based capital requirements for the company. 

• . The risk-based capital adjusted surplus includes special surplus funds just as it includes unassigned 
surplus funds. The adjusted surplus used to compute the risk-based capital ratio does not depend on 
whether the reinsurance is classified as prospective or retroactive. 

• The RBC reserving risk charge is greater than the charge for reinsurance recoverables, particularlyafter 
the covariance adjustment. Prospective reinsurance reduces risk-based capital requirements and 
decreases the denominator of the risk-based capital ratio. 

Prospective reinsurance reduces the denominator of the risk-based capital ratio and increases the ratio itseff. 
Retroactive reinsurance does not have this effect. 
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• Premiums assumed from the reinsured company, the uneamed portion of the assumed 
premiums, and assumed premiums that are still uncollected; 

• Contingent commissions receivable from or payable to the reinsured company; and 
• Security, or funds deposited with the reinsured company and letters of credited 

provided for the benefit of the reinsured company. 

LOSSES PAYABLE 

Losses payable to the reinsured company are divided between reserves on loss already paid 
by the ceding company (column 6) and reserves on reported but unpaid losses of the ceding 
company (column 7). Column 6 agrees with line 2 of page 3 (the statutory balance sheet), 
which has an explicit reference to Schedule F, Part 1, column 6. 

Column 7 of Schedule F, Part 1 is similar to the entry on the Underwriting and Investment 
Exhibit, Part 3A, column 2. However, the Schedule F entry includes loss adjustment expense 
whereas the Underwriting and Investment Exhibit entry does not, so there is no exact 
reconciliation. 

The reporting company must also hold reserves for IBNR losses of the ceding companies. 3 
These are shown in the Underwriting and Investment Exhibit, Part 3A, column 6, which reports 
the total for all ceding companies by line of business. The reporting company's reserves on 
IBNR losses are not subdivided by ceding company, so they are notshown in Schedule F, 
Part 1.4 

Reinsured losses paid during the year are not shown in Schedule F. They are shown by line 
of business for all ceding companies combined in the Underwriting and Investment Exhibit, 
Part 3, column 2. 

3 The reporting company is the company preparing Schedule F. 

4 Schedule F, Part 3, shows reinsurance loss recoverables subdivided between loss and LAE and 
between recoverables on case reserves and those on I BNR reserves. The ceding company generally estimates 
the IBNR recoverables by reinsurer, so that it may offset its direct loss reserves. Similarly, it estimates the 
recoverable separately for losses and for loss adjustment expenses, so that it may offset its unpaid losses and 
LAE on lines 1 and 3 of page 3. The assuming company has no need for these separate estimates. 
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PREMIUMS AND COMMISSIONS 

Column 9 shows contingent commissions payable; column 10 shows assumed premiums 
receivable; and column 11 shows unearned premium. The column 10 entry is net of regular 
commissions, which do not appear in column 9. The column 9 entry is for contingent 
commissions (sometimes called profit commissions) only, and it may be either a positive or 
negative figure. A positive figure means that the reporting company expects to pay additional 
contingent commissions to the ceding company. A negative figure means that the reporting 
company expects to receive back some contingent com missions previously paid to the ceding 
company. 

I l lustration: Suppose the reporting company has two reinsurance treaties, both with a gross 
premium of $1,000,000. One treaty has a fixed commission rate of 30% of gross premiums. 
If no premium has yet been received, the column 10 entry would be $700,000, since "the 
amounts reported should be net of commissions payable" (Instructions). 5 The column 9 entry 
would be $0, since the treaty has no contingent commissions. 

The other treaty has a sliding scale contingent commission arrangement, where the 
commission depends on the loss ratio of the assumed business: 30% minus one half of the 
difference between the actual loss ratio and 70%, or 

30% - 0.5 x (actual  loss ratio - 70%), 

bounded between 10% (for an actual loss ratio of 110%) and 50% (for an actual loss ratio of 
30%). At the last meeting between the reinsurer and the ceding company, the loss ratio was 
estimated at 60%, so a 35% commission was paid. Since that time, additional reported 
losses indicate that the true loss ratio is 80%, so the final contingent commission should be 
25%. The contingent commission payable is a negative 10% of $1,000,000, or-$100,000. 

FUNDS WITHHELD AND L~I(~ERS OF CREDIT 

A reinsurer may provide funds or letters of credit to secure the balances payable to the ceding 
company. 

• If the reinsurer is not authorized to transact reinsurance business in the state of domicile 
of the ceding company, the ceding company must post a statutory liability called the 

5 SSAP No. 62, =Reinsurance," paragraph 50, explains: Commissions payable on reinsurance assumed 
business shall be included as an offset to Agents' Balances or Uncollected Premiums. Commissions 
receivable on reinsurance ceded business shall be included as an offset to Ceded Reinsurance Balances 
Payable. 
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provision for reinsurance to offset the reinsurance recoverables. In common parlance, the 
reinsurance recoverables are not admitted to reduce the net loss liability unless the 
recoverables are secured (see the subsequent discussion of Schedule F, Part 5). 6 

If the reinsurer is authorized but triggers the "slow-paying" test in Schedule F, Part 4, it is 
classified as a slow paying reinsurer, and a provision for reinsurance equal to (at least) 
20% of the reinsurance recoverables must be posted, unless the recoverables are 
secured (see the subsequent discussion of Schedule F, Part 7). 

• Even if the reinsurer is both authorized and not slow-paying, the ceding company may 
request letters of credit to ensure that its losses will be reimbursed. 

Part 1 of Schedule F shows these securing amounts as follows: 

Column 12 shows "funds held by or deposited with reinsured companies." These assets, 
owned by the reinsurer but held by the ceding company, are shown on line 11 of page 2 
of the rainsurer's balance sheet (assets) and on line 12 of page 3 of the ceding company's 
balance sheet (liabilities). 

Column 13 shows "letters of credit posted." The letter of credit may be issued by a bank 
or other financial institution to secure recoverables from the reinsurer. The letter of credit 
does notaffect the reinsurar's balance sheet, but it reduces the provision for reinsurance 
on the ceding company's balance sheet (if the reinsurer is unauthorized or slow-paying). 

Column 14 shows "amount of assets pledged or compensating balances to secure letters 
of credit." The commercial bank issuing the letter of credit may demand that the reinsurer 
hold a compensating balance in an account with the bank to secure the letter of credit. 
Suppose the ceding company wants a letter of credit to secure the recoverables from an 
unauthorized reinsurer. A commercial bank might charge a high fee to provide the letter 
of credit. To reduce the fee, the reinsurer transfers cash from another financial institution 
to the bank issuing the letter of credit. The reinsurer is restricted from using these funds 
as long as the bank's obligation on the letter of credit remains outstanding. 

s In more rigorous statutory accounting terms, the reinsurance recoverables are always admitted, since 
they reduce the statement reserves of the ceding company, whether on the balance sheet (page 3, line 1), the 
Underwriting and Investment Exhibit, or Schedule P, regardless of whether the reinsurer is authorized or slow- 
paying. Unsecured recoverables from unauthorized reinsurers, 20% of unsecured recoverables from slow-paying 
authorized reinsurers, 20% of loss recoverables more than 90 days overdue from all reinsurers, and 20% of 
amounts in dispute from unauthorized reinsurers and from non-slow paying authorized reinsurers must be 
reported as a statutory provision for reinsurance on the liability side of the balance sheet (page 3, line 15). 
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Part 2: Portfolio Reinsurance 

Part 2 of Schedule F shows "Premium portfolio reinsurance effected or cancelled during the 
current year." Reinsurance ceded by portfolio is shown on the top half of the page, and 
reinsurance assumed by portfolio is shown on the bottom half of the page. 

The information in Part 2 of Schedule F relates to premiums only, shown separately by 
reinsuring or ceding company. The entries are 

• Columns 1-3: Company identification (federal ID number, NAIC company code, name) 
• Column 4: Date of Contract 
• Column 5: Amount of Original Premium 
• Column 6: Amount of Reinsurance Premiums 

Portfolio reinsurance is defined in the Annual Statement Instructions as "the transfer of the 
entire liability of an insurer for in force policies as respects a described segment of the 
insurer's business." No guidance is provided for the entries in columns 5 and 6. 

Originally (in 1989), Part 2 of Schedule F dealt with premiums on loss portfolio transfers. In 
the early 1990's, the term "loss portfolio transfers" was changed to retroactive reinsurance, as 
was the title of Schedule F, Part 2. Retroactive reinsurance is defined in SSAP, paragraph 
21, as "reinsurance in which a reinsurer agrees to reimburse a ceding entity for liabilities 
incurred as a result of past insurable events covered under contracts subject to the 
reinsurance." The NAIC Instructions to the Statement of Actuarial Opinion (section 11) 
provide a three-fold definition: 

For the purpose of this instruction, "retroactive reinsurance" refers to any agreement 
which increases the transferring insurer's Surplus to Policyholders as a result of the 
transferee undertaking any loss obligation already incurred and for which the 
consideration paid by the transferring insurer is derived from present value or 
discounting concepts. 

Portfolio reinsurance appears to include both prospective and retroactive reinsurance, though 
the primary policies must be "in force." SSAP No. 62, "Reinsurance," paragraph 29, defines 
portfolio reinsurance as "the transfer of an insurer's entire liability for in force policies or 
outstanding losses, or both, of a segment of the insurer's business" (emphasis added). The 
"in force" qualification in the Annual Statement Instructions is not determinative. 

The intention of columns 5 and 6 is unclear. Since column 6 refers to the reinsurance 
premium, column 5 seems to refer to the primary premium. One insurer, which ceded the 
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prospective partof policies in force fora block of business, entered the primary premium for 
the entire block as the original premium in column 5 and the reinsurance premium in column 6. 

The treatment of loss portfolio transfers in the Annual Statement changed in the early 1990's, 
and there was a need for regulators to track these agreements to ensure that proper statutory 
accounting was being followed. The purpose of an exhibit showing the premium on portfolio 
reinsurance is unclear. 
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Part 3: Ceded Reinsurance 

Part 3 of Schedule F shows a listing of ceded reinsurance relationships by reinsurance 
company. The listings are subdivided by affiliated versus unaffiliated company, authorized 
versus unauthorized company, U.S. versus alien company, and type of company (mandatory 
pools versus voluntary pools versus other companies). 

The authorized versus unauthorized status of the reinsurer is essential for Schedule F, whose 
primary purpose is to determine the provision for reinsurance. Unaffiliated reinsurers may 
clearly be either authorized or unauthorized. An affiliated reinsurer may also be unauthorized. 
A domestic company may have an unauthorized off-shore affiliate in a tax haven. Reinsurance 
ceded to the unauthorized affiliate may be used to reduce tax liabilities orto circumvent U.S. 
restrictions on loss reserve discounting. 

The columns in Part 3 emphasize the amounts recoverable from assuming reinsurers and the 
offsetting funds that secure the recoverables. This information is used to derive the provision 
for reinsurance by type of reinsurer. We explain each column below. 

FRONTING COMPANIES 

Column 5 identifies "insurance contracts ceding 75% or more of direct premiums written." 
There is a cost to buying reinsurance. If the reinsurance contract cedes 75% or more of the 
primary premium, one might wonder why the primary company wrote the business in the first 
place. 

Regulators are often suspicious of such reinsurance arrangements. It is true that some risks 
are too large ortoo risky for the primary company. A primary insurance company may bid on 
a $50 million commercial office building and then cede most of the exposure to larger 
reinsurers. Even in these scenarios, it is unusual for the ceded premium to be 75% or more 
of the primary premium. Excess of loss reinsurance premiums are rarely that large, and quota 
share reinsurance cessions of 75% or more of the exposure are not common. 

Fronting arrangements are used by insurers seeking to write direct business in jurisdictions 
where they are not licensed, particularly if the jurisdiction has extraterritorial regulation. 
Suppose the ABC Insurance Company wises to write business in New York, but it does not 
wish to subject its operations to New York insurance requirements, and it is not licensed in 
New York. The XYZ Insurance Company is licensed in New York and writes business there. 
The ABC Insurance Company may have the XYZ Insurance Company write the business and 
cede the premium to ABC. The XYZ Insurance Company gets a fronting company fee for its 
services from the ABC Insurance Company, and ABC gets to write the business without 
supervision of the New York Insurance Department. 
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Regulators do not always like such fronting arrangements. Ideally, the regulator would like to 
monitor the accounts of the ABC Insurance Company, but ABC is not licensed in the 
jurisdiction and its books are not shown to the regulator. Instead, the regulator monitors the 
accounts of the fronting company, which is licensed in the jurisdiction. 

This is the general regulatory perspective in much of Schedule F. Ideally, the regulator would 
like to monitor the accounts of unauthorized reinsurers and of authorized reinsurers in financial 
distress with overdue accounts payable. But it does not have access to the accounts of 
unauthorized reinsurers, and companies in financial distress may not present a"full and true 
statement" of their accounts. Instead, regulators seek the relevant information from 
companies domiciled or licensed in their states. 

The Annual Statement Instructions say that 

Each individual contract, except those listed below, which provides for the cession of 
75% or more of direct premiums written under such cession during the year, should be 
identified by inserting a 2 in this column. The reinsurance transactions so identified 
shall include both treaty and facultative cessions of direct business written by the 
company. 

Possible fronting arrangements can be ascertained from the entry in this column. 

EXCEP~ONS 

Four types of reinsurance contracts are exempt from identification in this column. 

(1) Affiliated transactions: Intercompany reinsurance transactions with affiliates are exempt 
from identification in this column. Sister companies A, B, and C may participate in an 
intercompany pooling agreemen L whereby companies A and C cede all their business to 
company B. Company B retrocedes one third of the pooled business back to company A and 
one third back to company C. These transactions appear as affiliated reinsurance cessions 
in Schedule F. These are not fronting arrangements. Insurers use fleets of companies for 
rating purposes: one company may have rates for preferred insureds and another company 
may have rates for substandard insureds. 

(2) Pools: Insurers participate in various involuntary market pools and joint underwriting 
associations, particularly for workers' compensation and commercial automobile business. 
One or more companies act as servicing carriers for the pool. They write the involuntary 
business and cede everything to the pool, keeping only an expense allowance for their 
acquisition costs and underwriting costs. These are not fronting arrangements, and they are 
exempt from identification in this column. The Annual Statement Instructions say 

696 



Exclude: Reinsurance transactions involving any group, association, pool, or 
organization of insurers which engage in joint underwriting activities and which are 
subject to examination by any state regulatory authority or which operate pursuant to any 
state or federal statutory or administrative authorization. 

(3) SmallAmounts: A reinsurance transaction in which the annual gross premium ceded is 
less than 5% of policyholders' surplus is exempt from identification in this column. Regulators 
are cooncemed about companies that serve as fronting insurers for other companies. A small 
reinsurance transaction may result from the ceding company leaving a line of business or a 
geographic area when it has little remaining business. 

(4) Captives: Reinsurance transactions involving captive insurance companies are exempt 
from identification in this column. An insurance company can deduct loss reserves from its 
taxable income. A non-insurance company can deduct only paid losses from its taxable 
income, not loss reserves. To gain the tax benefits of insurance while avoiding the expense 
costs of commercial insurance, a large policyholder may form an insurance subsidiary to write 
coverage on the parent company's exposures. 

It is expensive for insurance companies to hold capital, partly because of double taxation 
costs. 7 To avoid holding capital, the captive may cede the business to the parent company, 
to other affiliates of the parent company, or to unaffiliated reinsurers. 

LOSS AND LOSS ADJUSTMENT EXPENSES 

Columns 7 and 8 of Schedule F, Part 3 show"reinsurance recoverable on paid losses and on 
paid LAE, (respectively). Reinsurance recoverables on paid losses and loss adjustment 
expenses are balance sheet assets on both statutory and GAAP financial statements; see 
SFAS 113 and SSAP No. 62, paragraph 19 s The total of columns 7 plus 8 should equal the 
entry on page 2, column 3, line 14, "Reinsurance recoverables on loss and loss adjustment 
expense payments. "9 

7 See Feldblum [DCCS] on the costs to an insurance company of holding capital. 

8 Both authorized and unauthorized reinsurance recoverables are admitted on the asset side of the 
balance sheet. SSAP No. 62, paragraph 19, says: =Reinsurance recoverable on lose payments !s an admitted 
asset . . . .  Unauthorized reinsurance is included in this asset and reflected separately as a liability to the extent 
required." The asset for reinsurance recoverables does not depend on the authorized status of the reinsurer. 
The provision for reinsurance on the liability side of the balance sheet does depend on the authorized status 
of the reinsurer. 

9 On the asset side of the statutory balance sheet, column 1 shows the gross asset, column 2 shows 
the non-admitted portion, and column 3 shows the nat admitted asset, all for the current year. Column 4 shows 
the net admitted asset for the previous year. Schedule F shows only the net admitted amounts. All of these 
figures are gross of the provision for reinsurance. The balance sheet is in dollars whereas Schedule F is in 
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Reinsurance recoverables on unpaid losses and LAE are divided into four groups: 

• Column 9 - Recoverables on known case loss reserves 
• Column 10 - Recoverables on known case LAE reserves 
• Column 11 - Recoverables on IBNR loss reserves 
• Column 11 - Recoverables on IBNR LAE reserves 

Reinsurance recoverables on unpaid losses and loss adjustment expenses are contra- 
liabilities on the statutory balance sheet; they offset the direct loss and LAE reserves on page 
3, lines 1,2, and 3. l° The Underwriting and Investment Exhibit, Part 3A, "Unpaid losses and 
loss adjustment expenses" shows ceded loss reserves divided between reported losses in 
column 3 (or"case reserves") and incurred but not reported losses in column 7. The totals for 
all lines of business combined in the Underwriting and Investment Exhibit, Part 3A, for columns 
3 and 7 should equal the totals for all reinsurers combined in Part 3 of Schedule F, columns 
9 and 11, respectively. 

For loss adjustment expenses, the Underwriting and Investment Exhibit shows the net amount 
in column 9, but not the direct, assumed, and ceded pieces of the net amount. There is no 
formal cross-check for columns 10 and 12 of Schedule F, Part 3.11 

UNEARNED PREMIUMS 

Column 13 shows uneamed premiums. The unearned premium reserves held by the 
assuming reinsurers are similar to the loss recoverables due from these reinsurers, since if 
the reinsurer cancels the contract or if it becomes insolvent, the unearned premium reserves 
must be returned to the ceding company. For calculating the provision for reinsurance from 
unauthorized and slow-paying reinsurers, the unearned premium reserves and contingent 
commissions are included with loss recoverables. 

thousands of dollars. The Schedule F entry must be multiplied by 1000 before comparison with the balance 
sheet. 

lo See SSAP No. 62, paragraph 26: "Reinsurance recoverables on unpaid case-basis and incurred but 
not reported losses and loss adjustment expenses shall be netted against the liability for gross losses and loss 
adjustment expenses." 

" Schedule P shows both loss and toss adjustment expense liabilities for ceded business. However, 
Schedule P uses a different allocation of reinsurance to direct, assumed, and ceded categories than Schedule 
F does, so the figures may differ between the schedules. See footnote 40 below, as well as the letter from 
Martin F. Cams of the New York Insurance Department to Robert Solitro of October 28, 1991 regarding Part 
1A of Schedule F (Proceedings of the NAIC, 1992, Volume IA, page 351). 
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When Schedule F was revised in 1993, a simplified estimation procedure was permitted for 
the unearned premium reserves column in Part 3. TM The current Annual Statement Instructions 
do not mention this approximation; we do not know if companies may still use it. We explain 
the approximation below, without judging whether it is still allowed. 

For unauthorized reinsurers, the actual unearned premium must be calculated, since this 
contra-liability must be offset by a provision for reinsurance unless the funds are secured. 
When there are many authorized reinsurers involved, the unearned premium reserves 
associated with each company may be estimated as follows: 

A. Calculate the total unearned premium reserve (UEPR) for all reinsurers combined. 

B. Calculate the unearned premium reserve for each unauthorized reinsurer. The sum of 
these reserves is the aggregate UEPR for unauthorized reinsurers. 

C. The difference between "A" and the aggregate in "B" is the uneamed premium reserve 
associated with authorized reinsurers. 

D. Spread the aggregate unearned premium reserve for authorized reinsurers to companies 
in proportion to the premium in force for each reinsurer. 

If UEPRo=~ is the uneamed premium reserve for a given authorized reinsurer, 
UEPRt= is the aggregate uneamed premium reserve for all authorized reinsurers, 
PIFco~ is the premium in force for this authorized reinsurer, and 
PIFt= is the aggregate premium in force for all authorized reinsurers, 

then UEPRco~ may be estimated as 

UEPRo~ = UEPRtot x PIFoo~ + PIFt=. 

12 See the NAIC Proceedings, 1991, Volume 1A, page 368. 

699 



COMMISSIONS 

Column 14 shows reinsurance recoverables on contingent commissions. They may be either 
positive or negative amounts: positive if the reinsurance experience is favorable and the 
reporting company expects additional contingent commissions, and negative if the 
reinsurance experience is unfavorable and the reporting company must return some of the 
contingent commissions already received. 

Regular commissions are netted with the ceded balances payable in column 16. In other 
words, the ceded premium balances are netof regular commissions. Suppose the ceding 
company has a quota share reinsurance treaty with a 30% commission rate. If the gross 
premium balance is $1,000,000, the ceding company would show $700,000 in column 16. 
Amounts stemming from profit commissions orcontingent commissions, whether positive or 
negative, are shown in column 14, not in column 16. 

The total reinsurance recoverables for contingent commissions, whether positive or negative, 
should agree with the figure in Note 22 to the Financial Statements, section C.2: 

Report the additional or return commissions, predicated on loss experience or on any 
other form of profit sharing arrangements in this annual statement as a result of existing 
contractual arrangements. 

The Commlsslon Footnote 

A company may use reinsurance as surplus relief for statutory statements. This is acceptable 
practice, since the reinsurance reduces the underwriting risk of the company. 

A company may structure the reinsurance agreement to provide more surplus relief than is 
warranted. State regulators frown upon such practices, since they may be indicative of 
financial trouble. The commission footnote to Part 3 of Schedule F (reproduced below) seeks 
to identify instances of this practice. The footnote requests disclosure of the five largest 
provisional commission rates in reinsurance treaties. The provisional commission rate is the 
commission rate before application of loss sensitive contract features, such as sliding scale 
commissions and retrospective rating; see the second illustration below. 

Reinsurance commissions from involuntary pools and joint underwriting associations are not 
included in the footnote disclosure. The involuntary pools may provide a high commission 
allowance to servicing carriers because of the difficulty of servicing the small, high risk 
insureds who comprise much of the pool population. The commission allowance is set by 
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state regulation or by an industry rating bureau. The servicing carrier is not using the pool for 
surplus relief. TM 

Martin F. Caros (a member of the NAIC Reinsurance Study Group which developed the 
current format of Schedule F) explains the rationale of the footnote as follows:14 The purpose 
of the footnote is to detail the five largest commission rates (or where contingdnt 
commission clauses exist, the provisional commission rates) for the cedent's treaties so 
that it can be discemed if any treaties have inordinately high rates. Examination and 
internal financial analyses have found that some insurers were masking their leverage 
ratios and true underwriting performance by increasing the ceded premium and 
commission levels in their ceded reinsurance agreements. ~5 We explain Mr. Caros's 
comment with two illustrations after showing the text of the note. 

NOTE: Report the five largest provisional commission rates included in the cedent's 
reinsurance treaties. The commission rate to be reported by contract with ceded premium 
in excess of $50,000. 

(1) (2) (3) 
Name of Company Commission Rate Ceded Premium 

( i) 
(2) 
(3) 
(4) 
(5) 

Two illustrations clarify the purpose of this footnote. (I am indebted to Mr. Carus for both 
illustraUons. 16) 

13 See the Annual Statement Instructions for Schedule F, Part 3: =Disclosure of the five largest provisional 
commission rates should exclude mandatory pools and joint underwriting associations." 

14 Personal communication in a letter of January 25, 1994. 

Is The disclosure in Note 22 to the Financial Statements, section C.1 quantifies the total surplus relief 
provided by reinsurance commissions. SSAP No. 62, "Reinsurance," paragraph 70(a), "Reinsurance Assumed 
and Ceded" explains that the financial statements shall disclose the maximum amount of return commission 
which would have been due reinsurers if all reinsurance were canceled with the retum of the uneamed premium 
reserve. In general, this surplus relief is proper accounting, though an inordinate amount of surplus relief may 
arouse regulatory suspicion of financial weakness. The purpose of the commission footnote in Part 3 of 
Schedule F is to identify possibly improper reinsurance commission arrangements. 

le The text of Mr. Carus's letter follows: =For instance, company A enters into an excess of loss treaty 
with a premium based on 60 of gross net (i.e., gross of direct commissions but net of other ceded premium) 
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ILLUSTRATION 1 : Excess of loss reinsurance is generally priced without a ceding commission. 
Suppose the ABC Insurance Company has $100 million of subject written premium on 
January 1,20XX, and its policyholders' surplus has fallen to $30 million. The 3.33 to 1 ratio 
of written premium to policyholders' surplus is above the trigger of the NAIC IRIS test, and the 
company may be subject to additional regulatory attention. 

If the company purchases an excess of loss reinsurance treaty for a premium of $6 million, or 
6% of the subject premium, the net written premium is $94 million. Surplus remains at $30 
million, since the reduction in cash of $6 million is offset by a reduction in unearned premium 
reserves of $6 million. The written premium to policyholders' surplus ratio is 3.13 to 1, which 
is still too high. 

Instead, the company purchases the same excess of loss reinsurance treaty, but the treaty 
calls for a reinsurance premium of $12 million (or a 12% reinsurance premium rate) along with 
a 50% ceding commission. The cash flows in the reinsurance treaty have not changed - the  
net reinsurance premium is still $6 million - but the statutory accounting presentation is 
different. The ceding company shows $88 million of net written premium and $36 million of 
policyholders' surplus. The $12 million of reinsurance premium is offset by a $12 million 
reduction of the unearned premium reserves, and the $6 million of ceding commission is a 

written or earned premium. Company B writing the same block of business obtains the same excess of loss 
treaty but pays 12% of gross net premiums and earns a commission of 50%. Both insurers have protected 
themselves equally in terms of exposure but company B's leverage position is markedly improved over that of 
company A. The commissions are earned immediately by company B while company A must earn its retained 
premium ratably over the underlying policy terms. Moreover, company B's net premiums written or earned are 
artificially decreased which makes its premium leverage ratios look better than company A's. This is 
inappropriate considering the companies' equal exposure. Regulators' concerns are generated when 
companies change their ceded reinsurance programs from year 1 to year 2 or going from a company A position 
to a company B position. 

Similar examples can be constructed relative to quote share arrangements where provisional commission rates, 
adjustable based on developing loss experience, are used to accomplish the same thing. Compare a 20% 
quota share arrangement with a 10% provisional commission rate to a 40% quote share arrangement with a 
55% provisional commission rate on the same block of business. If ultimately the exposures' results work out 
evenly, the net compensation to the reinsurer will be the same; however, the temporary masking effects and 
income generation features described above hinder accurate financial condition assessment by regulators. 

This is the reason for the disclosures at the bottom of Schedule F - Part 3. Using the word "provisional" in the 
footnote connotes the intention of looking at the rates as the treaties are initiated and not after their 
development because it is at initiation that the manipulation of leverage and income is generated. It is also 
intended that a regulator will be looking to the cedent's acquisition cost ratios in Part 4 of the Underwriting and 
Investment Exhibit to see if there are wide divergences with footnoted commission rates. This has particular 
reference to the example with excess treaties. If these are found to exist, undoubtedly the cedent will be 
queried by the regulator. 

The purpose of this disclosure is to enable regulators to monitor whether a ceding company is masking an 
unduly high leverage ratio by means of reinsurance treaties with high commission rates." 
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revenue. The ratio of net written premium to policyholders' surplus is $88 million / $36 million 
= 2.44, which is well below the IRIS trigger of 3. 

ILLUSTRATION 2: Quota share reinsurance is priced with a ceding commission. Varying the 
ceding commission changes the effective reinsurance premium rate, so the accounting 
sleight-of-hand is more subtle. The reinsurance treaty can set the ceding commission as a 
contingent commission, with a high provisional commission rate to provide surplus relief. 

Suppose the ABC Insurance Company has $100 million of subject written premium on 
January 1,20XX, and its policyholders' surplus has fallen to $20 million. The 5 to 1 ratio of 
written premium to policyholders' surplus is so high that the company might attract regulatory 
examination. 

The company's business is so poor and its financial condition is so weak that reinsurers might 
be reluctant to provide aid. Instead, the company might purchase a 20% quota share 
reinsurance treaty with a 10% provisional ceding commission that has a 1 for 1 sliding scale. 
The 10% provisional ceding commission assumes a 90% loss ratio. If the actual loss ratio 
is higher, such as 95%, the ceding commission is reduced to 5%; if the actual loss ratio is 
lower, such as 80%, the ceding commission is increased to 20%. This is finite reinsurance. 
The reinsurer has little underwriting risk; the purpose of the reinsurance treaty is surplus 
relief, lz 

The net cash flow at inception of the treaty is $20 million x (1 - 10%) = $18 million. The net 
written premium is $80 million and the adjusted surplus is $22 million. At inception, the 
revised ratio of written premium to policyholders' surplus is $80 million / $22 million, or 3.64. 
This is still too high. 

To solve its surplus problem, ABC Insurance Company purchases a 40% quota share 
reinsurance treaty with a 55% provisional ceding commission. The cash flow at inception of 
the treaty is exactly the same as in the previous scenario. The net cash flow at inception is 
$40 million x (1 -55%) = $18 million. But the net written premium is $60 million and the 
adjusted surplus is $42 million. At inception, the revised written premium to policyholders' 
surplus ratio is $60 million / $42 million, or 1.43. This appears excellent. 

This "solution," of course, is accounting gimmickery. The high 55% ceding commission is just 
an accounting fiction, since it will be revised 1 for 1 with the actual loss ratio. Yet the apparent 

~; '  A small amount of insurance risk would have to be retained to pass the transfer of risk tests in SFAS 
113 and SSAP No. 62. 

703 



written premium to surplus ratio of 1.43 at inception provides the relief which the ABC 
Insurance Company needs. 18 

These scenarios illustrate the potential use of high reinsurance commission rates or high 
provisional commission rates to circumvent statutory accounting intentions and portray higher 
premium to surplus ratios than is warranted by the economics of the business. The Part 3 
footnote identifies instances of high reinsurance commission rates, so that the state regulator 
can re-examine the reinsurance treaties involved. Each case may be different, and no set 
rules are prescribed. 

Part 4: Aging of Ceded Reinsurance 

SUMMARY 

Before 1989, there was no statutory penalty for authorized reinsurance, regardless of its 
presumed collectibility. In 1989, a statutory penalty for loss recoverables more than 90 days 
past due and for all recoverables from slow-paying (~tdggedng") authorized reinsurers was 
implemented, and a payment schedule was added to Part 1A of Schedule F. In 1993, the 
aging schedule was revised, the aging rules were changed, and the aging exhibit was made 
into the current Part 4. The aging schedule determines the percentage of the reinsurer's loss 
recoverables that are more than 90 days past due and whether the reinsurer should be 
classified as slow-paying, thereby triggering the provision for reinsurance in Part 7 of 
Schedule F. 

THE DUE DATE 

Non-insurance commercial contracts generally specify the date by which payment must be 
made. Traditionally, many reinsurance treaties were "gentlemen's agreements." They relied 
on the contracting parties to remit funds as the liabilities emerged, without specifying payment 
dates. The complexities of reinsurance agreements and the reliance on the =utmost good 
faith" of the contracting parties argued against specific payment schedules in the contracts. 

In addition, ceding companies may not always bill their reinsurers immediately for small 
losses. They may wait until the recoverables accumulate above a certain level, such as 
$50,000, and then bill the reinsurer for the total amount. 

18 In theory, the ABC Insurance Company must set up a statutory liability of $22 million for potential return 
commission. It would be difficult for regulators to recognize the need for this statutory liability, and a financially 
distressed company may be unlikely to post it voluntarily. 
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To accommodate these attributes of reinsurance agreements, the Annual Statement 
Instructions say: 

For purposes of completing Columns 5 through 9, a paid loss and paid loss adjustment 
expense recoverable is due pursuant to original contract terms (as the contract stood 
on the date of execution). 

Where the reinsurance agreement specifies or provides for determination of a date at 
which claims are to be paid by the reinsurer, the aging period shall commence from that 
date. 

Where the reinsurance agreement does not specify a date for payment by the reinsurer, 
but does specify or provide for determination of a date at which claims are to be 
presented to the reinsurerfor payment, the aging period shall commence from that date. 

Where the reinsurance agreement does not specify or provide for the determination of 
either of such dates, the aging period shall commence on the date on which the ceding 
company enters in its accounts a paid loss recoverable which, with respect to the 
particular reinsurer, exceeds $50,000. If the amount is less than $50,000 it should be 
reported as currently due. 

Examples of Due Dates 

The following scenarios illustrate the Annual Statement Instructions: 

1. The reinsurance contract may specify a date by which time recoverables are due, such as 
"thirty days from the time of notice to the reinsurer." Suppose that 

• A loss occurs on March 15; 
• The loss is paid by the ceding company on August 15; 
• The ceding company bills the reinsurer on September 15 (the date of notice); and 
• The reinsurance contract specifies that recoverables are due within thirty days of the 

time of notice. 

The recoverable is due on October 15. If it is not paid by December 31, the recoverable 
is 75 days (two and a half months) overdue. 19 

2. Suppose the dates of loss occurrence, payment, and billing as the same as above, but the 
reinsurance contract does not specify a date by which time recoverables are due. Instead, 

is For simplicity, we use an assumption of 30 day months in this illustration. The actual statutory rules 
have no such assumption, and an exact day count is (presumably) intended, 

705 



the reinsurance contract says that claims are to be presented to the reinsurer for payment 
within 30 days of the date the loss is paid by the ceding company. The recoverable is due 
on September 15. If it is not paid by December 31, the recoverable is 105 days (three and 
a half months) overdue. 2° 

3. 

4. 

Suppose the reinsurance contract specifies neither the due date nor the presentation date. 
Moreover; suppose the loss was for $100,000, and when the ceding company paid the 
claim, it entered on its books a paid loss recoverable of $100,000. The aging period 
starts from August 15. If the recoverable is not paid by December 31, the recoverable is 
135 days (four and a half months) overdue. 

Suppose the facts are as described in the paragraph above, but the loss was for $15,000, 
and it was the only loss recoverable from this reinsurer. To avoid excessive transaction 
expenses for small claims, the ceding company waits until several such claims have 
accumulated before seeking recovery from the reinsurer, and it does not bill the reinsurer 
in that year. The claim would remain current through December 31. 

SMALL CLAIMS 

A small claim remains current as long as the aggregate amount of such claims for a reinsurer 
remains below $50,000. However, no claim may remain current for more than one year. The 
Annual Statement Instructions say 

Any such amounts so reported [L e., as currently due] in a pdor year's annual statement 
and is still outstanding as of the date of this annual statement must be reported under 
Column 9 and included in Column 10. 

Any item listed as a loss recoverable in the 20XX Annual Statement- whether as currently 
due or as overdue - and still unpaid by the reinsurance company at December 31,20XX+I 
must be reported as overdue more than 120 days (i.e., Column 9 of Part 4) in the 20XX+I 
Annual Statement. 

REINSURANCE INTERMEDIARIES 

Direct writing reinsurers have their own (captive) agency force; independent agency reinsurers 
use brokers and reinsurance intermediaries. When a breker or a reinsurance intermediary 
is involved, the ceding company's dealings may be with the broker or the intermediary, not 
with the reinsurance company. In such cases, notification of the claim or presentation of the 

2o The specified presentation date become the due date, An earlier draft of this statutory rule set the due 
date as 30 days after the specified presentation date. This accounts for the "more than 120 days past due" 
column in Schedule F, Part 4; see footnote 21 
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claim to the broker or intermediary is equivalent to notification or presentation to the 
reinsurance company. 

THE AGING SCHEDULE 

Part 4 of Schedule F shows the following numerical columns: 

Column 5. Currently due recoverables (i.e., not yet overdue) 
Column 6 -  10. Overdue recoverables 

Column 6. 1 to 29 days 
Column 7. 30 to 90 days 
Column 8. 91 to 120 days 
Column 9. Over 120 days 
Column 10.Total overdue (cols. 6 + 7 + 8 + 9) 

Column 11. Total due (cols. 5 + 10) 
Column 12. Percentage overdue (col 10 -co l .  11) 
Column 13. Percentage more than 120 days overdue (col. 9 ÷ col. 11 ) 

Columns 12 and 13 show the percentages of loss recoverables that are overdue (i.e., not 
current) and that are overdue more than 120 days. For the statutory provision for reinsurance, 
the relevant ratio is the percentage more than 90 days overdue; see Part 5, column 13 and 
Part 6, column 4). These amounts are used to determine the statutory penalty for overdue 
recoverables and to determine whether the reinsurer should be classified as slow-paying (see 
below). Column 13 in Part 4, which shows the percentage more than 120 days overdue, is 
not used in the statutory calculations? 1 

We explain the use of the aging schedule in the discussion below of Schedule F, Part 6. 

21 The column 13 ratio is included because the aging schedule for certain recoverables was speeded up 
by 30 days in 1993 compared to 1992. The industry advisory committee to the NAIC reinsurance study group 
recommended that the cutoff date for the statutory provision be increased from 90 days to 120 days. The NAIC 
study group kept the cutoff date at 90 days, but it provided columns to monitor the difference between a 90 day 
and a 120 day cutoff date. 
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The Statutory Provisions for Reinsurance 

Statutory accounting imposes "provisions" (or penalties) for certain types of reinsurance 
recoverables: 

• unsecured recoverables from unauthorized reinsurers, 
• unsecured recoverables from slow-paying (authorized) reinsurers, 
• overdue recoverables from both authorized and unauthorized reinsurers, and 
• recoverables in dispute from unauthorized reinsurers and from non-slow-paying 

authorized reinsurers. 

These statutory provisions for reinsurance appear on line 15 of page 3 of the Annual 
Statement: "15. Provision for reinsurance (Schedule F, Part 7)." 

On the statutory balance sheet, reinsurance recoverable on paid losses and loss adjustment 
expenses is shown as an asset (line 14 of page 2). Reinsurance recoverable on unpaid 
losses and loss adjustment expenses is shown as a contra-liability to gross unpaid losses 
and loss adjustment expenses (lines 1 and 3 of page 3). Ceded unearned premium reserves 
are shown as a contra-liability to gross unearned premium reserves (line 9 of page 3). The 
provision for reinsurance is a liability that relates to all of these items. 

The provision for reinsurance does not affect the loss reserves on line 1 of page 3, which are 
net of all reinsurance. It does not affect the loss reserves in the Underwriting and Investment 
Exhibit or in Schedule P, where no distinctions are made between authorized and 
unauthorized reinsurers and between slow-paying and non-slow-paying authorized reinsurers. 

The provision for reinsurance serves as a minimum bound for uncollectible reinsurance, z2 If 
the reporting company believes that the uncollectible reinsurance recoverables are greater 
than the Schedule F provision for reinsurance, it must hold the full estimated uncollectible 
amount as its provision for reinsurance, z3 

22 SSAP No. 62, "Reinsurance," paragraph 52, makes this explicit: "The . . . Provision for Overdue 
Reinsurance provides for a minimum reserve for uncollectible reinsurance with an additional reserve required 
if an entity's experience indicates that a higher amount should be provided." But see page 84 for a more critical 
analysis of this issue. 

23 The Annual Statement Instructions say that "if the company's experience indicates that a higher 
amount should be provided, such higher amount should be entered." 

708 



The year  to year  change in the provis ion for reinsurance is a direct charge or credit to surplus; 
it does  not  f low through the statutory income statement.  24 

By reducing statutory surplus, the provision for re insurance also reduces r isk-based capital  
ad justed surplus and lowers the r isk-based capital  ratio. 25 

G A A P  f inancial  s ta tements have no provision for reinsurance. GAAP statements show all 
re insurance recoverables as assets, not  as contra-l iabil i t ies, and they reduce the assets for 
expec ted  uncol lect ib le amounts,  just as for other receivables. Similarly, the A. M. Best rating 
agency removes the provision for reinsurance from net liabilities when calculat ing its adjusted 
leverage ratios. ~ 

Note 22D to the statutory f inancial statements,  "Uncol lect ib le Reinsurance,"  d isc loses 
"uncol lect ible reinsurance written off during the year" by reinsurer, in four categories: (i) losses 
incurred, (ii) loss ad justment  expenses  incurred, (iii) p remiums earned, and (iv) other. (See 
the Annual  Sta tement  Instructions and SSAP No. 62, "Reinsurance,"  paragraph 67). The 

24 SSAP No. 62, "Reinsurance," paragraph 52, says: "The minimum reserve Provision for Reinsurance 
is recorded as a liability and the change between years is recorded as a gain or loss directly to unassigned 
funds (surplus)." 

Statutory accounting is more complex if the company holds an additional reserve. The SSAP says that "any 
reserve over the minimum amount shall be recorded on the statement of income by reversing the accounts 
previously utilized to establish the reinsurance recoverable." The provision for reinsurance remains a direct 
charge or credit to surplus. The excess of the estimated uncollectible amount over the statutory provision for 
reinsurance flows through the income statement. For example, if the statutory provision for reinsurance is $10 
million but the reporting company holds a $15 million liability instead, the excess $5 million portion flows 
through the income statement. It is a part of underwriting income, since it "reverses the accounts previously 
utilized to establish the reinsurance recoverable"; it is not a component of other income. 

Glenda Channel, Finance Reporting Manager of the NAIC, has pointed out to me that the statutory accounting 
rules are not consistent. The "excess portion" flows through the income statement. But the entire estimated 
uncollectible amount replaces the provision for reinsurance on line 15 of page 3. The change in the amount 
recorded on line 15 of page 3 from the previous year to the current year is a direct charge or credit to surplus. 
The excess portion is thereby counted twice: once as an income statement flow and once as a direct charge. 

Ms. Channel notes that "the Annual Statement Instructions (or cress references) might need to be modified" 
(email, 26 November 2001). In the meantime, companies should avoid this double charge to surplus by 
choosing whether to run the excess amount through the income statement or accounting for it as a direct 
charge to surplus. 

zs The provision for reinsurance slightly reduces the risk-based capital requirements, since only 
reinsurance recoverables that are not offset by the provision for reinsurance are "subject to RBC." This effect 
is minor; it does not change the statement in the text. See page 29 below for a more complete discussion of 
the risk-based capital effects of the provision for reinsurance. 

See the introduction to Best's Key Rating Guide, 
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amount of such write-offs is not directly related to the provision for reinsurance. However, the 
write-offs are a check on the adequacy of the company's provision for reinsurance. A 
company with write-offs consistently exceeding its provision for reinsurance may be 
underestimating its future liabilities. 

The company's Appointed Actuary must discuss reinsurance collectibility and its potential 
effect on loss reserve adequacy in the Statement of Actuarial Opinion. The Appointed Actuary 
should use the Schedule F exhibits as one source of information on potential collectibility 
problems. The NAIC Instructions to the Statement of Actuarial Opinion, section 11, say 

Before commenting on reinsurance collectibility, the actuary should solicit information 
from management on any actual collectibi/ity problems, review ratings given to 
reinsurers by a recognized rating service, and examine Schedule F for the current year 
for indications of regulatory action or reinsurance recoverable on paid losses over 90 
days past due. 

An estimate of uncollectible reinsurance is distinct from the statutory provision for reinsurance. 
There may be a large provision for reinsurance despite no anticipated reinsurance 
collectibility problem. 

Relationships 

The relationships among the statutory liability, the contra-asset, and the disclosures are 
summarized below. 

1. Prospective vs retrospective: 

i. Note 22 to the financial statements is a retrospective disclosure, identifying the 
statutory write-off during the past year for uncollectible reinsurance recoverables. 

ii. The provision for reinsurance, the GAAP offset for expected uncollectible 
recoverables, and the actuary's disclosure in the Statement of Actuarial Opinion are 
prospective estimates. 

2. Basis of Estimate: 

i. Note 22 is an objective accounting fact. 
ii. The Schedule F provision for reinsurance is a formula driven figure. 
iii. The GAAP financial statements provide management's best estimate of future 

reinsurance uncollectibility. 
iv. The Statement of Actuarial Opinion is the Appointed Actuary's estimate of future 

reinsurance uncollectibility. Although the Appointed Actuary may be an officer of the 
company, and the Appointed Actuary should take into account the views of company 
management regarding potential uncollectible reinsurance recoverables, the actuary's 
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opinion is an independent professional view which may not agree with management's 
opinion. 

SAP-GAAP Accounting Philosophies 

The GAAP vs. statutory accounting approach to measuring the potential uncollectibility of 
reinsurance recoverables reflects the different underlying philosophies of these accounting 
systems. 

GAAP 

The primary goal of GAAP financial statements is to provide potential investors in the 
corporate enterprise, whether equityholders or creditors, with unbiased information about 
future expected income. The company's management is the source of most GAAP estimates; 
this is also true for estimates of uncollectible reinsurance recoverables. 

The estimate is audited by an independent accountant. Misrepresentation by management 
is constrained by the potential lawsuits that such action might cause. Potential investors are 
assumed to be sufficiently sophisticated that they can interpret and evaluate management 
estimates. GAAP emphasizes going-concern enterprises, since these are the enterprises 
of most interest to investors. 

STATUTORY ACCOUNTING 

The primary goal of statutory financial statements is to assure policyholders that the insurance 
obligations will be fulfilled. This is particularly important for policyholders of companies in 
financial distress. Since these companies have incentives to avoid disclosure of uncollectible 
accounts or similar financial problems, statutory accounting relies heavily on formulas, not on 
management estimates alone. The formulas are generally conservative; they are intentionally 
biased, and they are not best estimates. 

Most policyholders are unsophisticated. They are unable to independently evaluate 
management actions or disclosures, and they pose little threat of lawsuits for intentional 
misrepresentation. Regulators serve as the policyholders' agents to monitor the financial 
statements of potentially distressed companies. Statutory accounting emphasizes run-off 
accounting, since the danger to policyholders comes from expiring companies, not from 
continuing companies. 
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The chart below summarizes the differing objectives of GAAP and statutory accounting. 

GAAP Statutory Accounting 

audience served investors policyholders 

focus (topic) future profitability current obligations 

focus ( financial statement) income statement balance sheet 

nature of estimate unbiased conservatively biased 

basis of estimate company management statutory formula 

users sophisticated not as sophisticated 

companies targeted going concern companies cos. in financial distress 

Federal Income Taxes 

The provision for reinsurance is a statutory liability, not a statement liability. It appears on the 
statutory balance sheet, but the change in the provision for reinsurance does not flow through 
the statutory income statement. 

The change in the provision for reinsurance from the previous year to the current year appears 
as a direct charge or credit to policyholders' surplus on page 4, line 26. An increase in the 
provision for reinsurance from last year to the current year causes a decrease in policyholder 
surplus, and a decrease in the provision for reinsurance from last year to the current year 
causes an increase in policyholder surplus. 

A change in the provision for reinsurance has no effect on taxable income, just as it has no 
effect on statutory income or GAAP income. Thus, a change in the provision for reinsurance 
causes a timing (temporary) difference between the statutory balance sheet and the implied 
tax balance sheet. 

In other cases, an increase in a non-admitted asset causes an addition to the deferred tax 
asset on the statutory balance sheet, like other increases in timing differences between 
statutory income and taxable income. We illustrate with examples. In all scenarios, the 
insurance company writes a policy on July 1,20XX for a premium of $1,000, with a $200 
commission paid on July 1. 

1. Revenue Offset: Statutory income for 20XX is earned premium of $500 - commission 
expense of $200 = $300. Taxable income for 20XX adds revenue offset of 20% x change 
in unearned premium reserve or 20% x $500 = $100, so taxable income = $400. The 
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federal income tax on the $100 difference between taxable income and the income that 
is implied by the statutory balance sheet is 35% x ($400- $300) = $35. The deferred tax 
asset on the statutory balance sheet is $35. 

2. Agents'Balances: Suppose that the entire net premium or $1,000- $200 = $800 was due 
on July 1,20XX, but the agent remitted only $650. The remaining $150 is more than 90 
days past due and it is not admitted on the statutory balance sheet. The taxable income 
for 20XX remains $400. The income implied by the statutory balance sheet is derived as 
follows: 

• Cash received = $650 
• Uneamed premium reserve = $500 
• Income implied by statutory balance sheet = $650 - $500 = $150 

The income shown on the statutory income statement is $300, not $150. The calculation 
of the deferred tax asset relies on the income impliedby the statutory balance sheet, not 
the income shown on the statutory income statementY The difference between taxable 
income and implied statutory income is $400 -  $150 = $250. The deferred tax asset is 
35% x $250 = $87.50. 

3. Provision for Reinsurance: Suppose that the company included this policy under its 60% 
proportional reinsurance treaty. A loss of $100 occurs on July 15, which the primary 
company pays on August 1. It enters the reinsurance recoverable of $60 on its ledger on 
that date as well, but the recoverable is not paid by the reinsurer until the next year. The 
recoverable is more than 90 days past due by December 31, and a provision for 
reinsurance of $12 is set up. zB The taxable income from this loss is-S100 + $60 =-$40. 
The income implied by the statutory balance sheet is derived as follows: 

• Cash paid (loss paid) = $100 
• reinsurance recovered (asset) = $60 
• Provision for reinsurance (statutory liability) = $12 
• Income implied by the statutory balance sheet = -$100 + $60 - $12 = -$52. 

Following the reasoning in the previous examples, we should say that the difference between 
taxable income and the income implied by the statutory balance sheet i s - $ 4 0 -  (-$52) = $12. 

z~ The deferred tax assets and liabilities depend on the timing difference between actual taxable income 
and the statutory income implied from the statutory balance sheet. This is identical to the timing differences 
between the actual statutory balance sheet and the balance sheet entries implied by taxable income. The latter 
definition - the "balance sheet perspective - is the definition used by the FASB. 

28 For simplicity, we-are working with small numbers, and we ignore the $50,000 minimum for overdue 
claims. Assume that there are other loss recoverables from this reinsurer whose total exceeds $50,000. 
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The federal income tax on this amount is 35% x $12 = $4.20, which ought to be shown as a 
deferred tax asset. 

This is not the procedure actually used by statutory accounting. SSAP No. 10, "Income 
Taxes," section 6B, specifically excludes the prevision for reinsurance (the Schedule F 
penalty) from affecting deferred tax assets or liabilities: 

Temporary differences include unrealized gains and losses and nonadmitted assets but 
do not include asset valuation reserve (AVR), interest maintenance reserve (/MR), 
Schedule F penalties... 

The rationale for this treatment is that the provision for reinsurance- like the asset valuation 
reserve and the interest maintenance reserve - is a policyholder safeguard, not a timing 
difference. It may be necessary for companies in financial distress and inclined to dissemble 
in their estimates of reinsurance collectibility, but it is unduly conservative for most companies. 
Statutory accounting does not anticipate a different timing of the reinsurance payment pattern 
than tax accounting anticipates. The tax on the reinsurance recoverable is not expected to 
reverse in future years. Rather, the provision for reinsurance for a particular reinsurance 
contract is expected to diminish as the recoverables are collected and the need for 
conservative valuation dissipates. 

The same is true for the asset valuation reserve and the interest maintenance reserve. They 
do not reflect a different statutory perspective on the actual value of financial assets. They 
serve to safeguard the company's ability to pay claims even in adverse financial scenarios. 
For all of these items, a deferred tax asset would simply reduce the conservatism of the 
statutory balance sheet. 
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RISK-BASED CAPITAL REQUIREMENTS 

The NAIC's risk-based capital formula sets capital requirements for property-casualty 
insurance companies based on the amounts and types of risk that they face. To guard against 
the potential uncollectibility of reinsurance recoverables, the risk-based capital formula 
includes a risk charge equal to 10% of reinsurance recoverables "subject to RBC." 

An admitted reinsurance recoverable increases policyholders' surplus, and the provision for 
reinsurance reduces policyholders' surplus. If surplus has been reduced by the provision for 
reinsurance, there is no need to set a capital requirement for the collectibility of the 
reinsurance recoverables involved. Contrast the two scenarios below. 

If the primary company has a $1 million loss recoverable from a quick-paying authorized 
reinsurer, and if the recoverable is not90 days or more past due, the full $1 million offsets 
the gross loss reserve and increases policyholders' surplus. The RBC formula imposes 
a risk charge of $100,000 to guard against the possibility that the recoverable may not be 
collected. This risk charge is not the expected uncollectible amount, and it is not a 
minimum bound for this amount. The risk charge is the potential uncollectible amount in 
an (unanticipated) adverse scenario. 

If the primary company has a $1 million unsecured loss recoverable from an unauthorized 
reinsurer, the full $1 million is included in the provision for reinsurance. The loss 
recoverable does not increase policyholders' surplus, and there is no need for a risk 
charge to guard against potential collectibility problems in adverse scenarios. 

Reinsurance recoverables subject to RBC equal the total recoverables minus the provision 
for reinsurance (see Feldblum: RBC [1996]). Security held for reinsurance recoverables 
reduces the provision for reinsurance but it does not reduce the RBC risk charge on the 
secured recoverables. Ifthe primarycompanyhasa$1 million fullysecured loss recoverable 
from an unauthorized reinsurer, the full $1 million reduces the net loss reserve and increases 
policyholders' surplus. Even if the primary company is holding $1 million as funds withheld 
from the unauthorized reinsurer, it must hold an additional $100,000 of capital to satisfy the 
RBC risk charge. 29 

The ceding company is holding double security for 10% of the recoverables: the funds withheld from 
the reinsurer and the risk-based capital charge. This is excessive, since the security is greater than the total 
recoverable. The NAIC justifies this double charge by the disincentive that might otherwise occur to using 
authorized reinsurers. If secured receivables from unauthorized reinsurers had no risk-based capital charge, 
ceding companies might be tempted to reinsure their business with unauthorized reinsurers who provided full 
security; see Feldblum [RBC: 1996]. 
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The covariance adjustment in the property-casualty risk-based capital formula reduces the 
capital charge for reinsurance recoverables. The risk charges are grouped into six 
categories, R0 through Rs, and the covariance adjustment is a function of these risk 
categories. The 10% charge for reinsurance recoverables subject to RBC is included in the 
R3 (credit risk) category. Half the R3 charge is moved to the R4 (reserving risk) category 
before application of the covariance adjustment. 

The covariance adjustment reduces the individual category charges in inverse proportion to 
the size of the category charge. Alternatively stated, the post-covariance marginal effect of 
the risk charges is in direct proportion to the size of the charges in the risk category. 

Illustration: If the 9 4 charge is $100 million for a given company and the R3 charge is $20 
million, each dollar of R4 charge has approximately five times the effect on overall capital 
requirements as each dollar of R3 charge. If $1 is added to the R4 risk charge, the effect on 
overall capital requirements is about 5 times the effect of adding $1 to the R3 risk charge. 

For most companies, the reserving risk charge (R4) is large, so the reduction for covariance 
is small, while the credit risk charge (R3) is small, so the reducUon for covariance is large. The 
average reduction is about 90 to 95% for the credit risk charge and about 40 to 50% for the 
reserving risk charge, giving an overall reduction to the charge for reinsurance recoverables 
of about 45%. On average, the marginal risk-based capital charge for reinsurance 
recoverables is about 4.5% of the recoverables subject to RBC, not 10%. See Feldblum 
(RBC: 1996) for a more complete analysis of the effects of the covariance adjustment. 
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DECISION TREE 

Calculating the provision for reinsurance can be complex. The decision tree below shows the 
elements that affect the provision for reinsurance: 

i is reinsurer ,]. ~ 
/authorized? I ~ " -  r 

/ (Not just loss I ~ \ / / 
~ ~ r a b l e s )  ) ~ 

[ ] [ Are there °verdue 1 Recoverables (on Are there amounts 
Paid losses only)? In dispute? 

Is there 
Collateral? 

/ 
Subtotal: Provision for 

Reinsurance (20°/=/100%) 
Subtotal: Provision for 
Reinsurance (20%) 

Combination and Capping 

Total Provision 
For Reinsurance 

\ 
Subtotal: Provision for 
Reinsurance (20%) 

y 
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One objective of this paper is to assist in completion of the Annual Statement blank, so the text 
of this paper follows the format of the Schedule F exhibits. The exhibits are hard to follow, and 
the computation of the provision for reinsurance seems complex. In fact, there are only a half 
dozen decision rules, as the graphic above indicates. The following list summarizes these 
decision rules. 

1. If the reinsurer is not authorized, (i) there is no need to test for speed of payments, (ii) 
100% of unsecured recoverables are included in the provision for reinsurance, and (iii) 
we follow the left hand side of the decision tree graphic. (Only if the reinsurer is authorized 
do we test for the speed of payment.) 

2. If the reinsurer is not authorized, the provision for reinsurance is the sum of three parts: 

• 100% of the unsecured (total) recoverables 
• 20% of the loss recoverables more than 90 days past due 
• 20% of the amounts in dispute 

Security has no effect on the provision for reinsurance for loss recoverables more than 90 
days overdue and for amounts in dispute. 

3. The provision for reinsurance is capped by the amount of total recoverables. Part 5 of 
Schedule F has a three pronged capping procedure, of which the first two prongs are 
redundant. 

4. If the reinsurer is authorized, we test for speed of payment. 

5. If the authorized reinsurer is slow-paying, we treat the slowopaying authorized reinsurer like 
an unauthorized reinsurer, with three differences. 

• We use 20% of the unsecured total recoverables instead of 100% of the unsecured 
total recoverables. 

• Weusethegreaterof(i)20%oftheunsecuredtotalrecoverables(includingamounts 
in dispute) and (ii) 20% of the loss recoverables more than 90 days past due, not the 
sum of these two parts. There is no need for a capping procedure. 

• We do not examine amounts in dispute separately. 

6. If the authorized reinsurer is not slow-paying, the provision for reinsurance is the sum of: 

• 20% of the loss recoverables more than 90 days past due, and 
• 20% of the amounts in dispute. 
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Part 5: Unauthorized Reinsurers 

Part 5 of Schedule F calculates the provision for reinsurance with unauthorized companies. 
The provision consists of three parts: 

• 100% of unsecured (total) recoverables, 
• 20% of overdue loss recoverables, and 
• 20% of amounts in dispute. 

Before 1989, the statutory provision for reinsurance applied only to unsecured unauthorized 
reinsurance recoverables. In 1991, a provision for overdue recoverables from authorized 
reinsurers was added. Security, such as funds withheld and letters of credit, reduced the 
provision for reinsurance for total recoverables from unauthorized reinsurers, but it did not 
reduce the provision for reinsurance for loss recoverables over 90 days past due from 
authorized reinsurers. 

Between 1989 and 1991, the only statutory penalty for unauthorized reinsurance was for 
unsecuredtotal recoverables. The provision for recoverables more than 90 days past due 
from authorized reinsurers applied even if the recoverables were secured. Some authorized 
reinsurers claimed that they were being penalized more harshly than unauthorized reinsurers 
if all recoverables were secured. To avoid a possible disincentive to using authorized 
reinsurance, the provision for recoverables more than 90 days past due was added for 
unauthorized reinsurers as well. 

Recoverables in dispute are not considered overdue, since the cause for non-payment is 
uncertainty about the reinsurer's liability, not tardiness. Regulators noted that a ceding 
company could avoid the penalty for overdue recoverables by classifying the recoverables as 
"in dispute. "3° A provision of 20% of recoverables in dispute was therefore added in 1993. 

Penalty for Unsecured Recoverables 

Part 5 shows the following figures for unauthorized reinsurers. 

Column 5 shows total recoverables, consisting of net unearned premiums, all loss 
recoverables, and all commissions. This figure should agree with the corresponding 
entry in column 15 of Part 3 of Schedule F for unauthorized reinsurers. 

Columns 6 through 10 show the funds securing the recoverables, consisting of 

3o Written notification by the reinsurer that it disputed the claim is sufficient to classify the recoverable 
as an amount in dispute; actual litigation or arbitration proceedings are not necessary. 
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• funds held by the company under reinsurance treaties (column 6), 
• letters of credit (column 7), 
• ceded balances payable (column 8), 
• miscellaneous balances (column 9), and 
• other allowed offset items (column 10). 

Column 11 is the sum of columns 6 through 10. The amount of securitizing funds is capped 
at the amount of recoverables; that is, column 11 may not exceed column 5. Column 5 minus 
column 11, shown in column 12, is the amount of unsecured recoverables from unauthorized 
reinsurers. 

Securing agreements are not fail-safe. The subdivision by type of credit allows the reader to 
better analyze the types of securing funds held by the primary company on behalf of 
unauthorized reinsurers. 31 Funds withheld are better security than letters of credit, for several 
reasons: 

• The bank issuing the letter of credit may not renew its obligaUon if the reinsurer's financial 
condition deteriorates. 

Illustration: A reinsurer obtains a one-year letter of credit on February 1,20XX, when it 
is financially healthy. A hurricane in September 20XX produces severe losses for the 
reinsurer, and impairs its financial condition. Its old recoverables are secured by the letter 
of credit, and no provision for reinsurance is imposed on the 20XX Annual Statements of 
its reinsured companies. On February 1,20XX+I, the bankthat issued the letter of credit 
declines to renew it, leaving the ceding companies exposed to potential collectibility 
problems. 

Statutory accounting requires that the letter of credit be "evergreen" in order for it to offset 
the provision for reinsurance. That is, the letter of credit must contain a provision that the 
issuing bank may not decline to renew it as long as the recoverables remain outstanding. 

If a reinsurer with a letter of credit becomes insolvent, the bank that issued the letter of 
credit may claim that the letter of credit is invalidated by misrepresentations made by the 
reinsurer on the application. The ceding company must examine the letter of credit 
carefully to verify that it is not contingent upon the veracity of representations made by the 
reinsurance company. 

Overdue Recoverables 

3t For an example of potential problems with letters of credit, see Greene [1988]. Howard W. Greene, 
"Retrospectively-Rated Workers Compensation Policies and Bankrupt Insureds," Journal of Risk and 
Insurance, Volume 7, No. 1 (September 1988), pages 52-58. 
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The amount of overdue recoverables not in dispute are shown in column 13 of Part 5: 
"Recoverable paid losses and LAE expenses over 90 days past due not in dispute." 20% of 
recoverables that are more than 90 days past due are subject to a provision for reinsurance, 
whether or not they are secured. The number of days the recoverables are overdue is based 
on the aging schedule in Part 4 of Schedule F. 

The total provision for reinsurance may not exceed the total reinsurance recoverables. 
Schedule F implements this upper bound by specifying that the provision for recoverables 
more than 90 days past due may not exceed the amount of funds securitizing the total 
recoverables. 

Illustration: Suppose that there are $100 million of recoverables from an unauthorized 
reinsurer, $50 million of which are more than 90 days past due, and there are letters of credit 
totaling $5 million. The amount of unsecured recoverables is $100 mil l ion- $5 million = $95 
million, and twenty percent of the overdue amount is $10 million. Without the cap, the total 
provision for reinsurance would be $105 million, which is unreasonable since the total 
recoverables are only $100 million. The penalty for overdue recoverables is therefore limited 
to the amount of securitizing funds, so the total penalty in this case is $100 million (= $95 
million + $5 million). 32 

The provision is shown in columns 14 and 15. Column 14 shows 20% of the recoverables 
more than 90 days past due in column 13. Column 15 shows the "smaller of col. 11 (= total 
security) or col. 14." 

Amounts in Dispute 

Amounts in dispute are not included in column 13 (the recoverables more than 90 days past 
due), but they are included in column 5 (the total recoverables). "Dispute" is defined as 
litigation, arbitration, or notification, where notification means "a formal written communication 
from a reinsurer denying the validity of coverage" (NAIC Annual Statement Instructions and 
SSAP No. 62). The treatment of amounts in dispute is the same as the treatment of loss 
recoverables more than 90 days past due: 20% of the amounts in dispute are included in the 
provision for reinsurance. 

As is true for loss reecoverables more than 90 days past due, the provision for reinsurance for 
amounts in dispute is limited by the amount of securing funds. The penalty is shown in column 
16: "Smaller of col. 11 or 20% of amount in dispute included in col. 5." (Column 11 is the 
amount of securing funds.) 

32 By limiting the provision for reinsurance for overdue amounts to the amount of security, the total 
provision for reinsurance is limited to the total recoverables. 
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Security does not offset the provisions for amounts in dispute or for recoverables more than 
90 days past due. Security guarantees that insolvency of the reinsurer will not prevent 
payment of the claim. 

• If the reinsurer does not admit liability for the claim, the security is not applicable to that 
claim. 

• If the recoverable is more than 90 days past due, we presume that the reinsurer may 
deny liability for the claim, rendering the security worthless. 

Column 17 shows the sum of the three provisions: unsecured total recoverables, 20% of 
recoverables more than 90 days past due, and 20% of amounts in dispute. This sum is 
limited by the total recoverables. Column 17 reads: 

"Total provision for unauthorized reinsurance: smaller of column 5 (= total recoverables) or 
columns 12 + 15 + 16 (= the sum of the three provisions for reinsurance). "= 

• Column 5 is the total recoverables. 
• Column 12 is the unsecured recoverables. 
• Column 15 is 20% of the recoverables more than 90 days past due. 
• Column 16 is 20% of the amounts in dispute. 

This penalty is carded to footnote (6) of Part 7: "Provision for unauthorized reinsurance: 
Schedule F - Part 5, column 17 x 1000." Part 5 of Schedule F is in thousands of dollars 
whereas the provision for reinsurance is in dollars, so Part 5, column 17 is multiplied by a 
factor of 1000. 

The limitation in column 17 makes the limitations in columns 15 and 16 redundant. Schedule F grew 
incrementally, with different provisions being added one by one. Sometimes the final calculation makes an 
intermediate step unnecessary. 
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ILLUSTRATIONS 

The provision for reinsurance is a fixed formula that is easily applied. The chart below shows 
several examples. Figures are in thousands of dollars. 

Reinsurer: A B C 

1. Total Recoverables $1,000 $1,000 $1,000 

2. Securing Funds $0 $1,200 $600 

3. Provision for reinsurance (#1) $1,000 $0 $400 

4. Recoverables > 90 days due $200 $200 $200 

i 5. Provision for reinsurance (#2) $40 $40 $40 

6. Amounts in dispute $100 $100 $100 

7. Provision for reinsurance (#3) $20 $20 $20 

8. Total provision for reinsurance (uncapped) $1,060 $60 $460 

9. Total provision for reinsurance (capped) $1,000 $60 $460 

0 Line 1 includes unearned premium reserves, contingentcommissions, loss recoverables 
on paid losses, and loss recoverables on unpaid losses. 

0 Line 2 includes all securing funds. The offset is limited to the total recoverables from that 
reinsurer. Securing funds from one reinsurer can not offset the provision for reinsurance 
for another reinsurer. 

0 Line 3: The first provision for reinsurance is the unsecured total recoverables, bounded 
below by $0. 

0 Line 4 shows loss recoverables more than 90 days past due. 

• Line 5: The second provision for reinsurance is 20% of the loss recoverables more than 
90 days past due. Part 5 of Schedule F applies the capping procedure three times, 
beginning with this line. The chart applies the capping procedure a single time at the end. 

• Line 6 shows the amounts in dispute. The amounts in dispute are also included in line 1, 
the total recoverables. The recoverables on line 1 are offset by securing funds. The 
amounts in dispute on line 6, like the loss recoverables more than 90 days past due, are 
not offset by securing funds. 

Page 37 
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$ Line 7: The third provision for reinsurance is 20% of the amounts in dispute. 

0 Line 8: The total provision for reinsurance is the sum of the three pieces on lines 3, 5, & 7. 

0 Line 9: The total provision for reinsurance is capped bythe amountof total recoverables. 
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Part 6: Overdue Authorized Reinsurance 

Part 6 of Schedule F calculates the statutory provision for recoverables more than 90 days 
past due from authorized reinsurers that are not  classif ied as slow-paying. ~ ~ 

Recoverables that are more than 90 days past due are treated equally among all reinsurers, 
whether authorized or unauthorized and whether slow-paying or not slow-paying. The 
provision for reinsurance is 20% of these amounts, and security has no effect on the statutory 
liability. With regard to other recoverables, authorized reinsurers are similar to unauthorized 
reinsurers only if they are slow-paying authorized reinsurers, though their provision for 
reinsurance is 20% of the total unsecured recoverables, not 100% of the total unsecured 
recoverables. 

The percentage of loss recoverables more than 90 days past due is calculated for each 
authorized reinsurer. This percentage is the ratio of the following two amounts: 

• loss recoverables more than 90 days overdue to 
• all recoverables on paid losses and loss adjustment expenses plus amounts received 

in the last 90 days of the statement year. 

This "overdue ratio" is shown in column 7. If the ratio is 20% or greater, the reinsurer is 
classified as slow-paying; otherwise, the reinsurer is not slow-paying. = 

The dataused to calculate this ratio are reported in columns 4, 5, and 6. Recoverables on 
paid losses and LAE that are more than 90 clays past due are shown in column 4 and total 
recoverables on paid losses and LAE are shown in column 5. Amounts in dispute are 
excluded from both the overdue recoverables and from the total recoverables. The 
recoverables more than 90 days past due in column 4 of Part 6 equal the sum of the entries 
in Part 4, column 8 ["91 to 120 days overdue"] and Part 4, column 9 ["Over 120 days overdue"] 

The Annual Statement provides no term to differentiate slow-paying authorized reinsurers. Robert 
Graham has noted to me that the industry advisory committee to the NAIC reinsurance study group used the 
term "triggering company" to indicate a company that exceeds the 20% test and triggers an additional statutory 
provision for reinsurance. 

s5 The subtitles for Parts 6 and 7of Schedule F are not helpful for understanding their content. The Part 
6 subtitle reads "provision for overdue authorized reinsurance," and the Part 7 subtitle reads =provision for 
overdue reinsurance." From the Annual Statement Instructions and the column captions, the reader can 
discern that authorized reinsurer that are slow-paying are included in Part 7 and authorized reinsurers that are 
not slow-paying are included in Part 6. 

as If the overdue ratio is exactly 20%, the reinsurer is classified as slow-paying. 
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minus the amounts in dispute [see footnote (a) in Part 6]. The total recoverables in column 5 
of Part 6 equal the sum of the entries in Part 3, column 7 ["Recoverables on paid losses"] and 
Part 3, column 8 ["Recoverables on paid LAE"] minus the amounts in dispute [see footnote 
(b) in Part 6]. 

The recoverables received in the last 90 days of the statement year, as reported in column 6, 
are not shown elsewhere in the Annual Statement. 

ILLUSTRATION." Suppose that 

• The primary company collected $15 million in loss and loss adjustment expense 
payments from a reinsurer between October 1,20XX, and December 31,20XX. 

• The remaining recoverables on paid losses and loss adjustment expenses on 
December 31,20XX from this reinsurer are $75 million. 

• Of these recoverables, $25 million are more than 90 days past due. 

The ratio in column 7 of Part 6 is [$25 million + ($75 million + $15 million) ] = 27.78%. This 
reinsurer would be classified as slow-paying. 

INCENTIVES 

The purpose of including the "amounts received in the prior 90 days" in the denominator of the 
test ratio described above is to avoid discouraging the settlement of reinsurance claims. 
Suppose that on December 15, a primary company has $10 million of recoverables on paid 
losses from a reinsurer. Half of the recoverables ($5 million) are for routine claims; none of 
these is more than 90 days overdue. Half of the recoverables are for more complex claims. 
Of these, $1.5 million are more than 90 days overdue. 

In this scenario, only 15% of the recoverables are more than 90 days overdue. On December 
15, the reinsurer would not be classified as slow-paying. Now suppose that the reinsurer, 
seeking to settle its accounts by the end of the year, pays $5 million to the primary company 
to settle the routine claims in the last two weeks of December. It leaves $5 million of 
recoverables of which $1.5 million are more than 90 days past due, for a 30% overdue ratio. 

This is a common scenario, since many companies settle routine accounts by year end. By 
speeding up the payments on the routine claims, the reinsurer moved from a 15% overdue 
ratio to a 30% overdue ratio. The ceding company would prefer to delay the settlement of 
these claims to avoid the provision for reinsurance and the reduction in policyholders' surplus. 

To encourage companies to settle reinsurance accounts, the NAIC incorporated the "amounts 
received in the prior 90 days" in the denominator of the test ratio. Payment of claims during 
the final quarter of the statement year may have a beneficial effect on the test ratio if some of 
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these claims would have been more than 90 days past due by year end. Payment of claims 
in the fourth quarter of the statement year can not have an adverse effect on the test ratio. 

ILLUSTRAnON:The primary company has $10 million of recoverables on paid losses and LAE 
from a reinsurer on December 15, of which $2.5 million are more than 90 days past due. This 
reinsurer would be classified as slow-paying on December 15. In the last two weeks of 
December, the reinsurer pays $5 million to settle claims, including $1 million of claims that are 
more than 90 days past due. The overdue ratio at December 31 is $1.5 million / $10 million 
or 15%, and the reinsurer is no longer classified as slow-paying. 

For reinsurers that are not slow-paying, the provision for reinsurance is 20% of the 
recoverables that are more than 90 days past due plus 20% of the amounts in dispute that are 
more than 90 days past due. The column entries in Part 6 of Schedule F are as follows. For 
reinsurer that are notslow-paying, the amounts in column 4 are carried to column 8. The 
amounts in dispute that are not included in the column 4 total recoverables are shown in 
column 9. Twenty percent of the column 9 amount is reported in column 10. To this figure is 
added 20% of the amount in column 8, and the sum is reported in column 11. This penalty is 
carried to footnote (3) on Part 7. 

There is no provision for reinsurance for amounts in dispute that are not yet 90 days past due. 
A more accurate statement of the provision for reinsurance for authorized reinsurers that are 
not slow-paying would be "20*/. of the loss recoverables more than 90 days past due whether 
or not they are in dispute. "3r 

Since Part 6 includes only authorized reinsurers that are not slow-paying, there is no provision 
for unsecured total recoverables. The amount of security is not relevant for authorized 
reinsurers that are not slow-paying, since security has no effect on the provision for overdue 
recoverables or for amounts in dispute. There is no "capping" procedure on the total provision 
for reinsurance, since there is no provision for total recoverables. 

37 It is not clear if the regulators who designed Schedule F intended any provision for reinsurance for 
amounts in dispute that are not yet 90 days past due, The comments in the text follow the wording of the 
Schedule F exhibits. 
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Part 7: Slow-Paying Authorized Reinsurers 

Reinsurers that are slow-paying are treated like unauthorized reinsurers, except that the 
statutory penalty is the greater of 20% of the unsecured recoverables and 20% of the 
recoverables that are more than 90 days past due, not the sum of these two amounts. 

For slow-paying authorized reinsurers, the unsecured recoverables include amounts in 
dispute. For unauthorized reinsurers and for authorized reinsurers that are not slow-paying, 
security does not offset the provision for reinsurance for amounts in dispute, since the security 
does not apply unless the reinsurer admits that it is required to pay the claim. For authorized 
reinsurers that are classified as slow-paying, security has the same effect on amounts in 
dispute as on other recoverables. We offer no rationale for this; it may be an oversight in the 
present format of Schedule F. 

The calculations are shown in Part 7 of Schedule F. Columns 4 through 11 have the same 
format as columns 5 through 12 of Part 5, which computes the provision for reinsurance for 
unauthorized reinsurers. Column 11 of Part 7 shows the unsecured total recoverables for 
slow-paying authorized reinsurers, just as column 12 of Part 5 shows the unsecured total 
recoverables for unauthorized reinsurers. For slow-paying authorized reinsurers, only 20% 
of this amount is included in the provision for reinsurance. The 20% factor is applied in 
footnote 2, not in the column entries. 

Column 11 of Part 7 is the total unsecured recoverables and column 12 is the "greater of 
column 11 or Schedule F, Part 4, columns 8 and 9." Part 4, columns 8 plus 9, is the loss 
recoverables that are more than 90 days past due. The column 12 total is carried to footnote 
(1), 20% of which is carried to footnote (2). Footnote (2) is the provision for slow-paying 
authorized reinsurers. 
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The Provision for Reinsurance 

The footnotes in Part 7 show the provisions for reinsurance. 

• Footnote 2 shows the provision for slow-paying authorized reinsurers. 
• Footnote 3 shows the provision for authorized reinsurers that are not slow-paying. 
• Footnote 4 shows the total provision for authorized reinsurers [= footnotes 2 + 3]. 
• Footnote 5 shows the provision for unauthorized reinsurers. 
• Footnote 6 shows the total provision for reinsurance [= footnotes 4 + 5], which is carried 

to page 3, line 15. 

OTHER ESTIMATES 

The statutory penalty is a minimum. If the primary company believes that the uncollectible 
recoverables are more than the statutory provision for reinsurance, it should hold the larger 
amount instead of the provision for reinsurance. 

The change in the provision for reinsurance is a direct charge or credit to surplus on line 26 
of page 4; it does not flowthrough the statutory income statement. If the company books a 
liability in excess of the provision for reinsurance because it believes that the uncollectible 
amount is greater than the provision for reinsurance, the excess amount flows through the 
statutory income statement. See page 22 for a complete discussion of this topic. 

RESIDUAL MARKETS 

The NAIC Instructions regarding Part 4 note that "all recoverables from mandatory pools 
should be reported.., as being current." Servicing carriers for residual market pools, asare 
used for workers' compensation, commercial automobile, and Massachusetts personal 
automobile, cede the involuntarily written business to the pool. Pools are often slow payers, 
since they may make only quarterly transactions with servicing carriers and with pool 
members. The servicing carriers may find that much of the recoverables are more than 90 
days past due and would lead to a provision for reinsurance on the statutory financial 
statements. This would be a disincentive for insurers to act as servicing carriers, thereby 
exacerbating availability problems in these lines of business. To avoid such problems, the 
NAIC imposes no statutory reinsurance penalties for business ceded to residual market pools. 

729 



Part 8: Restatement of Balance Sheet 

Part 8 of Schedule F was added with the 1992 Annual Statement. This exhibit is the statutory 
counterpart to the accounting changes made by SFAS 113, "Accounting and Reporting for 
Reinsurance of Short-Duration and Long-Duration Contracts," issued in December 1992. 

Page 3 of the NAIC statement, the statutory balance sheet, is on a "net of reinsurance" basis. 
Line 1 of page 3, "losses," shows the loss reserves net of reinsurance recoverable on unpaid 
losses. Line 9 of page 3, "unearned premiums," is net of unearned premiums for ceded 
reinsurance.~ 

An insurer with a $1,000,000 unpaid loss which is fully reinsured shows a net unpaid loss 
liability of $0 on line 1 of page 3. But reinsurance arrangements rarely reduce an insurer's 
legal liability to claimants. The insurer's obligation to the claimant is independent of the 
reinsurance transaction. 

SFAS 60, which controlled reinsurance accounting on GAAP financial statements until 1993, 
used the same offsetting of reinsurance recoverables with direct business as statutory 
accounting uses. SFAS 113, which controls reinsurance accounting after 1992, requires that 
the insurer show the full $1,000,000 loss reserve liability, along with a corresponding 
$1,000,000 asset for the anticipated reinsurance recoverables. This enables readers of the 
financial statements to differentiate between 

• A $0 net loss liability consisting of a $0 direct loss liability and a $0 recoverable, and 
• A $0 net loss liability consisting of a $1,000,000 direct loss liability and a $1,000,000 

reinsurance recoverable. 

The statutory balance sheet on page 3 of the Annual Statement remains on a net basis. Part 
8 of Schedule F shows a restated balance sheet on a gross of reinsurance basis, with the net 
amount due from reinsurers combined into a single asset. 

Part 8 of Schedule F changes the format of the balance sheet to the GAAP format. The 
reinsurance recoverables are assets, not contra-liabilities. The content of the entries remains 
the statutory content; the provision for reinsurance remains on the balance sheet. 

In 1992, Line 10 of page 2, "Agents' balances," showed the balances due from agents net of ceded 
premium balances due to reinsurers. The 2001 codification changes separated the direct agents' balances 
asset from the reinsurance balances liability, which is now shown separately on line 11 of page 3. 
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An Illustration 

Statutory accounting for reinsurance can be complex. Let us follow a simplified reinsurance 
transaction to illustrate the effects on page 2, page 3, and Schedule F, Part 8. 

Suppose an insurer writes a commercial automobile policy with a $10,000 premium on 
December 31,2001, and includes the contract under its 40% quota share reinsurance treaty 
with a non-affiliated authorized reinsurer. It incurs one loss for $5,000 on October 1,2002, 
which it pays on July 1,2003. It collects the recoverable from its reinsurer on March 1,2004. 
For simplicity, assume that all premium is paid on the policy effective date, the primary 
company incurs no expenses, and there is no reinsurance commission on this treaty. 

FIRST YEAR - UNEARNED PREMIUMS 

On December 31,2001, the primary company collects $10,000 from the insured and pays 
$4,000 to the reinsurer. In its 2001 Annual Statement, the company shows $10,000 of direct 
premiums in the "Underwriting and Investment Exhibit," Part 2B, "Premiums Written," column 
1. It shows $4,000 of ceded premium in column 5 of Part 2B. The "net premium written" in 
column 6 of this exhibit is $10,000 - $4,000, or $6,000. 

Since the earned premium on December 31,2001 is $0, the unearned premium reserve is 
$10,000 gross of reinsurance and $6,000 net of reinsurance. The net unearned premium 
reserve is carried to page 8, Part 2A, "Recapitulation of all Premiums," and to page 7, Part 
2, "Premiums Earned." 

SECOND YEAR -- LOSS RESERVES 

On December 31,2002, the entire policy premium has been eamed, so both the gross and 
the net unearned premium reserves are $0. Since a $5,000 loss was incurred on October 1, 
2002, and remains unpaid as of December 31,2002, there is a gross loss reserve of $5,000. 
The primary company has a 40% quota share treaty, so the net of reinsurance loss reserve 
is $3,000. 

In Schedule P, Part 1C the company shows: 

a $10,000 of "direct and assumed" earned premium in column 2, 
• $4,000 of ceded eamed premium in column 3, and 
• $6,000 of net earned premium in column 4. 

It shows $5,000 of"direct and assumed" case basis losses unpaid in column 13, and $2,000 
of ceded unpaid losses in column 14. The net unpaid loss is $3,000. 
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Page 11, Part 3A, "Unpaid losses and loss adjustment expenses," shows the direct loss 
reserve of $5,000 in column 1, the ceded loss reserve of $2,000 in column 3, and the net loss 
reserve of $3,000 [ = $5 ,000-  $2,000 ] in column 4. The net loss reserve flows through to the 
"Underwriting and Investment Exhibit," Page 10, Part 3, "Losses paid and incurred," column 
5, "net losses unpaid current year." 

THIRD YEAR - PAID LOSSES 

On December 31,2003, the primary company has paid $5,000 to the claimant, but it has not 
yet recovered any money from the reinsurer. Both the direct and ceded loss reserves on Part 
3A of the "Underwriting and Investment Exhibit ' (columns 1 and 3, respectively) are set to 
zero. Part 3 of the "Underwriting and Investment Exhibit," column 1, "losses paid less salvage 
on direct business," shows $5,000, while column 3, "reinsurance recovered," shows $2,000. ~ 
The reinsurance recoverable appears as an asset on page 2, line 14, "Reinsurance 
recoverable on loss and loss adjustment expense payments," not as a contra-liability. 

The gross of reinsurance unearned premium reserve is not shown on these exhibits. The 
gross of reinsurance loss reserve may be determined from Schedule P, except that the 
Schedule P definition of reinsurance differs from the Schedule F definition of reinsurance. 4° 

3g The "reinsurance recovered" entry is the full recoverable, even though there has been no cash 
transaction. James Anastasio, Vice President and Treasurer at the American Re-Insurance Company, explains 
that: 

Insurance accounting dictates that an entry be made to reflect the reinsurance recovered regardless of the 
fact that the cash has not been received. In lieu of cash, a receivable asset is created called "reinsurance 
receivable on losses and loss adjustment expenses. 

Once the entry is posted to reflect this "reinsurance recovered," the contra-liability"reinsurance recoverable on 
unpaid losses" in the amount of $2,000 is taken down. 

Insurance uses accrual accounting. The occurrence of a loss is an income statement debit, not the payment 
of the loss. When the loss occurs, the net (of reinsurance) loss reserve is the income statement debit. When 
the direct loss is paid to the claimant, the loss reserve becomes a paid loss and the offsetting contra-liability 
called reinsurance recoverable on unpaid losses becomes a reinsurance recovered; there is no effect on the 
income statement. When the recoverable is collected, the asset called reinsurance recoverable on paid losses 
becomes an asset called cash; there is no effect on the income statement. 

40 When an insurance group has an intercompany pooling agreement among affiliated carriers, Schedule 
P treats the premiums and losses as direct business, not as ceded and assumed business, regardless of 
which company's paper the business is written on. Schedule F, however, treats the business as ceded and 
assumed, depending on which company issued the policy. Other exhibits in the Annual Statement follow the 
Schedule F definition, not the Schedule P definition. 

The net figures in Schedule P equal the net figures elsewhere in the Annual Statement, but the "direct and 
assumed" and the "ceded" figures do not necessarily equal the corresponding figures in other exhibits. For 
instance, the "net earned premium" in the Schedule P, Part 1 Summary, column 4, line 11 [ = current year] 
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FOURTH YEAR - REINSURANCE RECOVERIES 

By December  31,2004,  the pr imary company has received payment  from the reinsurer. The 
page 2 asset, "Reinsurance recoverable on loss and loss adjustment expense payments," is 
el iminated, having been replaced by cash (or other assets). 

This il lustration is used below to explain the entries in the Schedule F, Part 8 exhibit. 

THE PART 8 EXHIBIT 

Schedule F, Part 8, "Restatement of Balance Sheet  to Identify Net Credit for Reinsurance," 
al lows the Annual Statement user to see the effects of ceded reinsurance transactions on the 
company's balance sheet. All i tems from pages 2 and 3 are carried to this exhibit, though only 
the lines most  relevant to reinsurance transactions are shown separately. Other lines are 
combined as "other assets" (line 5 in Schedule F, Part 8) and "other liabilities" (line 15 in 
Schedule F, Part 8). 

Cessions to an involuntary pool or a joint underwrit ing associat ion are not shown in Part 8. 
These are programs mandated by state governments to provide coverage for risks that might 
not otherwise be insured by private insurers. The uncollectibil i ty risk is assumed to be 
insignificant, since the liabilities of the pools are backed by state assessments on all 
insurance companies writing business in the state for the line of business handled by the pool. 

The involuntary pools for certain lines of business have been large in some years. In the latter 
half of the 1980's, shortly before Part 8 of Schedule F was formed, the workers' compensation 
reinsurance pools covered over  25% of the total business in some states. Including the 
involuntary cessions in Part 8 of Schedule F would have masked the effects of voluntary ceded 

should equal the net premiums earned in the current year on page 7, "Underwriting and Investment Exhibit," 
Part 2, "Premiums Earned,' column 4, line 34 [ = totals]. The net losses unpaid excluding loss adjustment 
expenses in the "Underwriting and Investment Exhibit," Part 3A, column 8, line 34 ('totals') should equal the 
net losses unpaid from the Schedule P, Part 1 Summary, line 12 ("totals'), columns 13 - 14 + 15 - 16. But 
the component pieces, the "direct and assumed" and the "ceded," may not correspond between Schedule P 
and the "Underwriting and Investment Exhibit" if there is an intercompany pooling agreement among affiliated 
carriers. In other words, Schedule P, columns 14 + 16 may not equal the =Underwriting and Investment 
Exhibit," Pert 3B, columns 1 + 2 + 5 + 6. Similady, Schedule P, columns 14 + 16 may not equal the 
"Underwriting and Investment Exhibit," Part 3A, columns 3 + 7. According to the Annual Statement Instructions 
to the "Underwriting and Investment Exhibit," the Part 3A, column 3 totals ('reinsurance recoverable from 
authorized and unauthorized reinsurers") should equal the Schedule F, Part 3, column 9 totals (=reinsurance 
recoverables on known case loss reserves"), and the Part 3A, column 7 totals ("ceded IBNR losses") should 
equal the Schedule F, Part 3, column 11 totals ("reinsurance recoverable on IBNR loss reserves'). There are 
no such references to the ceded amounts in Schedule P. For further discussion, see Sholom Feldblum, 
"Completing and Using Schedule P," Third Edition, in Regulation and the Casualty Actuary, edited by Sholom 
Feldblum and Gregory Krohm (NAIC, 1997); revised Fourth Edition [2002] available in electronic form on the 
CAS web site. 

733 



reinsurance. The voluntary reinsurance, which has potential collectibility problems, is the 
important component of the Part 8 disclosure. 

Schedule F, Part 8, has the entries shown below. The 'Item" numbers refer to the line 
numbers on pages 2 and 3 of the Annual Statement (the statutory balance sheet). Column 3 
of page 2 shows the net admitted assets, or the total assets minus the non-admitted assets. 

Restatement of Balance Sheet to Identify Net Credit for Reinsurance 

ASSETS (Page 2, column 3) 

1. Cash and invested assets (Item 9) 
2. Agents' balances or uncollected premiums (Item 10) 
3. Funds held by or deposited with reinsured companies (Item 11 ) 
4. Reinsurance recoverables on loss and LAE payments (Item 14) 
5. Other assets (Items 11 and 12 and 15 through 24) 
6. Net amount recoverable from reinsurers 

7. Totals (Item 25) 

LIABILITIES (Page 3) 

8. Losses and loss adjustment expenses (Items 1 through 3) 
9. Taxes, expenses, and other obligations (Items 4 through 8) 
10. Unearned premiums (Item 9) 
11. Dividends declared and unpaid (Items 10.1 and 10.2) 
12. Funds held by company under reinsurance treaties (Item 12) 
13. Amounts withheld or retained by company for account of others (Item 13) 
14. Provision for reinsurance (Item 15) 
15. Other liabilities (Items 14 and 16 through 22) 

16. Total Liabilities (Item 23) 

17. Surplus as regards policyholders (Item 32) 

18. Totals (Item 33) 

For each entry, there are three columns: 

1. As Reported (net of ceded) 
2. Reinsurance Adjustments 
3. Restated (gross of ceded) 
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PURPOSE OF PART 8 

Part 8 of Schedule F shows the net effect of ceded reinsurance transactions on the statutory 
balance sheet. The balance sheet itself shows various entries relating to ceded reinsurance, 
some of which are placed on separate lines and some of which are offsets to gross figures. 
Part 8 consolidates all the entries into a single asset, termed "net amount recoverable from 
reinsurers." 

There are four types of adjustments made in Part 8 of Schedule F: 

Some asset entries remain an asset entry, though the name is changed. For instance, the 
asset called "reinsurance recoverables on loss and LAE payments" is shifted into "net 
amount recoverable from reinsurers." 

Contra-liabilities resulting from ceded reinsurance are changed into assets. For instance, 
the reinsurance recoverable on unpaid losses, which is an offset to unpaid losses on page 
3 of the Annual Statement, is added to the "net amount recoverable from reinsurers." 

• Liabilities stemming from ceded reinsurance, such as the"funds held by company under 
reinsurance treaties," are offsets to the "net amount recoverable from reinsurers." 

On the statutory balance sheet, the provision for reinsurance counter-balances the assets 
or contra-liabilities stemming from ceded reinsurance. On Part 8 of Schedule F, the 
provision for reinsurance reduces the "net amount recoverable from reinsurers." 

The adjustments are described individually below, and an illustration is provided towards the 
end of this paper. 

GAAP and Statutory Accounting 

Statutory accounting shows unpaid losses and uneamed premium reserves net of reinsurance 
recoverables on the balance sheet. SFAS 60 used the same procedure for GAAP financial 
statements until 1993. 

SFAS 113, paragraph 3, citing APB Opinion No. 10, Omnibus Opinion -1966, paragraph 
7 states, "It is a general principle of accounting that the offsetting of assets and liabilities in 
the balance sheet is improper except where a right of setoff exists." The criteria for offsetting 
are specified in FASB Interpretation No. 39, "Offsetting of Amounts Related to Certain 
Contracts." SFAS 113 notes that "those criteria include the requirement that the reporting 
party have the legal right to set off the amount owed to one party with an amount receivable 
from that same party." 
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SFAS 113, paragraph 14, explains that: 

reinsurance contracts in which a ceding enterprise is not relieved of the legal liability to 
its policyholder do not result in removal of the related assets and liabilities from the 
ceding enterprise's financial statements. Ceding enterprises shall report estimated 
reinsurance receivables arising from those contracts separately as assets. Amounts 
paid to the reinsurer relating to the unexpired portion of reinsured contracts (prepaid 
reinsurance premiums) also shall be reported separately as assets. 

GAAP financial statements now show two balance sheet items: 

• unpaid losses and unearned premium reserves gross of reinsurance recoverables on 
the liability side of the balance sheet and 

• the total recoverables from reinsurers on paid losses, unpaid losses, and unearned 
premium reserves on the asset side of the balance sheet. 

NAIC Statement of Statutory Accounting Principles 62, Property & Casualty Reinsurance, 
section on =Accounting for Prospective Reinsurance Agreements" keeps the offsetting 
procedure. Paragraph 26 says: 

Reinsurance recoverab/es on paid losses shall be reported as an asset, reinsurance 
recoverables on loss and loss adjustment expense payments, in the balance sheet. 
Reinsurance recoverables on unpaid case-basis and incurred but not repotted losses 
and loss adjustment expenses shall be netted against the liability for gross losses and 
loss adjustment expenses. 

The justification for retaining the net accounting procel:lures was to avoid a major change in 
statutory balance sheets. Many insurance accountants consider the GAAP procedure a more 
informative presentation of the company's financial position. Schedule F, Part 8 shows the 
statutory balance sheet as it would look if offsetting were not permitted. 

The balancing item in Part 8 of Schedule F, "Net amount recoverable from reinsurers," is lower 
than the corresponding entry on the GAAP financial statements by the amount of the provision 
for reinsurance minus the GAAP prevision for uncollectible reinsurance recoverables. In this 
sense, the provision for reinsurance is a non-admitted asset. 
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Restatement of Liabilities 

We begin with the "Liabilities" section of this exhibit. Line 8, "losses and loss adjustment 
expenses (Items 1 through 3 of page 3)," may be illustrated with the commercial auto example 
above. Column 1 of Part 8 shows the net of reinsurance amounts that are reported on page 
3. Column 2 of Part 8 shows the required adjustment to exclude the effects of ceded 
reinsurance. Column 3 of Part 8 shows the gross of reinsurance amounts. 

In the example given earlier, for the 2002 statement, the net 2002 losses unpaid of $3,000 
would be shown in the first colum n, the ceded amount of $2,000 would be shown in the second 
column, and the gross amount of $5,000 would be shown in the third column. The figures in 
column 2 for these lines are generally positive amounts, since only ceded reinsurance (not 
assumed reinsurance) is considered. 41 

Line 10 ("item 9"), "Uneamed premiums," is similar. In the commercial auto example, for the 
2001 statement, the net 2001 unearned premium reserves of $6,000 would be shown in the 
first column, the ceded amount of $4,000 would be shown in the second column, and the gross 
amount of $10,000 would be shown in the third column. 

Item 12, "Funds held by company under reinsurance treaties," and item 15, "Provision for 
reinsurance," are positive liabilities on page 3. If the company had no ceded reinsurance, it 
would have zeros on these lines. Column 2 of this exhibit therefore has negative amounts 
which fully offset any positive amounts in column 1, leaving zeros in column 3. 42 

Items 12 and 15 have similar treatment, but they are different types of entries. Item 12 is a real 
liability. The funds are owned by the reinsurance companies, though they are held by the 
ceding company. The ceding company shows a liability for the amounts which it holds but are 
owned by other parties, similar to the liability shown on line 13 of page 3. 

Item 15 represents a statutory liability. The provision for reinsurance is not owed to a third 
party. It represents a statutory adjustment to cancel other assets or contra-liabilities that are 
not admitted assets on the statutory balance sheet. 

41 Insurance accounting differs among companies, and there are numerous exceptional situations that 
do not conform with the general rules presented here. There are companies which show negative amounts in 
some of these cells. Similarly, few of the general rules mentioned later in the text are true for all companies. 

42 The NAIC Annual Statement Instructions say that these liabilities become offsets to the overall asset 
"net amount recoverable from reinsurers." In other words, the full amount in column 1 is reversed in column 
2. Since line 6, "net amount recoverable from reinsurers," is a balancing item, they are "offsets" to line 6. 
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Item 13, "amounts withheld or retained by company for account of others," does not relate to 
reinsurance. These are funds which the reporting company owes to other parties. Two 
common examples are FICA taxes at the end of the year and uncashed checks to claimants. '~ 

An employer pays FICA taxes to the U.S. Treasury on the earnings of its employees. The 
FICA taxes are deposited within 15 days of the end of the month into a commercial bank 
or other depository institution to cover the payroll of that month. At the end of December, 
the reporting company still holds the cash in its own accounts, but it owes the money to the 
Treasury (for the benefit of its employees). A liability for the amount of the December FICA 
taxes is shown on line 13 of page 3. 

If a claimant does not cash a claim check drawn by the insurance company, the company 
must eventually remit the funds to the state. At the end of December, the reporting 
company may have various uncashed claim checks, but it has not yet remitted the funds 
to the state. A liability for these funds is shown on line 13 of page 3. 

These funds are unrelated to ceded reinsurance, and it is unclear why line 13 of page 3 is 
broken out separately on Part 8 of Schedule F. The prominent display of this line is confusing 
to insurance accountants. Readers of the Annual Statement would be better served if this line 
were subsumed under the "other liabilities" entry in Part 8 of Schedule F. 

The other lines in the liabilities section of this exhibit are less commonly used, though the 
analyst must consider any additional effects of reinsurance treaties. For example, the 
policyholder dividends declared and unpaid may be changed if a proportional reinsurance 
treaty contributes a percentage of the dividend. 

For line 17, "surplus as regards policyholders," column 2 is "X-ed out." On page 3, surplus 
is the balancing item; that is, it is the difference between reported assets and reported 
liabilities. In Schedule F, Part 8, line 6, "net amount recoverable from reinsurers," is the 
balancing item. Policyholders' surplus does not change. The Part 8 exhibit changes the 
accounting presentationof the company's balance sheet. It does not change the overall result 
of the balance sheet. 

Restatement of Assets 

43 D. Keith Bell, "Other Liabilities, Capital and Surplus," in Insurance Accounting and Systems 
Associations, Inc., Property-Liability Insurance Accounting (Durham, NC, 1994), chapter 6, page 6-9, describes 
the two major components of this liability: 

t Deductions from employees or agents for payroll taxes, group insurance premiums, pensions, and 
similar items. 

• Policyholder or claimant funds held by the company (e.g., uncashed checks). 
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Line 4, "reinsurance recoverable on loss and loss adjustment expense payments (item 14 of 
page 2)," relates to ceded reinsurance. =The column 1 entry is offset by a negative entry in 
column 2, leaving a zero in column 3. Part 8 is transferring the asset from a recoverable on 
paid losses to part of the total recoverable from reinsurers. 

Line 3, "funds held by or deposited with reinsured companies (item 11 of page 2)," relates to 
assumed reinsurance, not ceded reinsurance. These are the funds owned by the reporting 
company (whose Annual Statement we are considering) but held by its reinsured companies. 
This entry has nothing to do with the ceded reinsurance transactions of the reporting company. 
Most companies show a zero in column 2 for this line. No other entry makes sense; there is 
no Annual Statement Instructionforthis line. The separate display of this line is confusing to 
some insurance accountants. 

Line 2, =agents' balances or uncollected premiums" (item 10 of page 2), is a carry-over from 
the pre-2001 Annual Statement. The line and the Annual Statement Instructions pertaining 
to it will presumably be changed by the NAIC Blanks Committee as soon as the error is noted. 
The Annual Statement Instructions say that 

This asset should be increased by the ceded reinsurance balances payable (reversing 
the parenthetical decrease on page 2, line I O) which is offset against the unet amount 
recoverable from reinsurers." 

This was correct for the 2000 and prior Annual Statements. The 2001 NAIC codification 
changed the reinsurance premium balances payable 

• from a contre-asset to agents' balances receivable 
• toaseparateliabilityonlinellofpage3:=cededreinsurencebalancespayable(net 

of ceding commissions)." 

For the year 2001 Annual Statement, companies should ignore the Annual Statement 
Instructions. They should leave this item unchanged. They should reverse the balance sheet 
entry of Page 3, Item 11. Presumably, they should do this on the =other liabilities" line of 
Schedule F, Part 8, though the official designation of this line is =items 14 and 16 through 22." 
By oversight, line 11 of page 3 is nowhere shown on Schedule F, Part 8. 

Line 1, "cash and invested assets," and line 5, "other assets," are used by some companies, 
while other companies show zeros in column 2 for these lines. For instance, one company 
shows the line 1 adjustment as a balancing item to the line 12 adjustment. Line 12 shows 
"funds held under reinsurance treaties." If there were no ceded reinsurance, the primary 
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company would not have these funds, so "cash and invested assets" are reduced by the same 
amount.  44 

Line 6, "net amount  recoverable from reinsurers," is the balancing item. Mathematical ly, it is 
the amount  needed so that line 7, "total assets," column 2, equals line 16, "total liabilities," 
co lumn 2. Conceptual ly, it is the net asset representing the =assets plus the contra-l iabil i t ies 
minus the liabilities" on the statutory balance sheet relating to ceded reinsurance. 

44 This reasoning is not correct. As noted earlier in the text, Part 8 does not change the reinsurance 
arrangements of the company; it changes only the accounting presentation of these arrangements. The liability 
called "funds held by company under reinsurance treaties" is transformed into a contra-asset. There is no 
change to the assets held by the reporting company. When completing the statutory exhibits, readers are 
advised to use the standard practices recommended in this paper. 
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Illustrations 

The exhibits in Schedule F are sparsely documented in the NAIC Instructions to the Annual 
Statement. An unfortunate result is that many company statements in recent years have 
contained errors in the Schedule F entries. 

Much of the exposition in the preceding sections is abstract. The following sections present 
examples that demonstrate the mechanics of completing these schedules. 

I. Restatement of Balance Sheet 

You are the reinsurance officerfor a medium size commercial lines insurer that has substantial 
reinsurance transactions, and you have been asked to complete Schedule F, Part 8 of the 
Annual Statement. You have filled in the entries in the first column, using the figures from 
pages 2 and 3 of the statutory blank, as shown on the exhibit on the following page. The 
reinsurance accounting department in yourcompany provides you with the following additional 
information: 

1. The total reinsurance recoverables on paid and unpaid losses are $160,000,000. 

2. The unearned premium reserves are $50,000,000 on direct business and $10,000,000 
on assumed business. 

3. The =ceded reinsurance balances payable" on line 11 of page 3 are $5,000,000. 

Your company's management asks you what figures will appear in the boxes labeled A, B, C, 
and D in the third column (=restated") on the exhibit: 

A. Recoverable from reinsurers. 
B. Total assets. 
C. Total liabilities. 
D. Surplus as regards policyholders. 
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Schedule F, Part 8: Initial Exhibit 

Schedule F, Part 8: 
Restatement of Balance Sheet to Identify Net Credit for Ceded Reinsurance ($000,000's) 

ASSETS (page 2, column 3) As Reported Adjustment Restated 

1. Cash and invested assets $200 

2. Agents' balances or uncollected premiums $10 

3. Funds held by or deposited with reinsured companies $30 

4. Reinsurance recoverable on loss and LAE payments $40 

5. Other assets $20 

6. Net amount recoverable from reinsurers A 

7. Total Assets $300 I R 

LIABILITIES (page 3) 

8. Losses and loss adjustment expenses 

9. Taxes and other expenses 

10. Unearned premiums 

11. Dividends declared and unpaid 

12. Funds held by company under reinsurance treaties 

$100 

$3 

$40 

$2 

$20 

13. Amounts withheld or retained for account of others $1 

14. Provision for reinsurance $15 

15. Other liabilities $9 

16. Total liabilities $190 

17. Surplus as regards policyholders $110 

18. Total liabilities plus surplus $300 
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Completing Part 8 

The completed exhibit is shown below, along with explanation of each entry. We proceed line 
by line, stating the assumptions and showing the derivation of the values. 

Certain adjustments depend upon the particularities of each case, for which there is 
insufficient information in this example (e.g., lines 1,5, 9, and 11 below). We assume that no 
adjustments are needed for these lines unless information requiring an adjustment is provided. 

For certain other items, there are differences of opinion among insurance accountants about 
the proper adjustments. The illustration here should not be taken to imply that other methods 
of completing this exhibit are necessarily wrong. 

Assets 

1. Line 1 in the exhibit, "Cash and invested assets," needs no adjustment. The entry in 
column 3 is $200,000,000. 

2. The Part 8 exhibit a••ng with its •nstructi•ns assume pre-c•dificati•n statut•ry acc•unting 
for agents' balances. The exhibit and its instructions will presumably be corrected to conform 
with the current statutory balance sheet. (By the time this paper is printed, the corrections 
noted here should have been placed on the NAIC web site.) 

We explain first the intention of the Annual Statement Instructions, which assume the pre-2001 
balance sheet format. We then show the appropriate accounting entries for 2001 and 
subsequent years. 

Before 2001, the following balance sheet items were net of reinsurance ceded: (i) loss 
reserves, (ii) loss adjustment expense reserves, (iii) unearned premium reserves, and (iv) 
agents' balances. We deal with loss reserves, loss adjustment expense reserves, and 
unearned premium reserves in the appropriate sections below. The agents' balances entry 
was direct agents' balances and premiums receivable net of reinsurance balances payable. 
For instance, if direct agents' balances were $15 million and premium balances owed to 
assuming reinsurers were $5 million, the agents' balances entry on line 10.1 of page 2 was 
$10 million. The pre-2001 line label for agents' balances on the statutory balance sheet was 
"Premiums and agents' balances in course of collection (after deducting ceded reinsurance 
balances payable of _ _ . ) . "  

The NAIC codification project prohibited the netting of premiums receivable with premiums 
payable, though it retained the net accounting for loss reserve and unearned premium 
reserves. Statutory issue paper No. 75, "Property and Casualty Reinsurance," paragraph 5 
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says that "ceded reinsurance premiums payable (net of ceding commission) shall be 
classified as a liability." The current line 10.1 on page 2 reads "Premiums and agents' balances 
in course of collection," and line 11 on page 3 reads"ceded reinsurance balances payable (net 
of ceding commissions)." 

The Schedule F, Part 8 exhibit has not been updated to reflect this change. The 2001 
Instructions for agents' balances on the Schedule F, Part 8 exhibit still read: 

Line 2 - AGENTS' BALANCES OR UNCOLLECTED PREMIUMS: This asset should be 
increased by the ceded reinsurance balances payable (reversing the parenthetical 
decrease on Page 2, Line 10) which is offset against "net amount recoverable from 
reinsurers." 

This Annual Statement Instruction is no longer valid by January 1,2001, when codification of 
statutory accounting was effective. There should be no adjustment for line 2. Instead, the 
statutory liability on line 11 of page 3 for ceded reinsurance balances payable should be 
reversed in column 2 of Schedule F, Part 8. There is no separate line for this in Part 8, so the 
reversal should be made on line 15, "other liabilities." The label for line 15 says"items 14 and 
16 through 22," which does not include item 11 on page 3. The item numbers should be 
disregarded in this instance. 

3. Line 3 in the exhibit, "Funds held by or deposited with reinsured companies," relates to 
assumed reinsurance, not ceded reinsurance. The company provides reinsurance to other 
carders, as shown by the $10,000,000 of unearned premium reserves on assumed business. 
Since Part 1 of Schedule F relates to ceded reinsurance only, there is no adjustment on this 
line, and the restated entry remains $30,000,000. 

4. Line4intheexhibit,"Reinsurancerecoverableonlosspayments,"istherecovedesfrom 
reinsurers on losses that have already been paid. If there were no ceded reinsurance, there 
would be no recoverables from reinsurers. This entry is reversed by an adjustment of 
-$40,000,000, yielding a zero in the restated column. The whole amount is offset by an 
opposite entry in line 6, "Net amount recoverable from reinsurers." 

5. Line 5 in the exhibit, "Other assets," are not affected by ceded reinsurance transactions 
except in exceptional circumstances. We assume that no such exceptions are involved here, 
so we enter a zero for the adjustment and $20,000,000 in the "restated" column. 

6. Line 6 in the exhibit, "Net amount recoverable from reinsurers," is the balancing item. We 
can not determine it until we have completed the "liabilities" portion of this exhibit. 

7. Line 7 is the total assets. This is the sum of lines 1 through 6. Since line 6 is not yet 
known, we skip line 7 as well. 
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Liabilities 

8. We are told that "the total reinsurance recoverables on paid and unpaid losses are 
$160,000,000." The recoverables on paid losses are $40,000,000 (line 4), so the 
recoverables on unpaid losses (line 8) are $120,000,000. We enter $120,000,000 as the 
adjustment on line 8, and $220,000,000 as the restated amount. 

9. Most of the items included in line 9 (lines 4 through 8 of page 3) are not directly affected 
by reinsurance transactions. For instance, line 6 on page 3, "taxes, licenses, and fees" is 
based on direct premium written, not on net premium written. Similarly, income taxes, 
borrowed money, and interest (lines 7, 8, and 9 on page 3) are not related to the manner in 
which reinsurance transactions are presented.45 Contingent commissions (included in line 
3 on page 3) may sometimes be affected by reinsurance transactions. Since we are given 
no information about this, we assume that no adjustment is needed hera. We enter a zero for 
the "adjustment," yielding $3,000,000 in the restated column. 

10. Line l O in this exhibit shows $40,OOO,OOO of net uneamed pramium reserves. Since 
the direct uneamed premium reserve is $50,000,000 and the assumed uneamed premium 
reserve is $10,000,000 (as stated by the reinsurance accounting department), the ceded 
uneamed premium reserve is $20,000,000, which is the adjustment for this line. The entry in 
the restated column is $60,000,000. 

11. Line 11 in this exhibit, "dividends declared and unpaid," relates generally to direct 
business, not to net business. The adjustment for this line is zero, and the restated amount 
is $2,000,000. '~ 

12. Line 12 in this exhibit, "Funds held under reinsurance treaties," are monies owned by 
reinsurers but held by the primary company. If there were no ceded reinsurance, the primary 
company would not be holding any funds belonging to reinsurers. The entry is reversed by an 
adjustment of -$20,000,000, leaving a zero in the restated column. 

13. Line 13 in this exhibit, "Amounts withheld for account of others," is generally not related 
to reinsurance transactions. The adjustment is zero, leaving 1 million in the restated column. 

One might suppose that federal income taxes depend on reinsurance transactions, since if the 
reinsurer indemnifies an incurred loss, the tax liability should increase. This is not relevant to the Part 8 exhibit. 
When we restate the accounting presentation of the statutory balance sheet, the tax liability does not change. 

In some instances, particularly on quota share treaties, the reinsurer may pay a part of the 
policyholders' dividend. In other treaties, there is no policyholders' dividend liability incurred by the reinsurer. 
Rather, the expected policyholder dividend may be included in the ceding commission, it may be paid to the 
primary company (not to the policyholders), or it may be included in a sliding scale commission arrangement. 
For simplicity, this illustration assumes that there is no ceded portion of the policyholders' dividend liability. 
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14. Line 14 in this exhibit, "Provision for reinsurance," is the statutory penalty for 
recoverables from unauthorized reinsurers, recoverables from slow-paying reinsurers, loss 
recoverables more than 90 days past due, and amounts in dispute. If there were no ceded 
reinsurance, there would be no provision for reinsurance. The entire amount is eliminated on 
a "gross of reinsurance" basis. The adjustment is-S15,000,00, and the restated amount is 
zero. 

15. Line 15 in this exhibit, "Other liabilities," generally do not relate to reinsurance 
transactions. This entry is comprised of the following items from page 3: 

• Remittances and items not allocated; 
• Net adjustments to assets and liabilities due to foreign exchange rates; 
• Drafts outstanding; 
• Payable to parent, subsidiaries, or affiliates; 
• Payable for securities; 
• Liability for amounts held under uninsured accident and health plans; 
• Capital notes and interest thereon; and 
• Aggregate write-ins for liabilities. 47 

As noted above, item11 from the balance sheet, "ceded reinsurance balances payable, net 
of ceding commission," should be included in this line. This balance sheet entry is reversed, 
so we enter -$5,000,000 for the "adjustment," leaving $4,000,000 in the restated column. 

16. Line 16 in this exhibit, "Total liabilities," is the sum of lines 8 through 15. For the 
adjustments, we have (in millions of dollars) 

120 + 0 + 20 + 0 -  20 + 0 - 1 5 -  5 = $100 million, 

and for the restated column we have 

220 + 3 + 60 + 2 + 0 + 1 + 0 + 4 = $290 million. 

17. Line 17 in this exhibit, "surplus as regards policyholders," is not affected by this 
calculation for Schedule F, Part 8. Reclassifying the balance sheet accounts changes the 
accounting presentation; it does not change surplus. Column 2, the adjustment," is "X-ed out" 
in the blank. The restated amount is the same as the reported amount: $110,000,000. 

47 The aggregate write-ins for liabilities may include a contra-liability for recoverables on retroactive 
reinsurance; see SSAP No. 62, "Reinsurance," paragraph 28. 
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BALANCING ITEMS 

We retum to the two lines that we did not complete in the asset section of this exhibit. Since 
the total liability adjustment is $100,000,000, the total asset adjustment must also be 
$100,000,000 (column 2 of line 7). The total asset adjustment is the sum of the individual 
asset adjustments. The one asset adjustment in this illustration is -$40,000,000 on line 4 
(reinsurance recoverable on loss payments). A balancing adjustment of $140,000,000 [ --- 
$100,000,000 - (-$40,000,000) ] is entered for line 6 (net amount recoverable from 
reinsurers). 

The entries in the restated column are the sum of the entries in the as reported and adjustment 
columns. For the cells labeled A, B, C, and D, we have 

A. For line 6 (recoverable from reinsurers), the restated amount is $0 + $140,000,000 = 
$140,000,000. 

B. For line 7 (total assets), the restated amount is $300,000,000 + $100,000,000 -- 
$400,000,000. 

C. For line 16 (total liabilities), the restated amount is $190,000,000 + $100,000,000 = 

$290,000,000. 

D. For line 17 (surplus as regards policyholders), the adjustment is always $0 and thhe 
restated amount equals the =as reported" amount. 

The completed Part 8 exhibit is shown on the following page. 
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Schedule F, Part 8: Completed Exhibit 

Schedule F, Part 8: 
Restatement of Balance Sheet to Identify Net Credit for Ceded Reinsurance ($000,000's) 

ASSETS (page 2, column 3) As Reported Adjustment Restated 

1. Cash and invested assets $200 - -  $200 

2. Agents' balances or uncollected premiums $10 $0 $10 

3. Funds held by or deposited with reinsured companies 

4. Reinsurance recoverable on loss and LAE payments 

$30 

$40 ($40) 

$30 

$0 

5 .  Other assets $20 - -  $20 

6. Net amount recoverable from reinsurers $140 $140 

7. Total Assets $300 $100 $400 

LIABILITIES (page 3) 

8. Losses and loss adjustment expenses $100 

$3 

$40 

$2 

9. Taxes and other expenses 

$120 

$20 10. Unearned premiums 

11. Dividends declared and unpaid 

$220 

$3 

$60 

$2 

12. Funds held by company under reinsurance treaties $20 ($20) $0 

13. Amounts withheld or retained for account of others $1 - -  $1 

14. Provision for reinsurance $15 ($15) $0 

15. Other liabilities $9 ($5) $4 

16. Total liabilities $190 $100 $290 

.17. Surplus as regards policyholders $110 xxx $110 

$300 18. Total liabilities plus surplus $100 $400 
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II. Provision for Unauthorized Reinsurance 

We show several illustrations of the provision for reinsurance, beginning with a single, 
unauthorized reinsurer with no securitization of the recoverables and proceeding to more 
complex illustrations involving payment schedules and overdue receivables. 

FLEDGLING INSURANCE 

You are the reinsurance officer for the Fledgling Insurance Company, a small, newly 
capitalized personal automobile insurer. All your business is 100% reinsured with the XYZ 
Reinsurance Company, which is not licensed or authorized in your domiciliary state. 

Written premium during the year was $50 million, and eamed premium was $40 million. The 
uneamed premium reserve at the end of the year is $20 million. These amounts are also 
100% reinsured by XYZ Reinsurance. 

Reported but unpaid losses are $25 million, along with $6 million of unpaid loss adjustment 
expenses associated with these claims. Incurred but not reported losses are $10 million, 
along with $4 million of unpaid loss adjustment expenses. These amounts are 100% 
reinsured by XYZ Reinsurance. 

$35 million was paid to claimants this past year, along with $10 million in loss adjustment 
expenses. For these claims, Fledgling still awaits recovery of $15 million in losses and $5 
million in loss adjustment expenses from XYZ Reinsurance. 

XYZ Reinsurance has denied liability for $5 million of these losses. Fledgling Insurance 
expects a full recovery, and the matter is in litigation. 

XYZ Reinsurance has not provided Fledgling Insurance with any security, whether letters of 
credit, trust agreements, or funds withheld. 

Fledgling assumes no reinsurance business from other primary writers, and it cedes no 
business to other reinsurers. 
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You have been asked to complete the entries for the following items on Fledgling's balance 
sheet (pages 2 and 3 of the Annual Statement): 

Page 2: 

Line 11 Funds held by or deposited with reinsured companies 
Line 14 Reinsurance recoverables... 

Page 3: 

Line 1 
Line 2 
Line 3 
Line 9 
Line 12 
Line 15 

Losses 
Reinsurance payable... 
Loss adjustment expenses 
Uneamed premiums 
Funds held by company under reinsurance treaties 
Provision for reinsurance 

What are the appropriate entries for each of these lines? 
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Balance Sheet Entries 

Since XYZ Reinsurance is not authorized and provides no offsetting funds or letters of credit, 
all recoverables from XYZ are included in the provision for reinsurance. There is no need for 
a payment schedule to determine amounts more than 90 days past due. 

All balance sheet items are net of reinsurance, with no differentiation between authorized and 
unauthorized reinsurers, slow-paying and quick-paying reinsurers, and loss recoverables more 
than 90 days past due versus other loss recoverables. Line 15 on page 3 shows the 
aggregate provision for reinsurance, relating to recoverables on paid losses, unpaid losses, 
unearned premium reserves, and commissions. 

Because Fledgling is 100% reinsured, it has no net liabilities. Because XYZ Reinsurance is 
unauthodzed and it provides no security, all recoverables are included in the provision for 
reinsurance. Proceeding line by l i ne . . .  

Page 2, line 11, "Funds held by or deposited with reinsured companies," refers to funds 
owned by Fledgling that are held by primary companies that have ceded business to 
Fledgling. Since Fledgling does not assume any reinsurance, it has not deposited funds 
with any ceding companies, and this amount is $0. 

Page 2, line 14, "Reinsurance recoverables, on loss and loss adjustment expense 
payments," relates to recoverables from XYZ Reinsurance on losses and loss adjustment 
expenses already paid by Fledgling. This amount is $20 million, or$15 of loss plus $5 of 
defense and cost containment expenses. 

XYZ's unauthorized status does not affect this asset. Insurance personnel sometimes 
speak of unauthorized reinsurance recoverables as non-admitted assets, but there is no 
"non-admitted" adjustment to this asset. Even XYZ's denial of liability does not affect this 
asset, as long as Fledgling expects to receive the money. Rather, the asset is offset by 
a corresponding liability on line 15 of page 3. In GAAP statements, which do not include 
a provision for reinsurance, Fledgling would disclose in a footnote the disputed amount. 

• Page 3, line 1 shows loss reserves net of reinsurance, whether the reinsurance is 
authorized or not. This entry is $0, since all of Fledgling's business is reinsured. 

Page 3, line 2, "Reinsurance payable on paid losses," shows Fledgling's liabilities for 
assumed reinsurance losses. Since Fledgling assumes no business from other primary 
carriers, this entry is $0. 
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Page 3, line 2, shows loss adjustment expense reserves net of reinsurance, whether the 
reinsurance is authorized or not. This entry is $0, since all of Fledgling's business is 
reinsured. 

Page 3, line 9, shows unearned premium reserves net of reinsurance, whether the 
reinsurance is authorized or not. This entry is $0, since all of Fledgling's business is 
reinsured. 

Page 3, line 12, "Funds held by company under reinsurance treaties," shows funds owned 
by XYZ Reinsurance that are held by Fledgling as security for its recoverables. Since XYZ 
Reinsurance has provided no security to Fledgling, this entry is $0. 

• Page 3, line 15, "Provision for reinsurance," includes all the recoverables from XYZ 
Reinsurance. The recoverables relate to 

• the uneamed premium reserve $20 million 
• paid losses 15 million 
• paid allocated loss adjustment expenses 5 million 
• unpaid reported losses 25 million 
• unpaid IBNR losses 10 million 
• unpaid defense and cost containment exoensQs 10 million 

Total $85 million 

The entry for line 15 is $85 million. 

The provision for reinsurance from unauthorized reinsurers includes a provision for paid loss 
racoverables more than 90 days past due and for amounts in dispute in addition to the 
provision for unsecured total recoverables. The total provision for reinsurance is limited by 
the total recoverables. In this problem, the limit is reached by the provision for total unsecured 
recoverables, since no security has been provided. No additional provision need be made 
for paid loss recoverables more than 90 days past due or for amounts in dispute. 
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III. Overdue  Re insurance  

The Stable Insurance Company, a commercial fire carrier specializing in property coverage 
for large risks over a high self-insured retention, has a 100% quota share reinsurance treaty 
with the Secure Reinsurance Company, which is licensed to conduct business in Stable's 
domiciliary state. During the past year, Secure has denied liability for two large claims and 
has been slow in paying on several other claims. Stable Insurance Company has asked 
Secure Reinsurance Company for a letter of credit of $40 million, which Secure provided on 
November 15. The letter of credit applies to recoverables on paid losses, recoverables on 
unpaid losses, and uneamed premiums, but not to the two claims for which Secure has denied 
liability. 

The reinsurance payment schedule from Secure Reinsurance is shown on the next page. 
Claim amounts are in thousands of dollars. For instance, the second line shows a claim with 
an accident date of January 12. Stable paid the claimant $1.6 million on March 3, and it 
received reimbursement from Secure on July 17. 

Stable has filed suit to recover the $12 million relating to the January 4 claim, and the case is 
currently in litigation. Stable is discussing the March 10 claim with Secure, but no suit has yet 
been filed. Stable also has $8 million of unearned premium reserves ceded to Secure. 

The "due date" for recoverables depends on contract provisiorts. If the reinsurance treaty 
does not define the due date or the date on which claims are to be presented to the reinsurer 
for payment, then recoverables are assumed to be due when the paid loss recoverable is 
entered on the ceding company's books. In this illustration, assume that no due date or 
presentation date is stated in the reinsurance treaty, and that the paid loss recoverable is 
entered on the ceding company's books when the direct loss payment is made. 

What provision for reinsurance must Stable Insurance Company hold on its balance sheet (line 
15 of page 3) at December 31? 
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Amount 
of Claim 
12,000 
1,600 
1,500 
4,400 
6,500 
3,000 
3,500 
2,500 
1,000 
4,000 
6,000 

10,000 
11,200 
3,800 

Reinsurance Payment Schedule 
(figures in thousands of dollars) 

Accident 
Date 

Jan 4 
Jan 12 
Feb 26 
Mar 9 
Mar 10 
Apr 16 
May 8 
June 3 
June 8 
Aug 22 
Aug 9 
Sept 2 
Nov 18 
Dec 5 

Payment Date 
(Stable to Claimant) 

Feb 5 
Mar 3 
July 20 
June 2 
Apr 14 
May 17 
June 13 
July 19 
June 28 
Nov 4 
(unpaid) 
Oct 21 
(unpaid) 
(unpaid) 

Payment Date 
(Secure to Stable) 

(unpaid; Secure denies liability) 
July 17 
(unpaid) 
Aug 1 

(unpaid; Secure denies liability) 
Oct 29 
Sept 29 
(unpaid) 
Dec 12 
(unpaid) 
(unpaid) 
(unpaid) 
(unpaid) 
(unpaid) 
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Aging Schedule 

If an authorized reinsurer is notslow-paying, the provision for reinsurance is 20% of the 
recoverables more than 90 days past due plus 20% of the amounts in dispute, with no 
offset for funds withheld or letters of credit. 

If the reinsurer is classified as slow-paying, the provision for reinsurance is 20% of the 
larger of (i) the total recoverables, with an offset for funds withheld or letters of credit, and 
(ii) the recoverable more than 90 days past due. 

To determine whether Secure is slow-paying, we divide the claims into six categories: 

A. Claims for which reinsurance recoveries were received more than 90 days prior to the 
statement date; 

B. Claims for which reinsurance recoveries were received within the 90 days preceding 
the statement date; 

C. Claims paid by Stable for which the reinsurance recoverables are less than or equal 
to 90 days overdue; 

D. Claims paid by Stable for which the reinsurance recoverables are more than 90 days 
overdue (and not in dispute); 

E. Claims in dispute; and 
F. Claims still unpaid by Stable. 

Classification as a slow-paying reinsurer depends on the ratio D - (B + C + D). This is the 
ratio of 

• the amounts more than 90 days overdue to 
• the amount receivable on paid claims plus the amounts received in the past 90 days. 

The reinsurer is classified as slow-paying if this ratio exceeds 20%. 

Using the payment schedule shown above, we have 

A. $1.6 million + $4.4 million + $3.5 million = $9.5 million (January 12, March 9, and May 
8 claims). 

B. $3 million + $1 million = $4 million (April 16 and June 8 claims). 
C. $4 million + $10 million = $14 million (August 22 and September 2 claims). 
D. $1.5 million + $2.5 million = $4 million (February 26 and June 3 claims). 
E. $12 million + $6.5 million = $18.5 million (January 4 and March 10 claims). 
F. $6 million + $11.2 million + $3.8 million = $21 million (August 9, November 18, and 

December 5 claims). 
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The ratio of D to (B + C + D) equals $4 million + ($4 million + $14 million + $4 million) = 
18.2%. Since this ratio is less than 20%, Secure is not a slow-paying reinsurer. 

20% of the overdue recoverables, 20% of $4 million, or $800,000 is included in the provision 
for reinsurance. In addition, there are $18.5 million of recoverables in dispute, 20% of which 
is $3.7 million. The total provision for reinsurance is $0.8 million + $3.7 million = $4.5 million. 

The letter of credit provided by Secure does not affect the statutory provision for amounts 
more than 90 days past due or for amounts in dispute. The provision for reinsurance which 
appears in the Schedule F, Part 7, footnote and on line 15 of page 3 is $4,500,000. 

In this example, the statutory provision for reinsurance is $4,500,000, whereas the amounts 
in dispute are $18.5 million. Itispossiblethattheexpecteduncollectibleamountexceedsthe 
provision for reinsurance determined by the statutory formula. If so, the statutory provision for 
reinsurance should be increased to cover the expected uncollectible amounts. The excess 
of the expected uncollectible amount over the statutory provision for reinsurance flows through 
the income statement and affects taxable income as well. 

In any case, Stable should disclose the potential effects of an adverse outcome of these 
disputes in the Notes to the Financial Statements. These potential adverse outcomes are 
classified as loss contingencies. As long as their likelihood is not remote, their effects should 
be disclosed in the notes. See SSAP No. 5, "Liabilities, Contingencies and Impairments of 
Assets," paragraph 14 (copied from SFAS 5): 

ff a loss contingency or impairment of an asset is not recorded..,  or if exposure to a 
loss exists in excess of the amount accrued pursuant to the provisions described above, 
disclosure of the loss contingency or impairment of the asset shall be made in the 
financial statements when there is at least a reasonable possibility that a loss or an 
additional loss may have been incurred. The disclosure shall indicate the nature of the 
contingency and shall give an estimate of the possible loss or range of loss or state that 
such an estimate cannot be made. 
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IV. Slow-Paying Reinsurers 

The Standard Reinsurance Company is licensed to conduct reinsurance business in the 
domiciliary state of the primary insurance company. The Schedule F, Part 4 entries for 
Standard are shown below. 

Column 4 Current $40 million 
Column 5 1-29 days overdue $25 million 
Column 6 30-90 days overdue $50 million 
Column 7 91-120 days overdue $20 million 
Column 8 over 120 days overdue $55 million 

On Part 3 of Schedule F, the entries for Standard Reinsurance are as follows: 

Column 1, "Reinsurance premium ceded," 
Column 2, "Recoverables on paid losses," 
Column 3, "Recoverables on paid LAE," 
Column 4, "Recoverables on known case loss reserves," 
Column 5, "Recoverables on known case LAE reserves," 
Column 6, "Recoverables on IBNR loss reserves," 
Column 7, "Recoverables on IBNR LAE reserves," 
Column 8, "Uneamed premiums," 
Column 9, "Commissions," 

$210 million 
$175 million 

$15 million 
$160 million 
$20 million 

$100 million 
$10 million 
$75 million 

$5 million 

In the past 90 days, Standard has made payments of $75 million for losses and loss 
adjustment expenses. Standard has provided a letter of credit for $200 million to secure its 
recoverables. 

We compute the provision for reinsurance for the Standard Reinsurance Company. 

Overdue Ratio 

Since Standard is authorized, we determine whether it is a slow-paying reinsurer. We 
consider the ratio of (i) the amounts more than 90 days past due to (ii) the total amount 
receivable on paid claims plus the amounts received in the past 90 days, after eliminating all 
items in dispute from the total due and the amount more than 90 days past due. Standard is 
classified as slow-paying if this ratio exceeds 20%. 

The information provided above shows 

• $75 million more than 90 days overdue (columns 7 + 8 of Part 4), 
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• $190 million of total recoverables on paid losses and loss adjustment expenses (the 
sum of columns 4 through 8 of Part 3), and 

• $75 million of recoverables received in the past 90 days. 

The ratio is $75 million + ($190 million + $75 million) = 28.3%. The Standard Reinsurance 
Company is classified as a slow-paying reinsurer. 

The total racoverables from Standard are 

• $190 million of recoverables on paid losses and loss adjustment expenses; 
• $180 million of recoverables on unpaid "case basis" losses and LAE; 
• $110 million of recoverables on unpaid IBNR losses and LAE; 
• $75 million of ceded uneamed premium reserves; and 
• $5 million of commissions. 

for a total of $560 million. 

Standard Reinsurance has provided a letter of credit to secure $200 million of these 
recoverables, so the unsecured recoverables are $360 million. The provision for reinsurance 
considers two elements: 

• Twenty percent of the unsecured amount, or $72 million (= $360 million x 20%), and 
• Twenty percent of the amount more than 90 days past due, or $15 million (= $75 million 

x 20%). 

The provision for reinsurance is the larger of these two amounts, or $72 million. 
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V. Provision for Reinsurance by Type of Reinsurer 

We calculate the provision for reinsurance for recoverables from the reinsurers listed below 
(dollar amounts are in millions). 

Authorized status 
Reinsurance recoverable (all items) 
Funds held by reporting company 

under reinsurance treaties 10 
Letters of credit 75 
Recoverables on paid loss & LAE 

over 90 days due, not in dispute 20 
Recoverables on paid loss & LAE 

over 120 days due, not in dispute 10 
Recoverables on paid loss & LAE, total 50 
Amount in dispute included above 25 
Amounts company received from reinsurer 

in last 90 days of statement year 5 

Reinsurer A Reinsurer B Reinsurer C 
Unauthorized Authorized Authorized 

$100 $100 $100 

10 10 
0 0 

5 5 

2 2 
32 32 
10 10 

5 0 

Unauthorized Reinsurance 

We begin with Reinsurer A. Since Reinsurer A is not authorized, we determine the total 
unsecured recoverables. 

• Total recoverables = $100 
• Collateral is the sum of letters of credit ($75) and funds withheld ($10) = $85 
• Unsecured total recoverables = 100 - $85 = $15 

We then consider the overdue recoverables and the amounts in dispute. 

• Loss recoverables more than 90 days past due = $20 
• Amounts in dispute = $25 

Recall that amounts in dispute are part of total recoverables but not of overdue recoverables. 

The provision for reinsurance includes all recoverables from unauthodzed reinsurers unless 
they are collateralized by letters of credit or funds withheld. The collateral does not help for 
overdue recoverables or for amounts in dispute, so 20% of these latter two items is added to 
the provision for reinsurance to the extent that it does not exceed the amount of collateral. 

The formula for the total provision for reinsurance, including the capping rule is 
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total recoverables - collateral 
+ lesser of (a) 20% of overdue recoverables + 20% of amounts in dispute and 

(b) the amount of collateral 

In this illustration, the figures are 

$ t  o o  - $85 
+ lesser of (a) 20% x $20 + 20% x $25 and (b) $85 

= $ 1 5 + $ 4 + $ 5 = $ 2 4 .  

We have stated the capping rule as it appears in the Schedule F exhibits. We may rephrase 
the capping rule to say that the provision for reinsurance is limited to the total reinsurance 
recoverables. 

Authorized Reinsurers 

Reinsurer B is authorized, so we determine whether it is slow-paying. A slow-paying reinsurer 
has an overdue ratio exceeding 20%. 

The overdue ratio equals the ratio of recoverables more than 90 days past due to the sum of 
the total recoverables on paid losses and LAE that are notin dispute and the recoverables 
received in the past 90 days. 

The figures in this illustration are 

recoverables more than 90 days past due = $5 
total recoverables on paid loss and LAE = $32 
amount in dispute = $10 
recoverables received in the past 90 days = $5 

The overdue ratio is 

$5 - ($32 - $10 + $5) = $5 + $27 = 18.5%. 

Since the ratio does not exceed 20%, the insurer is not slow-paying. 

Non-Slow-Paying Reinsurers 

Since reinsurer B is not slow-paying, the provision for reinsurance is 

20% of  overdue recoverables + 20% of  amounts in dispute. 

760 



The figures are 

20% x $5 (overdue recoverables) + 20% x $10 (amounts in dispute) = $1 + $2 = $3. 

Slow-Paying Reinsurers 

Reinsurer C has the same recoverables as Reinsurer B, but it paid no claims in the last 90 
days of the statement year. This affects the overdue ratio test; it does not change the 
recoverables. 

The overdue ratio is 

$5 - ( $ 3 2 -  $10 + $0) = $5 - $22 = 22.73%. 

Since the ratio exceeds 20%, the insurer is slow-paying. 

The provision for reinsurance for slow-paying authorized reinsurers is similar to the provision 
for unauthorized reinsurance, except that the provision is only 20% of the unsecured 
recoverables, not 100%. (The other differences, such as the =greater than" provision, are 
noted below.) 

The unsecured total recoverables are $100 - $10 = $90, and 20% of the unsecured 
recoverables are 20% x ($90) = $18. 

The loss recoverables that are more than 90 days past due are $5, and 20% of $5 = $1. 

The greater of $18 and $1 is $18, which is the provision for reinsurance for Reinsurer C. 

The final provision for reinsurance is the sum of the provisions for the three reinsurers, or $24 
+ $3 + $18 = $45. 

COLLATERAL 

For slow-paying reinsurers, amounts in dispute are included in total recoverables, and they 
are not considered separately. As noted in the text of the paper, this may be an oversight by 
the regulators who designed Schedule F, since collateral Should not offset the provision for 
amounts in dispute. 48 

4a The rules for slow-paying authorized reinsurers are particularly strange. If collateral does not offset the 
provision for overdue recoverables, it surely should not offset the provision for amounts in dispute. 
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In this exercise, the authorized reinsurer has not provided any collateral. This makes sense, 
since for an authorized reinsurer, collateral helpsonlyif the reinsurer is slow-paying. Butwhat 
reinsurer assumes at the outset that it is going to be slow-paying? 

For slow-paying authorized reinsurers, collateral plays a role in the "greater than" expression 
used to compute the total provision for reinsurance. Suppose that this insurer had 

• $100 of total recoverables; 
• $100 of collateral; and 
• $ 50 of overdue recoverables. 

• The amount of uncollateralized recoverables is $0, so 20% of that is also $0. 
• The collateral does not help for overdue recoverables. 
• 20% of $50 is $10, which is greater than the $0 derived above. 
• The final provision for reinsurance is $10. 
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Vi. Slow-Paying Authorized Reinsurers 

Given the following entries from Schedule F, we determine the provision for reinsurance for 
the reinsurer shown. Dollar amounts are in millions. 

XYZ Reinsurance Company is authorized in the domiciliary state of the ceding company. No 
amounts are in dispute. XYZ has made payments of $45 in the past 90 days and has a letter 
of credit securing recoverables of $250. 

Data from Schedule F. Part 4. =Aaino of Ceded Reinsurance" 
Name of Reinsurer XYZ 
Current Recoverables 80 
Recoverables 1 - 29 days overdue 15 
Recoverables 30 - 90 days overdue 5 
Recoverables 90 - 120 days overdue 20 
Recoverables over 120 days overdue 40 

Data from Schedule F. Part 3. "Ceded Reinsurance" 
Name of Reinsurer XYZ 
Reinsurance Premium Ceded 100 
Recoverables on paid losses 125 
Recoverables on paid LAE 35 
Recoverables on known case loss reserves 30 
Recoverables on known case LAE reserves 50 
Recoverables on IBNR loss reserves 70 
Recoverables on IBNR LAE reserves 25 
Recoverables on Unearned Premiums 75 
Recoverables on Commissions 3 

Aging Schedule 

The XYZ Reinsurance Co. is authorized. We use the aging schedule to test if it is slow paying. 

The illustration in the text of the paper (Secure Insurance and Stable Reinsurance) provides 
a list of claims and their payment dates to determine the slow-paying status of the reinsurer. 
This exercise provides the Schedule F entries in Parts 3 and 4. 

Current recoverables are recoverables that are sUll before the due date. This is most common 
when a due date is specified in the reinsurance contract. If there is a due date specified in 
the reinsurance contract, and the due date is the date on which the reinsurance recoverable 
is entered in the financial statements of the reporting company, then if the reinsurance 
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recoverable is entered when the primary loss is paid, few recoverables on paid losses are 
current. 

The overdue ratio is defined as 

recoverables on paid losses and LAE more than 90 days past due 

divided by the sum of 

(i) all recoverables on paid losses and LAE and 
(ii) recoverables paid in the last 90 days of the statement year. 

Both the numerator and the denominator of this ratio exclude amounts in dispute. In this 
exercise, there are no amounts in dispute. 

The recoverables more than 90 days past due are $20 + $40 = $60 (Schedule F, Part 4). 

The total recoverables on paid losses and LAE are shown both in Part 3 and in Part 4. 

• From Part 4 we have: $80 + $15 + $5 + $20 + $40 = $160. 
• From Part 3 we have: $125 + $35 = $160. 

The recoverables on paid losses and LAE that were paid in the last 90 days of the statement 
year are $45. 

The overdue ratio is $60 / ($160 + $45) = $60/$205 = 29.3%. The XYZ Reinsurance Company 
is slow paying. 
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Provision for Reinsurance 

The provision for reinsurance is the greater of 

i. 20% of the unsecured total recoverables (not just on paid losses, and including 
amounts in dispute) and 

ii. 20% of the recoverables on paid losses that are more than 90 days past due. 

Security reduces the total unsecured recoverables, but it does not reduce the recoverables 
more than 90 days past due. 

Total recoverables are 

the ceded unearned premium reserves 
+ the recoverables on paid losses and LAE 
+ the recoverables on unpaid losses and LAE 
+ expected commissions. 

Thecommissionsarecontingentcommissionsorprofitcommissions. Regular reinsurance 
commissions are deducted from the premium balances and not paid by the ceding company 
to the reinsurer, so they would not be recoverable. 

The figures are shown in Part 3 of Schedule F 

• the ceded unearned premium reserves = $75. 
• the recoverables on paid losses and LAE = $160. 
• the recoverables on unpaid losses and LAE = $30 + $50 + $70 + $25 = $175 
• the recoverable commissions = $3. 
• The total recoverables = $75 + $160 + $175 + $3 = $413. 
• The letter of credit is for $250. The total unsecured recoverables = $413-  $250 = $163. 
• 20% of $163 = $32.60. 

20% of the recoverables that are more than 90 days past due = 20% x $60 = $12. 

The provision for reinsurance is the greater of $32.60 and $12, or $32.60. 
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VII. Decision Tree Rules 

One final illustration shows the inter-relationship between overdue amounts and security. 

The ABC Insurance Company has $10 million recoverable from an unauthorized 
reinsurer, $5 million of which is overdue. There are letters of credit totaling $6 million. 

We determine the provision for reinsurance. The reinsurer is not authorized. The provision 
for reinsurance is the unsecured total recoverables plus 200 of the overdue amount plus 20% 
of the amount in dispute. In this exercise, there are no amounts in dispute. Security is not 
relevant for overdue amounts. The provision for reinsurance is 

($10 million - $6 million) + 20% x $5 million = $4 million + $1 million = $5 million. 

One must check the limitation. In this example, the provision for overdue recoverables, or$1 
million, is less than the amount of security ($6 million), so there is no limitation. 
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Schedule F: Objectives and EvalueUon 

Schedule F is a series of complex exhibits, requiring considerable effort to complete. The 
provision for reinsurance may have a significant effect on policyholders' surplus, and it 
influences reinsurance practices for both domestic and international transactions. 

The previous sections of this paper deal with the accounting entries required to complete the 
exhibits of Schedule F. The following sections evaluate the benefits and costs of Schedule 
F in light of the objectives of state insurance regulation. 

• What are the objectives of Schedule F, and how well does Schedule F meet them? 
• Are there alternative means of meeting these objectives? 
• Are these objectives aligned with regulatory responsibilities to the insuring public? 
• How might the regulatory responsibilities best be met? 

Insurance is a highly regulated industry. Much regulation is beneficial to insurance consumers 
and effectively performed by state insurance departments. Some regulation may be unduly 
burdensome or inefficient. The task for regulators and industry professionals is to strengthen 
the efficient regulation and to revise or eliminate the wasteful regulation. 

The primary objective of state insurance regulation is defined in the Statutory Accounting 
Principles Statement of Concepts,=objectives of statutory financial reporting," paragraph 27: 

The primary responsibility of each state insurance department is to regulate insurance 
companies in accordance with state laws with an emphasis on solvency for the 
protection of policyholders . . . .  The cornerstone of solvency measurement is financial 
reporting. Therefore, the regulator's ability to effectively determine relative financial 
condition using financial statements is of paramount importance to the protection of 
policyholders . . . .  

We examine the financial reporting in Schedule F in light of the regulatory responsibility in the 
Statement of Concepts cited above. 
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ACCOUNTING PHILOSOPHIES 

Parts 4 through 7 of Schedule F serve to determine the provision for reinsurance, whose 
purpose is described in the NAIC Practices and Procedures Manual (SSAP No. 62, 
"Reinsurance," paragraph 52) as a "minimum reserve for uncollectible reinsurance. "~ 

General accounting statements also estimate uncollectible reinsurance recoverables. GAAP 
requires the management of the insurance company to disclose its best estimate of all 
receivables that may not be collected, not just reinsurance recoverables. These uncollectible 
amounts serve as offsets to the receivable accounts. The balance sheet accounts with bad 
debt or uncollectible offsets include premiums receivable, agents' balances, collateral loans, 
and reinsurance recoverables. 

For each of these balance sheet accounts, statutory accounting uses fixed formulas instead 
of relying on management disclosure. The assets not admitted by the statutory formula are 
still shown on the balance sheet, and they flowthreugh the income statement. These amounts 
are shown as non-admitted assets in column 3 of the statutory balance sheet, and the year-to- 
year change in these non-admitted assets is a direct charge orcredit to policyholders' surplus 
on line 25 of page 4 of the Annual Statement (carried from line 6, column 3, of Exhibit 1). 

For instance, an estimate of agents' balances that may not be co l lected-  but that have not yet 
been written o f f -  is shown as a "bad debt" offset to premiums receivable in GAAP financial 
statements. On statutory statements, agents' balances more than 90 days past due are non- 
admitted assets, s° 

A similar format applies to other receivable accounts. On GAAP financial statements, the 
accrued retrospective premium asset is offset by management 's estimate of the amount that 
may not be collected. On statutory statements, 10% of the unsecured accrued retrospective 
premiums are not admitted, sl 

4e The full paragraph 52 reads as follows: 'qhe NAIC Annual Statement Instructions for Property and 
Casualty Companies for Schedule F--Provision for Overdue Reinsurance: provide for a minimum reserve for 
uncollectible reinsurance with an additional reserve required if an entity's experience indicates that a higher 
amount should be provided. The minimum reserve Provision for Reinsurance is recorded as a liability and the 
change between years is recorded as a gain or loss direCtly to unassigned funds (surplus). Any reserve over 
the minimum amount shall be recorded on the statement of income by reversing the accounts previously utilized 
to establish the reinsurance recoverable." 

~o If the company uses direct billing to the insured, only the premium balances more than 90 days past 
due in excess of the unearned premium reserve are not admitted. 

s~ Statutoryaccounting provides for an alternative quantification of the non-admitted portion of the accrued 
retrospective premium asset, based on the credit ratings of the insureds. See SSAP No. 66, "Retrospectively 
Rate Contracts," paragraph 9, subsection "d." 
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These examples reflect a fundamental difference in the GAAP versus SAP perspectives on 
the purpose of financial statements. 

GAAP financial statements are geared to current and potential investors in going-concem 
enterprises who seek information about the future profitability of the firm. Investors want 
unbiased estimates; they do not want conservative estimates or optimistic estimates. The 
firm's management has the understanding and information to provide good estimates. 
The fixed formulas used in statutory statements do not always provide unbiased estimates, 
and they might be misleading in a GAAP context. 

Statutory financial statements are geared to regulatory authorities. Regulators are not 
concerned about the profitability of going-concern firms; they are concemed about the 
potential insolvency of firms in financial distress. Distressed firms might have an incentive 
to overstate their assets or understate their liabilities, since unbiased estimates might 
provoke regulatory intervention in their operations. For these firms, regulators would not 
be fulfilling their responsibilities if they relied on the opinions of company management. 
Instead, they rely upon fixed formulas. 

The U.S. capital markets and its legal system constrain a firm from entering misleading 
information into its general purpose (GAAP) financial statements. These constraints are 
strong, even if they are not perfect. 

1. Firms depend on financial analysts to report on their stock prices, and financial analysts 
carefully review their financial statements. The retrospective accuracy of uncollectible 
offsets may be seen from a comparison of Note 22 to the Financial Statements with the 
provision for reinsurance. Consistently misleading entries in past financial statements may 
cause analysts to distrust management entries in current financial statements. In the long 
run, misleading accounting estimates may depress a firm's stock price. 

2. A firm that knowingly misstates its general purpose financial statements is exposed to 
SEC penalties and to shareholder lawsuits. The personal assets of the firm's officers are 
not exposed to company losses, but they may be exposed to shareholder suits. 

3. General purpose financial statements are audited by independent public accountants, who 
may be employees or officers of multi-national accounting firms. Both the assets and the 
reputations of the accounting firms are exposed to shareholder lawsuits resulting from 
misleading financial statements. 

These constraints generally suffice for the financial statements of profitable and financially 
healthyfirms. Distressed firms are less likely to feel constrained bythe capital markets, and 
they are more willing to risk potential lawsuits. 
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Statutory Objectives 

The rationale for the GAAP accounting philosophy is clear. The rationale for the statutory 
accounting philosophy is more problematic, for several reasons. 

SUPPLEMENT VS REPLACEMENT 

The statutory provision for reinsurance does not just supplement management's estimate of 
uncollectible reinsurance recoverables; the provision for reinsurance replaces management's 
estimate. Because the provision for reinsurance is conservative and its calculation is 
sometimes arbitrary, many users of statutory financial statements add back the provision for 
reinsurance to reported policyholders' surplus to determine a more realistic value for the firm. 

Consider two insurers, Company A and Company B. Both companies have a $100 million 
provision for reinsurance. Company A estimates the true uncollectible to be $10 million. 
Company B estimates the true uncollectible to be $90 million. 

GAAP financial statements reflect this difference in the estimated uncollectibles. On statutory 
financial statements, both companies show the same $100 million provision for reinsurance 
as an offset to policyholders' surplus. Neither company shows any offset to statutory income. 
Neither company discloses its true estimate of uncollectible reinsurance recoverables. 

Readers of the statutory financial statements - including state insurance regulators - are 
interested in the true estimates of uncollectibility. Oftentimes, a result of the complex Schedule 
F formula may be to obscure more relevant estimates of uncollectibility. 

Changing the provision for reinsurance into a supplement to management's estimate of 
potential uncollectibility instead of a replacement for management's estimate is not favored 
by some regulators. A supplemental format might encourage the perception that the GAAP 
procedure is correct and the statutory procedure is an arbitrary addition. A large difference 
between management's estimate and the provision for reinsurance may encourage readers 
of the Annual Statement to ignore the provision when evaluating company financial stability. 

UNINTENDED CONSEQUENCES 

The provision for reinsurance provides three intended incentives for insurance companies. 

• The provision encourages ceding companies to prefer authorized reinsurers over 
unauthorized reinsurers, particularly if the latter do not fully collateralize their recoverables. 

• The provision encourages ceding companies to seek collateral from unauthorized 
reinsurers and from slow-paying authorized reinsurers. 

• Theprovisionencouragescedingcompaniestodemandtimelypaymentofreinsurance 
recoverables. 
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These incentives are favorably viewed by many regulators. Some of the effects, such as more 
timely payment of reinsurance recoverables, are also desired by primary insurers. 

The provision for reinsurance has some unintended consequences. Appropriate reinsurance 
arrangements are an effective means for an insurance company to manage its risk exposures. 
Unauthorized reinsurers sometimes provide better reinsurance arrangements or less 
expensive reinsurance arrangements than authorized reinsurers do. If the provision for 
reinsurance induces a ceding company to forego optimal reinsurance arrangements, the 
provision harms insurance consumers. ~ 

Securing reinsurance recoverables with letters of credit is not a costless panacea. A letter 
of credit may be expensive, particularly if the reinsurer's financial condition in an adverse 
scenario can not be foreseen. The increased cost associated with letters of credit may raise 
the price for the primary policy or may force the primary company to forego the purchase of 
reinsurance. Neither of these results serves the interest of insurance consumers. 

The market for reinsurance is complex; ceding companies carefully weigh costs, risks, and 
accounting effects when choosing among reinsurance proposals. The incentives and 
disincentives listed above are not absolute; they must be considered among the other 
objectives of ceding companies. 

ACCURACY 

The Schedule F provision for reinsurance is a generic formula, and it may not always serve 
as a reasonable proxy for uncollectible reinsurance recoverables. The sharp demarcations 
(i) between authorized and unauthorized reinsurers and (ii) between slow-paying and non 
slow-paying reinsurers does not seem justified by complex and fluid reinsurance markets. 

Illustration: Reinsurers A and B have similar capital structures and mixes of business; both 
reinsurers settle their claims in a timely fashion; and neither one provides any securib/backing 
its reinsurance liabilities. Reinsurer A is authorized in the pdmary company's domiciliary state 
and Reinsurer B is not authorized. The provision for reinsurance for the recoverables from 
Reinsurer A is negligible, whereas the provision for reinsurance for the recoverables from 
Reinsurer B is large. The Schedule F formula may not be an accurate reflection of potential 
uncollectibility problems. 

The trigger for classification as a slow-paying reinsurer is viewed by some analysts as an 
arbitrary dividing line amidst a spectrum of reinsurers. A reinsurer with an overdue ratio of 

Unauthorized reinsurers domiciled in tax havens or in countries with less stringent insurance regulation 
are particularly likely to offer less expensive reinsurance coverage, though U.S. regulators generally frown on 
their activities. 
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21% is classified as slow-paying, whereas a reinsurer with a ratio of 19% is not slow-paying. 
The difference in the provision for reinsurance is greater than the empirical data justify. 

The parameters for the aging schedule and the overdue ratio were chosen subjectively; they 
were not based on statistical or actuarial analysis. The use of 90 days past due instead of 
120 days past due, the trigger of a 20% overdue ratio, and the 20% factor for the provision 
for reinsurance are subjective choices. This contributes to the perception that the provision 
for reinsurance does not properly measure the potential reinsurance uncollectibility exposure. 

INDICATORS OF UNCOLLECTIBILITY 

Were the provision for reinsurance merely an unsuitable proxy for uncoUectibility problems, the 
provision may have little benefit but it would also cause little harm. But the complex Schedule 
F calculations may foster a misleading aura of precision while obscuring more relevant 
indicators of potential uncollectibility. In the long run, Schedule F may hinder regulators from 
properly monitoring reinsurance uncollectibility problems. This is a serious drawback. 

Two of the primary indicators of potential uncollectibility problems are (i) the capital structure 
of the reinsurer and (ii) the extent of the reinsurer's potential liabilities in an adverse scenario: 

• Re insurersw i thh ighra t ioso fcap i ta l to theamounto f insurance in fo rceare less l i ke ly  
to default on their reinsurance obligations. 

• Reinsurerswi thh ighpotenUalexposurestothesameevent throughmul t ip lechannels  
are more likely to default on their reinsurance obligations. 

The "multi-channel" effect illustrates the importance of accurate assessments of potential 
reinsurance obligations. A reinsurer may have prudently limited its exposures to windstorm 
claims from its own reinsureds. But if the reinsurer has accepted retrocessions from other 
reinsurers, or if it has participated in layers of coverage written by other reinsurers, its total 
exposure in an adverse scenario may not be manageable. ~ 

The experience of mortgage lenders and of bond rating organizations illustrates the use of 
financial ratios to estimate probabilities of default. Mortgage lenders consider (i) the ratio of 
equity in the home to the debt on the home and (ii) the ratio of the homeowner's monthly 
income to the monthly mortgage payment. Writers of mortgage insurance use these ratios, 
along with similar factors, to price mortgage guarantee insurance contracts. 

On multi-channel effects, see Daykin, Pentik&inen, and Pesonen [1994]. (Daykin, Chris D., Teivo 
Pentik&inen, and M. Pesonen, Practical Risk Theory for Actuaries, First Edition (Chapman and Hall, 1994).) 
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The economist's inference is that competitive markets provide incentives to accurately 
quantify risk. A statutory formula that is not well correlated with actual default rates may 
interfere with these incentives and lead to less efficient markets. 

Bond rating organizations use a host of quantitative and qualitative factors to assign credit 
ratings to bond issues. The interest of creditors in commercial bond ratings parallels the 
interest of insurance regulators in estimates of reinsurance recoverables. Creditors 
(bondholders) adjust the interest rate in the bond indenture in anticipation of potential future 
default probabilities, just as primary insurance companies hold capital to guard against 
potential reinsurance uncollectibility problems. 

Although bond ratings are not perfect, they correlate reasonably well with empirical default 
costs. Arbitrage opportunities in efficient capital markets force this outcome. To the extent 
that bond ratings deviate from the expected probabilities of default, market credit spreads 
widen or narrow. ~ 

The aging schedule of the reinsurer is simple to compute, but it may be less relevant to future 
uncollectibility problems than the capital structure of the reinsurer and its potential exposures 
in an adverse scenario. The NAIC should spend its resources exploring better predictors of 
uncollectibility problems instead of revising and enhancing the Schedule F exhibits. 

THE REACH OF REGULATION 

Experienced regulators are aware of these issues. The problem is not the accuracy of the 
formula but the reach of regulation. 

To estimate reinsurance collectibility, regulators would prefer to examine the reinsurers, not 
the reinsureds. But reinsurance is a global market, and most large reinsurers are domiciled 
abroad. U.S. regulators lack authority to affect the operations of reinsurers that are not 
licensed in their states, even if the reinsurers are authorized to do business. They lack the 
information to examine the capital structures of these reinsurers or to estimate their potential 
liabilities after a major catastrophe. 

U.S. regulators can examine the insurance operations of reinsurers domiciled or licensed in 
their states, and they do this when a domestic reinsurer seems financially troubled. But 
aggressive regulation of domestic reinsurers may hamper their ability to compete with their 

Deviations from empirical default costs are often externally imposed. For instance, many pension funds 
and other institutional fiduciaries do not purchase bonds that are below investment grade. These institutional 
investors may bid up the price of BBB bonds (the lowest investment grade rating) and bid down the price of BB 
bonds (the highest non-investment grade rating). This is particularly true when a BBB bond is downgraded to 
BB or when a BB bond is upgraded to BBB. As a result, BB bonds have slightly higher net returns (i.e., default 
adjusted returns) than do BBB bonds, tn most financial markets, these effects are small. 
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European peers. Aggressive regulation may force domestic reinsurers to flee abroad to the 
Bahamas, the Cayman Islands, and similar sanctuaries. 

Instead, state regulators regulate the reinsureds, not the reinsurers. By imposing a provision 
for reinsurance on unsecured recoverables from unauthorized reinsurers, regulators provide 
incentives to alien companies to seek authorization to sell reinsurance in the states or to 
provide collateral if they wish to remain unauthorized. This is a round-about means of 
reinsurance regulation, but it may be the best that state regulators can accomplish. 

Securities regulation suggests that this not the best that insurance regulators can accomplish. 
Firms commonly open their books to rating agencies, such as Moody's or Standard & Poor's, 
and even pay for the financial examination, because they benefit from a good rating and 
because the financial examination is no more intrusive than it has to be. Many unauthorized 
reinsurers may do the same, if the state insurance examination is efficient and non-intrusive 
(unless warranted). Regulars would do well to seek the optimal methods to ensure financially 
sound reinsurance arrangements. 

PROSPECTIVE VS RETROSPECTIVE RISKS 

The major criticism of the provision for reinsurance is its misplaced focus. The most serious 
and controllable solvency risk for insurance companies is the lack of adequate reinsurance 
arrangements. This risk is a prospective one; it is the risk that the primary company has not 
adequately hedged its exposures to natural catastrophes or unforeseen claims. 

Adequate reinsurance arrangements are the bedrock of insurance risk management. Many 
insurance company failures can be traced to poor handling of reinsurance, such as excessive 
retentions, inadequate limits, and failure to cover significant exposures. These are all pre-loss 
issues; once the loss has occurred, a regulator can do little to salvage a distressed company. 

Neither the NAIC Annual Statement blank nor the NAIC risk-based capital formula attempts 
to measure the risks stemming from poor reinsurance arrangements. ~ Techniques for 
evaluating insurance company risk exposures are well established in private insurance and 
brokerage markets, even if they are sometimes hard to implement. Supervision of solvency 
risks should emphasize over-concentration of property exposures (a) in catastrophe prone 
areas, such as the Gulf Coast states of Florida, Taxes, and Louisiana, (b) along known 
earthquake fault lines, or (c) within major urban areas. Excessive retentions and insufficient 
limits in excess-of-loss reinsurance treaties may reflect the ceding company's acceptance of 
undue risk in the hope of lowering its reinsurance costs and maximizing its net income. 

This is not a criticism of insurance regulators. The actuaries on the American Academy of Actuaries 
risk-based capital task force spent a year and a half discussing the risks of natural catastrophes and 
inappropriate reinsurance arrangements without producing any suggestions. 
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Overuse or underuse of facultative reinsurance placements may reflect underwriting 
inexperience, timidity, or overconfidence. 

Once the loss has occurred and the Annual Statement has been filed, the damage has been 
done. Most losses from a September hurricane will have been settled by the end of the year. 
If the reinsurance protection was not adequate, the primary company may already be 
impaired; further monitoring of reinsurance recoverables has little benefit. 

The zealous quantification of aging schedules and overdue amounts may distract regulators 
from monitoring the risks stemming from improper reinsurance arrangements. Instead ofthe 
current Part 3 of Schedule F, regulators would be better served by an exhibit showing the 
terms of the proportional and the non-proportional reinsurance treaties and the facultative 
placements of the reporting company. Such an exhibit would require considerable 
underwriting skill to interpret, but it would contain the information that regulators need to ensure 
the sound reinsurance arrangements that promote long-term insurance solvency. 

Some companies may argue that a listing of reinsurance treaties and facultative placements 
without corresponding information about the amounts of insurance and the concentrations of 
risk by line of business and by geographic region is not sufficient to judge the adequacy of the 
reinsurance program. This argument has some truth, but it misses the role of regulation. 
Accounting entries by themselves are rarely sufficient to monitor insurance risks. The primary 
value of the accounting information is to highlight possible areas for further investigation. 

• A primary company with low policy limits in its reinsurance treaties or with restrictive 
policy provisions may have exposures that reinsurers are reluctant to accept. 

• A pdmary company with reinsurance ceded predominantly to off-shore reinsurers or 
to weakly capitalized reinsurers may have been unable to find domestic companies or 
financially stronger companies willing to accept the exposures. 

• A primary company with reinsurance cessions significantly lower than the industry 
average for the size of its direct business may be retaining too much of its exposure. 

• A primary company with its reinsurance concentrated in facultative placements instead 
of general treaties may have inadvertent gaps in its coverage. 

Financially distressed companies often have their reinsurance treaties canceled. Established 
reinsurers may refuse to provide coverage at affordable prices. Reinsurance programs of 
financially distressed companies may exhibit several of the characteristics listed above. This 
information is highly valuable to solvency regulators. 

Some industry personnel dislike public filings that reveal corporate underwriting strategies, 
treaty pricing, and reinsurance contract provisions. This is a valid concern. The most useful 
information for solvency monitoring is also the most proprietary information. Distressed 
companies have little incentive to publicize their distress. Public filings should include only 
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aggregate data that are of limited use to competitors. More accurate and revealing 
information is most suitable for non-public filings. 

This alternative reinsurance schedule is appropriate for statutory financial statements, not for 
GAAP financial statements, for several reasons: 

1. Reinsurance is peculiar to the insurance industry. GAAP statements are geared to 
general accounting, not to industry specific schedules. 

2. A listing of reinsurance treaties and facultative placements requires considerable 
expertise to understand. It is valuable to insurance regulators and their staffs; it is of 
limited value to most security analysts. A security analyst with expertise in reinsurance 
contract terms can turn to the statutory blank. 

3. The purchase of reinsurance is a trade-off between risk and return. Reinsurance reduces 
solvency risk, but it also reduces expected return. Equity investors are not necessarily dis- 
pleased by companies pursuing aggressive and potentially risky strategies that generate 
highexpectedretumsattheexpenseofhigherdefaultrisk. Efficient diversificaUon is done 
by the equity investor, not by company management. Investors often seek firms that 
pursue their strengths, not firms that diversify away from their core competencies. In 
contrast, policyholders are concerned with insolvency risk, not with the long-term expected 
return to the insurance company. Insurance regulators serve the interests of policyholders, 
not the interests of investors. 

Reinsurance is the primary company tool for managing insurance risk, and reinsurance 
regulation is at the core of solvency regulation. The importance that state regulators place on 
reinsurance is reflected in the comprehensive exhibits of Schedule F. 

Yet Schedule F is not perfect, and its exhibits are not necessarily the most effective means 
of reinsurance regulation. Bettertools for solvency regulation are already available in actuadal 
models and in the underwriting practices of many companies. Both the industry and the public 
would gain from joint efforts by the actuarial and regulatory communities to enhance the 
reinsurance schedule in the Annual Statement. 
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The Stanard-Biihlmann Reserving Procedure 
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Stanard-B0hlmann Reserving Procedure 

The Stanard-B0hlmann procedure is a major advance in casualty actuarial loss reserving 
methods. It has proved especially useful for reinsurers lacking the pricing data to perform 
Bomhuetter-Ferguson analyses. Primary companies may benefit equally from this technique, 
particularly if the pricing actuary's expected loss ratio is not consistent with actual experience. 

The Stanard-B~hlmann technique is similar to two other modified expected loss procedures: 
the Cape Cod method and the "adjustment to total known losses" (see Stanard [1985]). 
These are all methods of using the expected loss procedure when expected loss ratios are 
not available. We explain the similarities in this practitioner's guide, so that reserving 
actuaries may more knowledgeably choose among the techniques. 

The Stanard-B0hlmann procedure is an intuitive procedure. Its European genealogy and its 
reinsurance provenance give it an undeserved aura of mathematical complexity, deterring 
some actuaries from its charms. If fact, it is a simple and sensible technique, forming an 
excellent adjunct to the common chain ladder procedures. 

STRUCTURE OF THIS GUIDE 

We explain the intuition underlying chain ladder reserving techniques and expected loss 
reserving techniques. We show the algebraic extension of the Bomhuetter-Ferguson 
expected loss reserving technique to the Stanard-B0hlmann technique. 

This practitioners' guide emphasizes the concepts; the algebraic implementation is straight- 
forward. We examine the intuition underlying the Stanard-B0hlmann method and the required 
adjustments to premium. We present several illustrations to show the simplicity of this method 
and the various reserving applications for which it is applicable. 
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RESERVING PRINCIPLES 

The fundamental principle underlying most actuarial reserving techniques is that certain loss 
reporting pattems or loss settlement pattems remain relatively stable over time. The past 
observations, adjusted (if necessary) for changes in the insurance environment and company 
claims practices, are a reasonable predictor of future experience. 

Examples of this principle are statements such as 

• Case incurred losses as  of 24 months since inception of the accident year are expected 
to be 50% higher than case incurred losses as of 12 months for that accident year. 

• Cumulative paid losses as of 48 months since inception of the accident year are expected 
to be 20% higher than cumulative paid losses as of 36 months for that accident year. 

The format of the two statements above is that the cumulative losses (of whatever type) as of 
development period i+1 are X% greater or lower than the same cumulative losses as of 
development period i, is the application of the principle to a specific reserving technique, the 
chain ladder procedure. The format differs for other reserving techniques, such as the 
Stanard-BQhlmann method. 

The fundamental principle is that there is stability in the loss reporting pattern or in the loss 
settlement pattern. The loss reserving methods differ in the base against which we measure 
the stability. 
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ILLUSTRATION: PATTERNS OF STABILITY 

Past observations indicate that losses of $550,000 would be paid over a five year period in 
the following fashion: 

Development Months 

Paid Losses 

0 - 12 12 - 24 24 - 36 36 - 48 48 - 60 

$100,000 $200,000 $150,000 $75,000 $25,000 

We formulate the observed pattern in several ways. 

A. IncrementalDevelopment: Losses paid between 12 months and 24 months are equal 
to twice the losses paid between 0 months and 12 months. Losses paid between 24 
months and 36 months are equal to 3,4 of the losses paid between 12 months and 24 
months. 

B. Cumulative Development: The cumulative losses paid between 0 months and 24 months 
are equal to 3 times the cumulative losses paid between 0 months and 12 months. The 
cumulative losses paid between 0 months and 36 months are equal to 1.500 times the 
cumulative losses paid between 0 months and 24 months. 

C. Percentages of Ultimate: Of the $550,000 total paid losses, 18.2% are paid in the first 
12 months, and 36.4% are paid in the next 12 months. 

These pattems differ in the measurement base. The patterns are shown in the table below: 

Development Months 0 - 12 12 - 24 24 - 36 

Paid Losses $100,000 $200,000 $150,000 

Incremental ratio 2.000 0.750 

Cumulative ratio 3.000 1.500 

Percent of ultimate 0.182 0.364 0.273 0.136 

36 - 48 

$75,000 

0.500 

1.167 

48 - 60 

$25,000 

0.333 

1.047 

0.045 

The manner of expressing the pattern depends on the measurement base. 1 

1 Brosius [1993: =Loss Development Using Credibility"] presents a statistical procedure for selecting the 
base. The Brosius procedure allows for multiple bases - such as 60% of one base plus 40% of another base, 
and it determines the optimal percent of each. 
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EXPECTED LOSSES vs. ACTUALLOSSES 

For the expected losses, the bases in the example above can be converted into one another. 
If we are told the"incremental ratio" pattern, we can derive the"cumulative ratio" pattem and 
the =percent of ultimate" pattern. 

The chain ladder method uses the cumulative ratio basis. The paid loss link ratio from 36 to 
48 months is the 1.167 in the 36 to 48 months column of the cumulative ratio row. The 
cumulative product of the link ratios from a given development date forward is the loss 
development factor. The loss development factor from 36 months to ultimate is 1.167 x 1.047 
= 1.222. 

The percent of ultimate row is used for both the Bornhuetter-Ferguson method and the 
Stanard-BOhlmann method. The Bornhuetter-Ferguson factor is the sum of the percent of 
ultimate figures from a given development date forward. For instance, the Bornhuetter- 
Ferguson factor from 36 months to ultimate is 0.136 + 0.045 = 0.181. 

The Bornhuetter-Ferguson factor equals 1 - (1 divided by the link ratio). In this example, 
0.181 = 1 - (1 :- 1.222). 

The loss lag used in the Stanard-BOhlmann method is the complement of the Bornhuetter- 
Ferguson factor. The loss payment lag at 36 months is 1 - 0.181 = 0,819. 

DETERMINING THE PATTERNS 

There are various ways of determining these patterns. The prospective future pattern is 
generally based on the historical observed patterns, with several adjustments. 

Averages: We might use either unweighted averages or weighted averages of historical 
observations, such as the cumulative link ratios in the experience period. When the 
weights are the same as the measurement base-  e.g., the weights are the losses at the 
start of the period for the chain ladder link ratios- the weighted average may be computed 
by taking the totals for several years? 

• Outliers: We might eliminate outliers. For instance, we might use averages which discard 

2 Weighted averages are preferable when the differences in volume stem from differences in exposures. 
Unweighted averages are preferable when the differences in volume stem from monetary inflation. The Mahler 
paradigm of shifting risk parameters implies that more weight be given to the more recent years. Mahler's 
advances in credibility theory are particularly applicable to loss reserving, since the covariance matrix can be 
estimated from the experience. 
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the high value and the low value. 

Inflation:Changing inflation rates may bias the projected pattern. To corract for changes 
in the inflation rate, we might deflate the historical triangle for past inflation, perform the 
actuarial analysis on "real dollar" figures, and project forward with future expected inflation 
or stochastic inflation rate paths (cf. Hodes, Feldblum, and Blumsohn [1999]). 

Trend and other Adjustments: When the insurance environment is changing, we might 
trend the historical figures. Examples with significant effects are changing attomey 
involvement in private passenger automobile claims and changing claims management 
practices in workers' compensation insurance. For small insurers, we might weight 
company averages with industry averages, or state averages with countrywide averages. 

Once we determined any one pattern, we have determined the other pattems as well. One 
sometimes hears that all of these methods start with the expected link ratios. We could 
equally well say that all these methods start with the expected Bomhuetter-Ferguson factors 
or with the expected loss lags. 
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FUTURE VALUES 

The determination of the factors is the same for all three reserving methods. The use of the 
factors differs among the reserving methods. 

• For chain ladder methods, we apply the expected factors to the cumulative paid or 
reported losses for each experience year. We do not need the estimated ultimate losses 
for the block of business. 

• For the Bomhuetter-Ferguson method, we apply the factors to the estimated ultimate 
losses for the block of business. We do not need the cumulative paid or reported losses 
for each experience year. 

In the example above, the paid losses in the first 12 months equal 18.2% of the estimated 
ultimate paid losses. Suppose we are using this historical pattem to estimate the needed 
reserves for a more recent accident year. What if the paid losses in the first 12 months of this 
accident year equal 25% of the estimated ultimate losses, not 18.2% of the ultimate losses? 

• Thechainladdermethodsays:"UsethecumulaUvepaidlossesinthefirst12months; 
ignore the estimated ultimate losses." 

• The Bornhuetter-Ferguson method says: "Use the estimated ultimate losses; ignore the 
cumulative paid losses in the first 12 months." 

CHOICE OF METHOD 

Brosius, following Hugh White's discussion of the Bomhuetter-Ferguson paper, explains the 
differing philosophy of these two alternatives. 

• The chain ladder method assumes that unusually high or low cumulative paid losses to 
date is indicative of correspondingly high or low paid losses in future development 
periods. 

• The Bornhuetter-Ferguson method assumes that unusually high or loss cumulative paid 
losses to date reflects random loss fluctuations. This is not indicative of unusually high or 
low paid losses in the remaining development periods. 

As Brosius points out, the truth is generally in between these two alternatives. 

Yet the extreme cases interest us, because certain attributes of the insurance scenario argue 
for one or the other of these cases. 3 

3 See Bomhuetter-Ferguson [1972] and Brosius [1993]. 
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• When losses are very immature, orwhen loss severity is large but loss frequency is low, 
or when the variability of losses is unusually great, the Bomhuetter-Ferguson expected loss 
method may be favored. 

• When losses are mature, or when loss severity is low but loss frequency is high, or when 
the variability of losses is small, the chain ladder method may be favored. 

Excess of loss reinsurance has the former attributes, so many reinsurance actuaries are 
inclined to use expected loss reserving procedures. But there is a problem with expected loss 
procedures as applied to reinsurance. 

ESTIMATED ULTIMATE LOSSES 

The Bomhuetter-Ferguson method needs an estimate of the ultimate losses. For primary 
companies, this may not be a problem. Pricing actuaries estimate ultimate losses to set 
premium rates. The reserving actuary can use the estimate provided by the pricing actuary. 

The estimated ultimate losses equal the premium times the expected loss ratio. This estimate 
is suitable when the indicated premium is also the premium charged. The estimate must be 
adjusted when the premium in the rate manual is not the pricing actuary's indicated premium. 
It must be further adjusted when underwriters provide schedule credits and debits to individual 
insureds, as is commonly done in the commercial lines of business. These adjustments 
demand business acumen, but a knowledgeable reserving actuary can sometimes make a 
reasonable estimate of the ultimate losses. 

The reinsurer's reserving actuary does not have the data needed for this. The reinsurer's 
reserving book of business may consist of disparate pieces with different expected loss 
ratios. The reinsurer does not have the information to adjust for the adequacy level of the 
primary premiums or for schedule credits and debits provided by the primary underwriters. 

This is also true for primary insurance enterprises if the reserving actuary does not have 
access to the pricing actuary's estimates, to manual deviations from indicated rates, or to the 
underwriters' discretionary price modifications. This is often the case for large commercial 
lines insurers. 
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Stanard-BQhlmann 

Two eminent actuaries, James Stanard and Hans BQhlmann, provided a solution. If we have 
sufficient past experience, they argued, we don't need to know the expected loss ratio. We 
simply need to adjust all premiums in the historical period to the same level of adequacy. 

The needed adjustments to the premiums are straightforward. However, these adjustments 
will divert us from the intuition underlying their reserving technique. For the moment we skip 
these adjustments; we explain them further below. For our first set of illustrations, assume that 
premiums are at the same level of adequacy for each year. 

Let us clarify the assumption. We do not know the expected loss ratio for any year. But 
whatever the expected loss ratio is, it is the same for all years. 

We use a numerical example to illustrate the Stanard-BOhlmann method. In practice, this 
method is most useful for long-tailed lines of business with relatively little reported loss or paid 
loss in the first 2 or 3 years of development. For heuristic purposes, we use a simpler 
example. 

Determining the Pattern 

The first task is to determine the pattem that is assumed to remain stable. For the Stanard- 
BQhlmann method, as for the other expected loss methods, the "percent of ultimate" pattern 
is assumed to remain relatively stable from year to year. 

Stable percentages of ultimate is the assumption that we use to determine the outstanding 
losses. It is not necessarily the assumption we use to determine the pattern. 

We said above that if we determine the incremental ratios or the cumulative ratios, we know 
the percentages of ultimate. Conversely, if we determine the percentages of ultimate, we 
know the incremental ratios and the cumulative ratios. We ask: "Which is the easiest pattern 
to determine?" not "Which pattern do we want to use?" 

This question is surprisingly easy to answer. If we try to determine the percentages of 
ultimate, we can't use all the data at our disposal. In particular, we can't use any of the most 
current data. If we try to determine the incremental ratios or the cumulative ratios, we use all 
the historical data, including the most recent data. 

Let us explain. If we try to determine the percentages of ultimate, we can use only mature 
accident years that have developed to ultimate. The patterns may have changed in the 
intervening years, as the social, economic, and insurance environments changed. 
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If we use incremental ratios or cumulative ratios, we can use all accident years, including even 
the most recent calendar year information in each accident year. This was the advance in 
casualty loss reserving theory that gave rise to the chain ladder method. 4 

We still must choose between the incremental ratios and the cumulative ratios. At early 
development periods, both methods work reasonablywell. At laterdevelopment periods, the 
incremental reported losses and even the incremental paid losses are relatively small. Small 
figures in the numerator of the ratios do not distort the estimation procedure. But small figures 
in the denominator of the ratios cause ratios that may be unrealistically large, reducing the 
accuracy of the results and adding significant bias. 

Illustration: The table below shows reported loss development from ten years to 12 years. 
The table has five accident years and five columns, showing 

• cumulative reported losses at ten years of development, 
• incremental reported losses in year 11, 
• cumulative reported losses at eleven years of development, 
• incremental reported losses in year 12, and 
• cumulative reported losses at 12 years of development. 

All figures are in thousands of dollars. 

Reported Incremental Reported Incremental Reported 
Accident Losses at Losses in Losses at Losses in Losses at 

Year Ten Years Year Eleven Eleven Yrs Year Twelve Twelve Yrs 
(1) (2) (3) (4) (5) (6) 

20X0 100,000 100 100,100 1,100 101,200 

20X1 110,000 1,100 111,100 0 111,100 

20X2 120,000 0 120,000 1 120,001 

20X3 130,000 -100 129,900 1,100 131,000 

20X4 140,000 1 140,001 100 140,101 

The age-to-age link ratio from year 11 to year 12 is stable when using cumulative reported 
losses but is not stable when using incremental reported losses. 

4 Health actuaries often use =claim completion percentages," which are chain ladder paid loss 
development factors that rely on mature years only. Since medical claims are settled quickly, the reliance on 
mature experience periods is not onerous; see Bluhm, Group Insurance, chapter 30. For a typology of 
reserving procedures, see Saltzman [1984]. 
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Age-to-Age Factor Age-to-Age Factor 
Accident Using Cumulative Using Incremental 

Year Reported Losses Reported Losses 
(1) (7) = (8) / (4) (8) = (5) / (3) 

20X0 1.011 11.000 

20Xl 1.000 0.000 

20X2 1.000 oo 

20X3 1 . 0 0 8  -11.000 

20X4 1.001 100.000 

This is the rationale for the method of determining the pattern. All three reserving procedures 
- chain ladder, Bomhuetter-Ferguson, and Stanard-B0hlmann- begin by estimating link ratios 
(or cumulative age-to-age factors). 

Loss development factors are determined as the cumulative products of the link ratios. The 
loss lags used in the Stanard-B0hlmann procedure, as well as the Bornhuetter-Ferguson 
factors, are percent of ultimate ratios. 

• The reported loss lag is the percent of expected ultimate losses that have been reported 
by the development date. 

• The paid loss lag is the percent of expected ultimate losses that have been paid by the 
development date. 

• The loss lag equals the reciprocal of the loss development factor. 
• The Bornhuetter-Ferguson factor is the complement of the loss lag, or "1 - loss lag." 
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Illustration: Reported loss link ratios for a block of business are shown below. We compute 
the corresponding loss development factors, loss lags, and Bomhuetter-Ferguson factors. 

Development Months 12 - 24 24 - 36 36 - 48 48 - 60 60 - ult 

Link ratio 1.500 1.250 1.100 1.050 1.020 

The loss development factors are the cumulative products of the link ratios. The loss 
development factor from 12 months to ultimate equals 

1.500x 1.250x 1.100x 1.050x 1.020=2.209. 

The loss lag at 12 months equals 1 / 2.209 = 0.453. The Bomhuetter-Ferguson factor at 12 
months equals 1 - 0.453 = 0.547. 

Development Months 12 mos. 24 mos. 36 mos. 48 mos. 60 mos. 

Link ratio 1.500 1.250 1.100 1.050 1.020 

Loss development factor 2.209 1.473 1.178 1.071 1.020 

Loss lag 0.453 0.679 0.849 0.934 0.980 

B-F factor 0.547 0.321 0.151 0.066 0.020 
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ALGEBRA 

We show first the algebraic derivation of the Stanard-B(Jhlmann method from the Bomhuetter- 
Ferguson method, which is better known to many readers. The algebra is straightforward. 
The elegance of the technique is the intuition, which we discuss next. 

Illustration: We have determined the following percentages of losses that are repotted by 
each development date from the inception of the accident year. The slow loss repotting 
pattem is characteristic of casualty excess-of-loss reinsurance, products liability, and 
professional liability. 

Loss Percent Loss Percent 
Lag Reported Lag Repotted 

12 mos 30% 72 mos 85% 

24 mos 50% 84 mos 90% 

36 mos 65% 96 mos 94% 

48 mos 75% 108 mos 97% 

60 mos 80% 120 mos 99% 

At December 31,20X9, we have the following data on premiums and repotted losses for the 
ten most recent accident years. 

Adjusted Repotted Adjusted Repotted 
Year Premiums Losses Year Premiums Losses 

20X0 200 million 150 million 20X5 300 million 185 million 

20Xl 220 million 155 million 20X6 320 million 205 million 

20X2 240 million 200 million 20X7 340 million 155 million 

20X3 260 million 175 million 20X8 375 million 185 million 

20X4 280 million 215 million 20X9 400 million 75 million 
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Premiums and Losses 

Adjusted premiums are premiums on the same level of adequacy for all accident years. We 
have not yet explained what adjustments are needed to bring premiums to the "same level of 
adequacy"; we deal with that issue further below. We comment here on two items. 

1. There is no need for an absolute level of adequacy. The premiums may be 20% 
inadequate in each year, or they may be 10% redundant in each year. It won't make any 
difference for the reserve indication. 

2. For the reserving technique to be useful, the reserving actuary must be able to make the 
needed adjustments. If the actuary had to examine past rate reviews to determine the 
adequacy of the rates, the reserving technique would have only limited applicability. 

We do not mean that knowledge of the underlying data is irrelevant. No matter what 
reserving procedure is used, an understanding of the underlying data improves the reserve 
indications. We are saying only that this knowledge not any more essential for the 
Stanard-BOhlmann technique than it is for other reserving techniques. 

The premium adjustments are relatively easy, ifthe intuition for the adjustments is clear. We 
return to this subject below. 

The Stanard-B0hlmann technique may be used with either reported losses or paid losses and 
with either dollars of loss or with number of claims, s The type of premium adjustment differs 
for dollars of loss versus number of claims; see below. 

s The separate quantification of loss frequency and loss severity allows for estimation of loss frequency 
along development rows and estimation of average severity by inflation indices. 
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SIMULTANEOUS EQUATIONS 

TO keep the intuition clear, we use a pair of simultaneous linear equations. The mathematics 
can be reduced to a single expression. 

If the premiums are at the same adequacy level, then the multiplicative factor needed to arrive 
at the expected losses is the same for all years. For instance, if the premiums are all 20% 
inadequate, then the expected losses in each year equal 

premium x 1.200 x expected loss ratio, e 

Let Z = the expected loss ratio times the factor needed to bring premiums to adequate levels. 
Let Y~ = the bulk reserves for year "i." 
Let Y = the total bulk reserve; that is, Y = T. Y,. 

The index "/"ranges from 0 to 9, corresponding to accident years 20XO through 20X9. 

We write the Bomhuetter-Ferguson expected loss equations for years 0 through 9. For any 
year, the bulk loss reserves equal 

premium at  an adequate leve l×  the expected loss ratio x expected percentage unreported. 

For year 20X0, the expected percentage already reported is 99%, so the Bomhuetter- 
Ferguson estimate of the bulk reserves is 

$200 mil l ion x Z x (1 - 99%) = Yo 

We do the same for each accident year. For the 20X9 accident year, the estimate is 

$400 mil l ion x Z x ( I  - 30%) = Y9 

We sum all 10 equations to get 

Z x [$200 mil l ion x (1 - 99%) + . . .  + $400 mil l ion x (1 - 30%)]  = ~Y~ = Y. 

6 The terms "premium adequacy" and "expected loss ratio" have numerous interpretations. When used 
in a pricing context, premium adequacy generally has an economic meaning: premiums are adequate if they 
provide a reasonable retum to the insurance enterprise. Statutory reserving uses undiscounted losses. By 
"premium adequacy" and =expected loss ratio" in this paper we mean figures such that ultimata (undiscounted) 
losses equal adequate premiums times the expected loss ratio. 
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This is a linear equation in two variables, Z and Y. 

From the definition of the expected loss ratio, we know that over a long period of time, the total 
reported losses plus the total bulk reserves should be close to the total expected losses. We 
write the equation for this statement as 

[$150 million + . . .  + $75 million] + Y = Z x [$200 million + . . .  + $400 million] 

This is also a linear equation in two unknowns, Y and Z. 

To solve this pair of linear equations, we compute the three sums in these equations. 

• The sum of the adjusted premiums is $2,935 million 
• The sum of the reported losses is $1,700 million 
• The sum of the adjusted premiums x the Bornhuetter-Ferguson factors is $817.5 million 

The two equations are 

Z x $817.5 million = Y 
$1700 million + Y = Z x $2935 million 

We can solve these two equations for the values of"Y" and "Z." We need to find "Y," the total 
bulk reserve. We eliminate Z by writing Z = Y ÷ $817.5 million. We write 

$1700 million + Y = Y x $2935 million - $817.5 million 
$1700 million x $817.5 million = Y x $2117.5 million 
Y = $1700 million x $817.5 million - $2117.5 million 

Let us stop here. The algebra is straightforward. Our goal is to derive an equation that we can 
write down from intuition alone. We turn now to the intuition. 
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INTUITION 

Consider year 20X9. The adjusted premium is $400 million. By 12 months from the inception 
of the accident year, 30% of the adjusted premium, or $120 million, has been processed into 
reported losses. The other 70% of the adjusted premium, or $280 million, has not yet been 
processed into reported losses. 

The word "processed" warrants explanation. The adjusted premium does not become 
reported losses. Rather, think of the verb "process" as connoting emergence or development 
or settlement. We need a general term that denotes the relationship between the premium 
collected and the loss activity. 

There is some relationship between the $400 million of premium and the ultimate reported 
losses. We don't know this relationship, since we don't know the expected loss ratio and we 
don't know the level of premium adequacy. We know only that at 12 months of development, 
30% of the losses should have been reported. $120 million of premium has the same 
relationship to the losses that have already been reported as the other $280 million of 
premium has to the losses that are yet to be reported. 

The reader might think: 'We have solved the reserving problem." The relationship is the same 
for the $120 million of premium that has already been processed as for the $280 million of 
premium that has yet to be processed. The $120 million of premium that has already been 
processed corresponds to $75 million of reported losses. We form the equation 

$120 million : $75 million :: $280 million : X 

We solve for X, the bulk reserve, as X = $75 million x $280 million / $120 million, or X = $175 
million. 

That is not right. The logic makes sense; it is the logic of the chain ladder loss development 
technique. We can see this in two ways. 

1. Using this logic, the bulk reserve is directly dependent on the losses that have been 
reported so far. If the reported losses at 12 months were twice as high ($150 million 
instead of $75 million), the bulk reserve would be twice as large. We verify this by writing 

$120 million : $150 million :: $280 million : X 
X = $350 million. 

2. If this is the chain ladder loss development procedure, there must be a loss development 
factor hidden here somewhere. We solved for X in the previous equation as X = $175 



million. This says that X = bulk loss reserves = 

reported losses x expected losses unreported / expected losses already reported 
= reported losses x (1 - l o s s  lag) / (loss lag). 

The loss lag is the reciprocal of the loss development factor. We rewrite the expression above: 

(1 - loss lag) / (loss lag) = (1 - 1/LDF) / (1/LDF) = L D F -  I. 

For the chain ladder reserving method, the reported losses times (LDF-  1 ) equals the bulk 
loss reserve. 

This is the result that we are trying to avoid. Losses are volatile, and we don't want to give too 
much credence to the $75 million of losses that have been reported as of 12 months for 
accident year 20X9. 



ACTUARIAL PRESENT VALUES 

We would like to use all the available data by combining the various accident years. We can 
not add dollars from two different years, since a dollar from year X is worth more than a dollar 
from year X+I when the inflation rate is positive. 

We can add present values of dollars if the dollars have been discounted or accumulated to 
the same date. If we know the present value of 20X1 premiums as of a given date and the 
present value of 20X2 premiums as of the same date, we can add them to get the present 
value of the combined premiums as of that date. 

It seems as though we need the present values of the premiums and losses to add figures 
from different years. We don't have these present values. In fact, we can't possibly have 
these present values, since the premiums for a given accident year may be paid at different 
times. Similarly, the losses for a given accident year may be paid at different times. 

But we don't need the present values. We are comparing premiums to losses. We require 
only that the change in premiums from year to year should equal the change in expected 
losses from year to year. Two conditions suffice for this: 

i. The expense ratio stays constant from year to year, and 
ii. The premiums are at the same level of adequacy from year to year. 

The premium adjustment ensures the same adequacy level from year to year. The constancy 
of the expense ratio is less critical. Expense ratios don't change much from year to year, and 
we assume that they stay constant. A significant change in expense ratios would necessitate 
additional premium adjustments. Such changes are not common. 

We said above that =we don't need present values." Perhaps that is an overstatement. We 
might rephrase this to say that 

since we are comparing premiums to losses, we can get away with adding nominal 
amounts from different years. We are not adding apples and oranges; we are adding 
golden delicious apples with Mclntosh apples. It's not perfect, but #'s the bestwe can do. 
The cost of getting present values is greater than the improved accuracy we might 
obtain. 
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COMBINING YEARS 

We combine the processed premium from each year, and we combine the reported losses 
from each year. 

A. For accident year 20X9, $120 million of premium (30% x $400 million) has been 
processed so far, and $75 million of losses have been reported. 

B. For accident year 20X8, $187.5 million of premium (50% x $375 million) has been 
processed so far, and $185 million of losses have been reported. 

We do this for all ten accident years. The total processed premium is $2117.5 million. The 
total reported losses are $1700 million. The total premium that remains to be processed is 
$817.5 million. We form the equation 

$2117.5 million : $1700 million :: $817.5 million : X 

We solve for X, the total bulk reserve, as X = $1700 x $817.5 + $2117.5 = $656.3 million. 
This is the equation that we derived eadier using the Bomhuetter-Ferguson method. 

796 



ILLUSTRATION: BASIC FORMULA 

Additional examples are helpful to the practicing actuary. We provide a few further illustrations 
before proceeding. We estimate the IBNR from the figures below. 

Calendar/ Adjusted Aggregate Aggregate 
Accident Earned Reported Reported 

Year Premium Loss Loss Lag 

1993 200 150 75% 

1994 250 200 67% 

1995 300 100 40% 

1996 350 50 10% 

Total 1,100 500 
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Intuition 

From the loss lags and the reported losses, we compute the premium that has already been 
processed for each accident year and the premium that has not yet been processed. 

(1) (2) (3) (4) (5) (6) 

Calendar/ Adjusted Aggregate Aggregate Processed Remaining 
Accident Earned Reported Repor ted  Premium Premium 

Year Premium Loss Loss Lag (2) x (4) (2) x [1-(4)] 

1993 200 150 75% 150.0 50.0 

1994 250 200 67% 167.5 82.5 

1995 300 100 40% 120.0 180.0 

1996 350 50 10% 35.0 315.0 

Total 1,100 500 472.5 627.5 

We use the entries from the "total" line shown in italics. If Y = the bulk reserve, we have 

500 : Y ::  472.5 : 627.5 

or Y = 500 x 627.5 + 472.5 = 664. 
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Algebra 

The Stanard-BOhlmann method is a Bomhuetter-Ferguson method where the expected loss 
ratio is derived from the observed data. We show the relationship of the two methods. 

The Bomhuetter-Ferguson factors equal =1 -the loss lag" or [ 1 - (4) ] in the table above. The 
bulk reserve for each year is the expected total losses times the Bomhuetter-Ferguson factor. 

Since the adjusted premiums are at the same adequacy level, the adjusted premium times 
a constant equals the expected losses in each year. We denote this constant as "ELR." 

The bulk reserve for year 1993 using the Bomhuetter-Ferguson method equals 

$200 x [1 - 75%] x ELR. 

We form a similar equation for all the years in the historical period. The total bulk reserve for 
all years combined is $627.5 x ELR. 

The total reported losses are $500. The total incurred losses equal $500 + $627.5 x ELR. 
The ELR is the total incurred losses divided by the total adjusted premium, or 

[$500 + $627.5 x ELR] + $1100 = ELR. 
$500 = $472.5 x ELR 
ELR = $500 + $472.5 

Since the bulk reserve equals $627.5 x ELR, we have 

bulk reserve = $500 x $627.5 + $472.5 = $664. 
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VOLATILE LOSSES 

We estimate the IBNR loss reserve using the figures below. 

Adjusted A g g r e g a t e  Aggregate 
Cal./Acc. Eamed Reported Reported 

Year Premium Loss Loss Lag 

1993 10,000 1,000 95% 

1994 10,000 6,000 85% 

1995 10,000 5,000 70% 

1996 10,000 5,000 50% 

1997 10,000 4,000 30% 
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Reported Losses vs. Expected Losses 

The Stanard-B0hlmann technique is most useful when losses are highly volatile and we don't 
have a good feel for the expected loss ratio. 

• For 1997, adjusted premiums are $10,000, and $4,000 of losses have been reported. 
• For 1993, adjusted premiums are $10,000, and $1,000 of losses have been reported. 

At the current valuation date, the loss lags suggest a 95% to 30% reporting ratio for 1993 
compared with 1997. The observed reporting ratio is 1 to 4. 

(1) 

Cal./Acc. 
Year 

(2) 

Adjusted 
Earned 

Premium 

(3) 

Aggregate 
Reported 

Loss 

(4) 

Aggregate 
Reported 
Loss Lag 

(5) 

Processed 
Premium 
(2) x (4) 

(6) 

Remaining 
Premium 

(2) x [1-(4)] 

1993 10,000 1,000 95% 9,500 500 

1994 10,000 6,000 85% 8,500 1,500 

1995 10,000 5,000 70% 7,000 3,000 

1996 10,000 5,000 50% 5,000 5,000 

1997 10,000 4,000 30% 3,000 7,000 

Total 50,000 21,000 33,000 17,000 

Letting Y = the bulk loss reserve, we have 

21,000 : Y :: 33,000 : 17,000 
Y= 10,818 
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IBNR RESERVES 

We determine the IBNR reserves from the following data: 

Accident Adjusted Earned Incurred Losses 
Year Premium December 31,2000 
1998 $25,781 $16,500 
1999 $28,125 $9,000 
2000 $30,469 $3,900 

Age (months) Percent Reoorted 
12 16.0% 
24 40.0% 
36 80.0% 
48 100.0% 
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Processing Ratio 

(1) (2) (3) (4) (5) (6) 

Adjusted Aggregate Aggregate Processed Remaining 
Cal./Acc. Earned Reported Reported Premium Premium 

Year Premium Loss Loss Lag (2) x (4) (2) x [1-(4)] 

1998 $25,781 $16,500 80% $20,624.80 $5,156.20 

1999 $28,125 $9,000 40% $11,250.00 $16,875.00 

2000 $30,469 $3,900 16% $4,875.04 $25,593.96 

Total $84,375 $29,400 $36,742.84 $47,617.16 

Letting Y = the bulk loss reserve, we have 

$47,617.16 : Y :: $36,742.84 : $29,400 
Y= $38,101.15 
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WEIGHTED VS. UNWEIGHTED AVERAGES 

We said above that using nominal values instead of present values is like mixing golden 
delicious apples with Mclntosh apples. We explain what we mean by this. 

Suppose we are determining age-to-age factors (link ratios) from three years of experience. 
Should we use the simple average of the three years or should we use a weighted average? 
The weights for the weighted average are normally the loss amounts at the eadier of the two 
valuations, though we might also use the premium volume for the three experience years. The 
weighted average gives more weight to the years with a greater volume of experience. The 
unweighted average gives equal weight to all years. 

This question has baffled generations of reserve actuaries, though the answer (in most cases) 
is not difficult. 

1. A more recent year is a better predictor of future experience than a less recent year. 
Mahler [1990] refers to this as "shifting risk parameters." He shows the implications for 
ratemaking and for experience rating; the same logic applies to reserving. The more 
recent accident years should receive more weight than the older accident years. This is 
particularly important when potential trends appear in the columns of age-to-age factors. 

The greater weight that should be assigned to more recent years does not depend on the 
volume of business. Our question is different. Besides the greater weight that should be 
applied to more recent years, should we apply greater weight to years with greater 
volume? 

2. The answer is that we should assign weights in proportion to the real volume of business. 
The loss amounts in each year differ for two reasons: (i) the =real dollar" amount of losses 
may differ, and (ii) inflation causes the nominal amount of losses to differ even though the 
"real dollar" amount of losses may be the same among the years. 

Ideally, we should weight the accident years by the deflated dollar amount of losses. 7 
Using deflated losses as weights is complex; the following rule is a reasonable proxy. 
When the dollar amount of losses is consistent with monetary inflation, we should use 
unweighted averages. When the dollar amount of losses is considerably different from 
monetary inflation, we should use weighted averages. 

7 Ideally, we should perform the entire reserve analysis using deflated losses, to avoid distortions caused 
by varying inflation rates. For a complete discussion, see Hodes, Feldblum, and Blumsohn [1999]. 
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Adjusted Premiums 

We have not yet discussed the premium adjustments. The premium adjustments depend on 
the type of loss data. If we use reported losses or paid losses, we use one type of adjustment. 
If we use reported claims or paid claims, the adjustment is different. 

Before stating the general rule, we provide a set of illustrations. Each illustration is so simple 
that the adjustment is trivial. The series of illustrations covers all the relevant scenados. 

ILLUSTRATION # 1: RATE CHANGE 

We have two accident years, 20X1 and 20X2. There is no expected loss trend; that is, the 
loss trend is 0% per annum. 

Eamed premium is $100 million in 20X1 and $120 million in 20X2. All policies are 
effective on January 1. On January 1,20X2, there was a +10% rate change. The exposure 
base is not inflation sensitive. 

We adjust the 20X1 and 20X2 eamed premiums to the same adequacy level for a Stanard- 
BOhlmann procedure dealing with reported losses or paid losses. 

This scenario has no loss trend: neither a loss severity trend nor a loss frequency trend. We 
took a +10% rate change on January 1,20X2. 

We can conceive of this in various ways: 

1. The 20X1 premiums are exactly adequate. If so, the 20X2 premiums are 10% redundant. 
To bring the premiums to the same adequacy level for the two years, we divide the 20X2 
premiums by 1.100. 

2. The 20X2 premiums are exactly adequate. If so, the 20X1 premiums are deficient by a 
factor of 1 + 1.100. To bring the premiums to the same adequacy level for the two years, 
we multiply the 20X1 premiums by 1.100. 

These two scenarios give the same result in the Stanard-BfJhlmann technique. Multiplying 
the numerator of a ratio by a constant has the same effect as dividing the denominator of 
the ratio by the same constant. 

3. There are a variety of other possibilities. The 20X1 premiums might be deficient by 5%, 
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or by 15%, or they might be redundant by 5%, or by 15%. They all lead to the same 
Stanard-BQhlmann result. 

Given the various possibilities, which should we choose? The actuarial convention is to leave 
the most recent year unadjusted and to adjust pdor years to the level of the most recent year. 

This is a general actuarial convention, with the following rationale. The readers of the 
reserving actuary's report may not understand the Stanard-B0hlmann technique. In most 
situations, other company personnel believe that the current year is =correct." It is easier to 
explain an adjustment of prior years to the adequacy level of the current year than to explain 
an adjustment of the current year to the adequacy level of past years. 

Thus, we multiply the 20X1 premium by 1 plus the January 1,20X2, rate change amount. 

We said above that =these two scenarios give the same result in the Stanard-BOhlmann 
technique." We show this explicitly. 

We said earlier that if all premiums are at the same adequacy level, we can multiply all 
premiums by a constant "Z" to convert premiums into expected losses. 

Illustration: Suppose the expected loss ratio is 70%, the 20X1 premiums are exactly 
adequate, and the 20X2 premiums are 10% redundant. 

1. If we multiply the 20X1 premium by 1.100, the premiums in both years are 10% redundant. 
The value of ='£' is 70% / 1.100. In combination, we have multiplied the 20X1 premium by 
1.100 x 70% / 1.100 = 70%. We have multiplied the 20X2 premium by 70% / 1.100. 

2. If we divide the 20X2 premium by 1.100, the premiums in both years are exactly adequate. 
The value of =Z" is 70%. In combination, we have multiplied 20X1 premium by 70%. We 
have multiplied the 20X2 premium by 70% / 1.100. 

We get the same result in both cases. This is true for all scenarios. 
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ILLUSTRATION #2: LOSS TRENDS 

We assume a loss severity trend of +10% per annum, and we eliminate the rate change. 

We have two accident years, 20X1 and 20X2. The loss severity trend is +10% per annum. 
The claim frequency per exposure unit is the same in both years, though the number of 
exposure units may be different. 

Earned premium is$100 million in 20Xl and $120 million in 20X2. All policies are effective 
on January 1. There have been no rate changes, and the exposure base is not inflation 
sensitive. 

We adjust the 20Xl and 20X2 eamed premiums to the same adequacy level for a Stanard- 
BOhlmann procedure dealing with reported losses or paid losses. 

Let us review the possible scenarios. 

A. The 20X1 premium is exactly adequate. Since losses increased by 10% per exposure 
unit in 20X2 and there was no rate change, the 20X2 premiums are deficient by 10%. We 
must multiply the 20X2 premiums by 1.100 to bring them to an adequate level. 

B. The 20X2 premium is exactly adequate. Since the 20X1 losses were 9.09% [= 1 - (1 :- 
1.100.)] less per exposure unit, and there was no rate change between the two years, the 
20X1 premiums were redundant. We must divide the 20X1 premiums by 1.100 to bring 
them to an adequate level. 

C. We can use any premium adequacy level we desire; there is no difference in the Stanard- 
B0hlmann result. By convention, we keep the premiums the same in the most recent year. 
We adjust other premiums to the adequacy level of the most recent year. 

This example assumes that we are dealing with reported losses or paid losses, which are 
affected by both frequency and severity trends. When we deal with reported claims or paid 
claims, we must differentiate between the loss severity trend and the loss frequency trend. 

The general rule: we determine the loss cost trend factors to bring prior years' losses to the 
level of the most recent year. We divide the prior years' premiums by the trend factors. 
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ILLUSTRATION #3: RATE CHANGES AND LOSS TRENDS 

We assume both a loss severity trend of +10% per annum and a rate change of +10% on 
January 1,20X2. 

We have two accident years, 20Xl and 20X2. The loss severity trend is +10% per annum. 
The claim frequency per exposure unit is the same in both years, though the number of 
exposure units may be different. 

Earned premium is$100 million in 20Xl and $120 million in 20X2. All policies are effective 
on January t. We took a rate change of +10% on January 1,20X2. The exposure base 
is not inflation sensitive. 

We adjust the 20Xl and 20X2 earned premiums to the same adequacy level fora Stanard- 
B0hlmann procedure dealing with reported losses or paid losses. 

We skip the scenarios, since the illustration is straightforward. Losses went up by 10% 
between the two years and the premium per exposure unit went up 10% between the two 
years. The premiums are at the same adequacy level. They might both be exactly adequate; 
they might both be deficient; they might both be redundant. 

We can use the general rules that we stated above. We multiply the 20Xl premium by 1.100 
for the rate change, and we divide the 20Xl premium by 1.100 for the loss trend. The net 
adjustment is no change. 
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ILLUSTRATION #4: EXPOSURE TRENDS 

We add an exposure trend. 

We have two accident years, 20Xl and 20X2. The loss severity trend is +10% per annum. 

Earned premium is$1 O0 million in 20Xl and $120 million in 20X2. All policies are effective 
on January 1. We took a rate change of +10% on January 1,20X2. The exposure base 
is inflation sensitive, and the exposure trend is 10% per annum. 

We adjust the 20Xl and 20X2 eamed premiums to the same adequacy level for a Stanard- 
BOhlmann procedure dealing with reported losses or paid losses. 

The exposure trend of +10% per annum exactly offsets the loss cost trend of +10% per annum. 
We conceive of an exposure trend as the reciprocal of a loss cost trend. The net trend is 0% 
per annum. This illustration is the same as the first illustration. 
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THE GENERAL RULES 

Premiums: We bring all premiums to the current rate level. The illustrations above have 
policies effective on January 1 and rate changes effective on January 1. That is not 
necessary. Rather, we determine calendar year on-level factors to bring the eamed premium 
in each calendar year to the current rate level. 

Suppose the years in the experience period run from January 1 to December 31, and we took 
a rate change on July I of the most recent experience year. 

We have two accident years, 20X1 and 20X2. The loss severity trend is 0% per annum. 

Earned premium is$100 million in 20Xl and $120 million in 20X2. Policies are written 
evenly through the year. We took a rate change of +10% on July 1,20X1. The exposure 
base is not inflation sensitive. 

We adjust the 20X1 and 20X2 earned premiums to the same adequacy level for a Stanard- 
B0hlmann procedure dealing with reported losses or paid losses. 

The calendar year on-level factors are 1.075 for 20X1 and 1.025 for 20X2. We multiply the 
20X1 premium by 1.075 and the 20X2 premium by 1.025. 

The Stanard-Bfihlmann technique is commonly used by reinsurance actuaries. Most excess- 
of-loss reinsurance treaties are effective on January 1, and reinsurance rate changes are 
effective on January 1 as well. This eases the required calculations. 8 

Losses. We want to trend all losses to a common date with the net trend factors. The net trend 
equals the loss frequency trend x the loss severity trend + the exposure trend. However, we 
adjust the premiums, not the losses. Therefore, after determining the net trend factors to apply 
to the losses, we divide the premiums by these net trend factors. 

s The underlying policies written by the ceding company may be written evenly during the year, and the 
ceding company's rate changes may have occurred during the year. The on-level factors are taken into account 
to determine the reinsurance rate changes; they need not be recomputed for the reserve estimate. 

8 1 0  



CLAIM COUNTS 

The Stanard-B0hlmann technique can be used with reported claims in place of reported 
losses. It can also be used with paid claims, though the use of paid claims for reinsurance 
reserving is less common than the use of reported claims. 

Let us first understand why we would use claim counts instead of loss dollars. Suppose a line 
of business has claims that are reported quickly but claim severities that are highly variable 
and that may remain uncertain for many years. The reserving actuary may project ultimate 
claims by a development procedure and the average claim severity by a trend procedure. 

Illustration: A severe workers' compensation permanent disability claim is reported quickly, 
though it may take years before the severity of the injury is clear. The claims are paid over the 
remaining lifetime of the injured worker. Both the indemnity (loss of income) benefits and the 
medical benefits extend over decades, and they are difficult to estimate. 

The reserving actuary may project ultimate claim counts by a development year procedure and 
ultimate claim severities by an accident year trend. Suppose we are estimating accident year 
20X9 workers' compensation reserves for permanent disability claims. Within a year or two 
after the expiration of the 20X9 accident year, we have a preliminary estimate of the ultimate 
claim count. 9 Since we have only a year or two of payments on these claims- each of which 
may extend for 20 or 30 years - we can not estimate claim severities from the 20X9 data. 

Instead, we estimate ultimate claim severities for the more mature accident years, such as 
20X0 through 20X7. We use the workers' compensation loss cost trend factors derived from 
shorter-term injuries to extend the claim severity trend through 20X9. 

This procedure is particularly well suited for workers' compensation excess-of-loss 
reinsurance reserving, since most of the claims are permanent injuries. 

A common reserving procedure for these claims is to project the future permanent disability claims as 
a percentage of the reported total indemnity claims, or as a percentage of the reported back injury claims. 
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REPORTED AND UNREPORTED CLAIMS 

When we deal with reported losses, the fundamental equation is 

processed premium : unprocessed premium :: reported losses : unreported losses. 

The unreported losses are the bulk reserve. When we deal with reported claims, the 
corresponding equation is 

processed premium : unprocessed premium :: reported claims : unreported claims. 

The mathematics is the same, with one difference in the premium adjustments. We explain 
by means of an illustration. 
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ILLUSTRATION #5: CLAIM FREQUENCIES 

We have two accident years, 20X1 and 20X2. The loss severity trend is +10% per annum. 
The claim frequency per exposure unit is the same in both years, though the number of 
exposure units may change. 

Eamed premium is$100 million in 20X1 and $120 million in 20X2. All policies are effective 
on January 1. There have been no rate changes, and the exposure base is not inflation 
sensitive. 

We are using the Stanard-B0hlmann technique to estimate ultimate claim frequencies. We 
adjust the 20X1 and 20X2 earned premiums to the same adequacy level. 

The term "same adequacy level" requires explanation. We normally speak of premium 
adequacy with respect to dollars of loss, not with respect to claim counts. 

Conceive of the level of premium adequacy with respect to claim counts as the claim 
frequencywith respectto premiums. Ifthe expected claim frequency is 100claims foreach 
$1 million of premium in 20X1, then 20X2 has the same level of premium adequacy if the 
expected claim frequency is still 100 claims for each $1 million of premium. 

In the illustration above, there were no rate changes in 20X1 or 20X2, and there were no 
changes in claim frequency. The premiums in 20X1 and 20X2 are at the same level of 
premium adequacy with respect to claim frequency. 

Since the average loss severity rose by 10% from 20X1 to 20X2, the premiums in the two 
years are not at the same level of adequacy with respect to losses. For the Stanard-B0hlmann 
method, we use a premium adjustment if we are dealing with reported losses. We make no 
premium adjustment in this case if we are dealing with reported claims. 
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ILLUSTRATION #6: FREQUENCY AND SEVERITY TRENDS 

We have two accident years, 20Xl and 20X2. The loss cost trend is +10% per annum, 
consisting of 7.8% claim severity trend and a 2.0% claim frequency trend. 

Earned premium is$100 million in 20Xl and $120 million in 20X2. All policies are effective 
on January 1. There have been no rate changes, and the exposure base is not inflation 
sensitive. 

We are using the Stanard-B0hlmann technique to estimate both ultimate losses and 
ultimate claim frequencies. We adjust the 20Xl and 20X2 earned premiums to the same 
adequacy level. 

To estimate ultimate losses, we use the total loss cost trend of +10% per annum. To estimate 
ultimate claim counts, we use the claim frequency trend of 2.0% per annum. 

Pricing actuaries have leamed to be wary of claim frequency trends. In most lines of business, 
claim frequency does not follow simple exponential growth patterns. Econometric modeling 
of claim frequency has generally been disappointing. One might wonder how useful the claim 
frequency trends would be for the Stanard-Behlmann reserving technique. 

The pricing actuary and the reserving actuary use the trend factors for different purposes. The 
pricing actuary is projecting future claim frequency; most trend estimates have been poor 
predictors. The reserving actuary is quantifying the change between two past years. The 
claim frequency is a historical figure; it is not better or worse than the historical loss cost trend. 
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THE GENERAL RULE 

The general rule for claim counts is similar to the rule for dollars of loss, with one difference. 
When we deal with claim counts, we adjust only for claim frequency trends, not for claim 
severity trends. 

1. If we are given both claim frequency trends and claim severity trends, we use the product 
of these trends when we deal with dollars of loss. When we deal with claim counts, we use 
only the claim frequency trends. 

2. If we have a single loss cost trend, we must use the claim frequency portion of the trend. 
We do not always know the claim frequency portion. If we can estimate the claim severity 
portion from other indices, we can "back out" the claim severity portion to derive the claim 
frequency portion. 

3. The loss frequency trends in the historical data may reflect shifts in the mix of business, not 
real changes in claim frequency. Such trends may not be used in pricing, though they may 
be appropriate for aggregate reserving analyses. 

4. For some lines of business, the exposure trends offset the loss severity trends, and the net 
trend is not material. When we are dealing with claim counts, we ignore loss severity 
trends but we still include exposure trends to calculate the premium adjustments. 

Illustration: Payroll in 20Xl is $100 million. The workers' compensation premium rate is 
2% of payroll, giving a premium of $2 million. The real activity at the insured's workplace 
stays the same for 20X2, but wage inflation is 10% per annum, so payroll is $110 million 
and the workers' compensation premium is $2.2 million. Nothing has changed in the 
physical plant, and we expect the same number of claims. We increase the 20X1 
premiums by a factor of +10% to bring them to the adequacy level of the 20X2 premiums. 
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ILLUSTRATION: REPORTED CLAIMS 

We illustrate the premium adjustments by calculating the IBNR claim count from the figures 
below. All policies have effective dates of January 1; all rate changes occur on January 1. 

Earned Estimated Reported 
Cal/Acc Risk Pure Claim Report Claims 

Year Premium (000) Lag @ 12/31/91 

1987 $40,000 38.0% 9 

1988 $44,000 28.0 8 

1989 $40,000 18.0 8 

1990 $45,000 9.0 5 

1991 $50,000 2.0 1 

Annual loss trends and rate changes are shown below. There is no exposure trend. 

Loss Cost Trends Rate Changes 

1986 to 1987 15.0% 1/1/87 30.0% 

1987 to 1988 12.5 1/1/88 10.0% 

1988 to 1989 10.0 1/1/89 -10.0% 

1989 to 1990 10.0 1/1/90 0.0% 

1990 to 1991 10.0 1/1/91 5.0% 
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Premium Adjustments 

There are two premium adjustments. 

• We bring all premiums to the same rate level. 
• We divide by the factors needed to bring all claim counts to the same claim level. 

The rate change effective on January 1,1987 is not relevant, since it affects all year equally. 
Conceive of the 1987 rate level as the base rate level, or 1.000. We use the other rate 
changes to bring premiums to the current rate level. 

We can ignore the January 1, 1987, rate change only because all policies are effective on 
January 1. If we had any other distribution of policy effective dates during the year, we would 
have to consider the January 1, 1987, rate change as well. 

Date Rate Change Rate Level Index On-Level Factor 

1/1/87 30.0% 1.0000 1.0395 

1/1/88 10.0% 1.1000 0.9450 

1/1/89 -10.0% 0.9900 1.0500 

1/1/90 0.0% 0.9900 1.0500 

1/1/91 5.0% 1.0395 1.0000 

The rate level index is the cumulative downward product of the rate changes. If the policy 
effective dates are distributed through the year and the rate changes occur on different dates, 
the rate level index is the average rate level during the year. We set the rate level index for 
1987 to unity. The on-level factor is the current rate level index divided by the rate level index 
for the accident year under consideration. 

We multiply the earned risk pure premiums by the on-level factors to put all premiums on the 
same adequacy level. 

We are given loss cost trends with no division into frequency and severity components. We 
assume that the trends reflect loss severity, and that the claim frequency trend is not material. 
No adjustment is made to premiums for trend. 

817 



Cal/Acc 
Year 

1987 

1988 

1989 

1990 

1991 

Earned 
Risk Pure 

Premium (000) 

$40,000 

$44,000 

$40,000 

$45,000 

$50,000 

Premium 
On-Level 

Factor 

1.0395 

0.9450 

1.0500 

1.0500 

1.0000 

Adjusted 
Earned 

Premium 

$41,580 

$41,580 

$42,000 

$47,250 

$50,000 

31 claims are reported by December 31,1991. We determine the total processed premium 
and the total unprocessed premium. 

Cal/Acc 
Year 

1987 

Estimated 
Report 

Lag 

38.0% 

Processed 
Premium 

@ 12/31/91 

$15,800.40 

Unprocessed 
Premium 

@ 12/31/91 

$25,779.60 

1988 28.0 $11,642.40 $29,937.60 

1989 18.0 $7,560.00 $34,440.00 

1990 9.0 $4,252.50 $42,997.50 

1991 2.0 $1,000.00 $49,000.00 

Total $40,255.30 $182,154.70 

The claims expected to emerge in the future, Y, is computed as 

$40,255.30 : $182,154.70 :: 31 : Y, 
or Y =  140 

The reserve indication is for five accident years only. For the oldest year in the experience 
period, only 38% of claims have been reported so far. We still expect much claim emergence 
for prior years. We are using a frequency-severity reserving procedure for the more recent 
accident years, where the reported claim severities are not credible. For previous years, we 
use other reserving techniques. 

For accident years 1987 through 1991, the reserve indication has great uncertainty. From 31 
claims that have been reported so far, we are estimating future emergence of 140 claims. 
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The volatility of the reported claim counts can be seen by a comparison of accident years 
1987 and 1989. As of December 31, 1991, the processed adjusted premium for 1987 is 
$15,800 and 9 claims have been reported, while the processed adjusted premium for 1989 
is $7,560 and 8 claims have been reported. 

Loss Cost Trends 

Let us revise the scenario to incorporate the loss cost trends. If we use the Stanard-BOhlmann 
technique to estimate dollars of losses, "what are the adjusted premiums? 

We form an index of relative loss costs, using 1987 as the base year. We ignore the loss 
trend from 1986 to 1987, since it affects all years equally. The index value for 1987 is unity, 
the index value for 1988 is 1.125, and so forth. The trend factor is the index value for the most 
recent year divided by the index value for the year under consideration. 

Were we adjusting losses to the current level, we would multiply by these trend factors. Since 
we are adjusting premiums, we divide by these trend factors. 

Period Loss Trend Index Value Trend Factor 

1986 to 1987 15.0% 1.0000 1.497 

1987 to 1988 12.5 1.1250 1.331 

1988 to 1989 10.0 1.2375 1.210 

1989 to 1990 10.0 1.3613 1.100 

1990 to 1991 10.0 1.4974 1.000 
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CALENDAR YEAR EMERGENCE 

The reserving actuary is often asked to show the expected emergence and payment of losses 
by development period (i.e., by calendar year) subsequent to the valuation date. The 
emergence and payment patterns have several uses. 

1. Reserving: The expected loss emergence and loss payment in the next calendar period 
provides a check on the accuracy of the reserve indication. The reserve indication itself 
is difficult to judge, since the losses may not emerge or settle for many years. By 
comparing the actual emergence or settlement in the next calendar quarter or year with 
the estimates implied by the reserving procedure, the company gets a better feel for the 
accuracy and the bias inherent in the reserve estimate. 

2. Investments: The expected emergence and settlement of claims is necessaryfor asset 
liability management. The insurer's investment department seeks expected liability cash 
flows in the coming months to optimize its investment strategy. Many insurers structure 
their investment portfolio in accordance with their insurance liabilities, selecting security 
types, fixed-income durations, and investment quality to best manage their overall risk. 
The reserving actuary provides the settlement patterns for the loss reserve portfolio. 
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PRINCIPLES OF EMERGENCE 

We have examined so far the future emergence of losses, orthe bulk reserve, and the future 
payment of losses, or the total (case + bulk) reserve. We now consider the emergence or 
payment of losses by development period. 

• The bulk reserve as of December 31,20XX, equals the losses expected to emerge in 
calendar years 20XX+I and subsequent for accident years 20XX and prior. 

• The expected emergence in 20XX+I equals the losses expected to emerge in calendar 
years 20XX+I onlyfor accident years 20XX and prior. 

We illustration the method using the example directly above. We calculate the number of 
claims expected to emerge for accident years 1988 through 1991 during calendar year 1992. 

We estimate the amount of adjusted premium that will be processed in 1992. For any 
accident year"X," the adjusted premium that will be processed in 1992 is the total adjusted 
premium for that accident year times the difference in the claim report lag between that 
accident year and the previous accident year. 
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Adjusted Premium 
Cal/Acc Earned Estimated Processed 

Year Premium Report Lag in 1992 (000) 

1987 $41,580 38.0% 

1988 $41,580 28.0 $4,158 

1989 $42,000 18.0 $4,200 

1990 $47,250 9.0 $4,253 

1991 $50,000 2.0 $3,500 

1988-1991 $16,111 

For instance, the 1988 adjusted premium that will be processed in 1992 equals 

$41,580 x (38.0% - 28.0%) = $4,158. 

The total adjusted premium for accident years 1988 through 1991 that will be processed in 
1992 equals $I 6,111. We form the standard equation as 

$40,255.30 : $16,111 :: 31 : Y, 
or Y=  12.4 claims. 

SUMMARY 

The Stanard-BOhlmann reserving technique is a simple, intuitive procedure that combines the 
chain ladder loss development method with the expected loss method. It works well even in 
situations that don't lend themselves to easy estimates, such as reserving for high layers of 
loss. The Stanard-BOhlmann technique has been adopted by many reinsurance actuaries. 
This practitioners' guide should encourage its use by primary company actuaries as well. 
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INSURANCE APPLICATIONS OF BIVARIATE 

DISTRIBUTIONS 

DAVID L. HOMER AND DAVID R. CLARK 

Abstract 

A technique is demonstrated for aggregating bivariate claim size 

distributions using a two-dimensional Fast Fourier Transform. 

Three insurance applications are described in detail relating to: 

1) individual risk rating, e) loss and allocated expenses, and 3) 

Dynamic Financial Analysis. 
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INSURANCE APPLICATIONS OF BIVAR1ATE DISTRIBUTIONS 

I. INTRODUCTION 

1.1. The Basic Problem 

When pricing insurance contracts it is useful to estimate not only the aver- 

age insured loss but also the insured loss distribution, Although an initial 

approach may include only an estimate of the mean, risk measures generally 

require an estimate of the distribution. This problem is often solved by mod- 

eling losses as a sum of individual claims. A frequency distribution describes 

the number of claims N, a severity distribution describes the size of each 

claim Xk. The individual claim sizes are usually assumed to be independent 

and identically distributed (iid) as well as independent from the claim counts. 

This model is known as the Collective Risk Model [3]. The aggregate loss 

dollars Z are the sum of the individual claim sizes. 

Z = X I +  ... + XN (1.1) 

The expectation and variance of Z are easily expressed in terms of the fre- 

quency and severity components. 

E(Z)  = E ( X ) E ( N )  (1.2) 

Var(Z)  = V a r ( X ) E ( N )  + E ( X ) 2 Y a r ( g )  (1.3) 

Estimating the aggregate loss distribution requires more work, but there 

are numerous techniques available: simulation, Fast Fourier Transform, con- 

tinuous Fourier Transform [1], recursion [4, 8], and moment matching [5, 9]. 

In this paper, the Fast Fourier Transform (FFT) will be used. The FFT has 

been described in detail by Robertson [7] and Wang [10]. 

1.2. A Problem that Includes Dependencies Between Loss Components 

The collective risk model as outlined above is sufficient to describe most 

insurance policies. One example in which this model is not sufficient arises 

in individual risk rating. A policy may provide Specific Excess coverage 
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above a per-claim retention, and may also provide coverage in excess of an 

aggregate amount for the retained losses. The excess of aggregate cover is 

commonly called a Stop Loss cover. 

The distributions for either the Specific Excess or Stop Loss covers can 

be estimated using the collective risk model. However, it is more difficult 

to estimate the distribution for the sum of the two covers because there is 

a dependence between the pieces. One trivial element of the dependence is 

easily seen--if  there are no retained losses then there are no losses in excess 

of the retention. 

Section 2 provides a more detailed description of this problem. 

1.3. Aggregating with the FFT--A brief Review 

Before introducing the complication of the dependence between two cover- 

ages, we will briefly review the Fast Fourier Transform (FFT) technique for 

evaluating a standard collective risk model. 

In order to compute the aggregate toss distribution using the FFT, the 

.severity distribution is expressed as a probability vector 1 x = (x0, xl, ..., xn). 

Each element xk is the probability of a claim having size ck, where c is a 

scaling constant. 

The distribution of the claim counts N is incorporated with the use of its 

Probability Generating Function (PGF). 

PGF(t)  = E(t  N) (1.4) 

The frequency and severity components are put together using a standard 

FFT technique. Denoting the FFT and its inverse as FFT(x)  and IFFT(x )  

respectively, the probability vector for the aggregate losses is computed as 

z = (zo, zl,..., z~) = IFFT(PGF(FFT(x ) ) ) .  (1.5) 

The PGF is applied elementwise, i.e., with some abuse of notation, 

PGF((to, tl ..... tn)) = (PGf(to),  PGF(tl) ,  ..., PGF(t , )) .  (1.6) 

ix is indexed starting at zero. x0 is the probability of a claim of size zero. 
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The  vector size n mus t  be large enough tha t  the  probabi l i ty  of aggregate 

losses greater  t h a n  cn is negligible. Any probabil i ty  mass for losses greater  

than  cn will wrap around,  i.e., mass for losses greater  t han  cn will be t reated 

as though it  is mass for the  available claim sizes (0, c, 2c, ..., nc). The wrap- 

a round problem is typically avoided by padding the  vector wi th  zeros as 

discussed in Rober tson [7] and Wang [10]. 

1.,~. Building a Bivariate Loss Distribution 

The goal is to  obta in  a bivar ia te  d is t r ibut ion of aggregate retained losses and 

aggregate excess losses. This  will be represented as a probabil i ty  mat r ix  2 

M~ where Mz(j, k) is the  probabil i ty  t ha t  aggregate retained losses are clj 

and aggregate excess losses are c2k. As before, cl and c2 are constant  scale 

factors. 

For a single claim this  ma t r ix  is easily constructed.  Suppose x = (.4, .3, .3) 

and c = 1,000. Then  for a 1,000 deductible,  wi th  Cl = c2 = c = 1,000, [.4oo] 
M x =  .3 .3 0 (1.7) 

0 0 0 

The  mat r ix  Ms fully specifies the  probabil i t ies and dependencies of losses 

in the  retained and excess layers. The  sum across rows (.4,.6,0) produces 

the dis t r ibut ion of the  retained losses; the  sum down the  columns (.7,.3,0) 

produces the  dis t r ibut ion of the  excess losses. 

The  advantage at  this  point  is t ha t  the  same F F T  technique can be used 

to calculate aggregate losses for Mz tha t  we used to calculate aggregate losses 

for x. W i t h  F F T  0 and I F F T  0 now representing the  two dimensional  F F T  

and its inverse, and with PGF 0 as before, we compute  the  aggregate loss 

mat r ix  Mz. 

M~ = IFFT(PGF(FFT(Mx)))  (1.8) 

2Mz indices start from zero. 
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As i n the one-dimensional treatment, the PGF is applied elementwise and the 

matrix Mx must have sufficient padding so that Mz can hold the significant 

mass. Appendix A provides an example of the two-dimensional FFT using 

publicly available software. 

The FFT technique is not the only way to aggregate Mx. Sundt [8] shows 

tha t  M~ can be aggregated using a recursive technique. 

The aggregation of bivariate severity matrices can be applied to other 

problems as well. In what follows three specific examples will be explored. In 

the first, the combined distribution of losses on specific excess and aggregate 

excess is considered. In the second, bivariate loss and ALAE distributions are 

computed, and in the third example, a problem with a simulation technique 

often used in DFA analysis is reviewed and corrected. 

2. PER-OCCURRENCE AND EXCESS-OF-AGGREGATE COVERS IN 

INDIVIDUAL RISK RATING 

The first problem that  we will review is common in individual risk rating. 

A fictional large insured, Dietrichson Drilling, is interested in retaining 

the majority of their "predictable" Workers Compensation losses, and mainly 

seeks to purchase insurance to cover individual large claims. For example, 

they may choose to retain the first $600,000 of each loss occurrence. At the 

same time, they may have a concern that  the number of occurrences could 

also be higher than expected, and therefore seek protection on the total 

dollars of retained loss. 

Our company, Pacific All Risk Insurance Company, has been asked to 

provide coverage on a Per-Occurrence basis of $400,000 excess of $600,000, 

and then also a Stop Loss cover to pay in the event tha t  their total retained 

loss exceeds $3,000,000. The underwriter at Pacific All Risk has proposed 

the structure shown in Table 2.1. 

As the Pacific All Risk actuary, you have selected frequency and severity 

distributions, and have estimated the expected losses for each of these covo 
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T A B L E  2.1 

POLICY STRUCTURE FOR DIETRICHSON DRILLING. 

Named Insured: 
Insurance Company: 

Per-Occurrence Layer: 
Stop Loss Layer: 

Dietrichson Drilling 
Pacific All Risk Insurance Co. 

400,000 xs 600,000 
5,000,000 xs 3,000,000 

Allocated expenses included in the definition of "loss" 

erages. In order to calculate the needed risk load on the program, however, 

you need to estimate the distribution of the sum of the two coverages. 

The company's Fast Fourier Transform (FFT) model allows you to esti- 

mate a distribution for either the Per-Occurrence or the Stop Loss layer with 

no problem, but you recognize tha t  there is likely to be a strong dependence 

between the results of the two covers and you want to reflect this in your 

pricing. 

We will consider a simplified version of this problem. First, we will assume 

that  the loss distribution can be reasonably approximated using only a five- 

point discretized severity distribution. In practice, a curve of more than 

a hundred points would be needed in order to accurately capture the true 

shape. For our example, the simpler distribution shown in Table 2.2 will be 

used. 

Consistent with this loss distribution, our average severity is estimated 

to be $480,000 and the average in the 400,000 xs 600,000 layer is $78,200. 

We have also estimated that  the expected number of claims is 5, with a 

variance of 6; and the frequency will be modeled using a Negative Binomial 

distribution. The overall loss pick is therefore $2,400,000(5 × $480,000). Our 

aggregate model calculates expected losses of $123,529 in the proposed Stop 

Loss layer above $3,000,000. 
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TABLE 2.2 

SEVERITY DISTRIBUTION FOR DIETRICHSON DRILLING 

Probability 
0.00% 

37.80% 
23.50% 
14.6o% 
9.1o% 

15.oo% 

Loss Amount 
0 

200,000 
400,000 
600,000 
800,000 

1,000,000 

Excess Loss 
0 
0 
0 
0 

200,000 
400,000 

Average 480,000 78,200 

The first step in calculating the overall loss distribution is to create a 

bivariate severity distribution of primary and excess losses. This is shown in 

Table 2.3. 

TABLE 2.3 

SINGLE CLAIM PRIMARY ~ EXCESS LOSS BIVARIATE DISTRIBUTION 

Primary Loss Excess of 600,000 
600,000 

0 200,000 400,000 600,000 800,000 1,000,000 
0 

200,000 
400,000 
600,000 
800,000 

1,000,000 
1,200,000 
1,400,000 
1,600,000 
1,800,000 
2,000,000 

0.00% 0 . 0 0 %  0 . 0 0 %  0 . 0 0 %  0.00% 0.00% 
37.80% 0.00% 0 . 0 0 %  0.00% 0.00% 0.00% 
23.50% 0 . 0 0 %  0.00% 0.00% 0.00% 0.00% 
14.60% 9.10% 15.00% 0 . 0 0 %  0.00% 0.00% 

0.00% 0 . 0 0 %  0 . 0 0 %  0.00% O.O0% O.0O% 
0.00% 0.00% 0 . 0 0 %  0.00% 0.00% 0.00% 
0.OO% 0 . 0 0 %  0.O0% O.00% 0 . O 0 %  O.O0% 
0.00% 0 . 0 0 %  0 . 0 0 %  0.00% 0.00% O.00% 
0.00% 0.00% 0 . 0 0 %  0.00% 0.00% 0.00% 
0.00% 0 . 0 0 %  0 . 0 0 %  0.00% 0.00% 0.00% 
o.oo% o.oo% o.oo% o.oo% o.oo% o.oo% 

From Table 2.3, we can observe a strong dependence structure between 
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the primary and excess losses: we can only have an excess loss if the primary 

600,000 retention is hit. 

This bivariate severity matrix becomes the input for the FFT model, 

and may be denoted Ms. The matrix of the of the aggregate distribution 

may be denoted Mz and is produced using the two-dimensional Fast Fourier 

Transform calculation: 

Mr = I F F T ( P G F ( F F T ( M ~ ) ) )  

PGF( t )  = (1 .2 -  .2t) -2s 

For the bivariate matrix Ms shown in Table 2.3, the resulting Mz is given in 

Table 2.4. 

An additional step is needed in order to calculate the estimated results 

in the Stop Loss layer above 3,000,000. For that calculation, the rows of 

Table 2.4 for all amounts 3,000,000 or less are summed to compute the prob- 

abilities of no excess-of-aggregate losses. The remaining rows are intact but 

the row labels are reduced by 3,000,000. The result is Table 2.5. 

From Table 2.5 several statistics of interest can be calculated. The ex- 

pected loss to the Stop Loss layer is $123,529 and the probability that the 

Stop Loss is hit is 15.08%. The average loss amount conditional upon the 

Stop Loss being hit is $819,210. 

More dramatic from a risk management perspective is the dependence 

between the Per-Occurrence and Stop Loss covers. The expected loss to the 

Per-Occurrence layer is $391,000 (5 x $78,200), but this increases to $830,334 

when we include only the scenarios in which the Stop Loss is also hit. This 

dependence needs to be considered in the decision to write the contract: on 

average, when the Stop Loss is hit we will also be paying about twice the 

expected amount in the Per-Occurrence layer. 

The two-dimensional matrix above can be used to verify the expected loss 

pricing for either coverage individually. The probabilities associated with 

the Stop Loss program are found by summing across rows; the probabili- 

ties associated with the Per-Occurrence excess layer are found by summing 
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T A B L E  2.4 

AGGREGATE PRIMARY ~ AGGREGATE EXCESS 
DISTRIBUTION 

L o s s  BIVARIATE 

Primary Loss Excess of 600,000 
600,000 

o 200,000 400,000 600,000 800,000 1,00o,ooo 1,2oo,ooo 
o 1.o5% 0 .00% 0.00% 0 .00% 0.00% 0.00% 0.00% 

200,000 1.65% 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.00% 
400,000 2.38% 0 .00% 0.00% 0 .00% 0.00% 0.00% 0.00% 
600,000 3.09% 0 .40% 0 .66% 0 .00% 0.00% 0.00% 0.00% 
800,000 3.34% 0 .65% 1.o7% 0 .00% 0.00% 0.00% 0.00% 

1,00o,ooo 3.39% 0 .96% 1.58% 0 .00% 0.00% 0.00% 0.00% 
1,200,000 3.22% 1.27% 2.16% 0 .26% 0.21% 0.00% 0.00% 
1,400,000 2.86% 1.40% 2 .44% 0 .44% 0.36% 0.00% 0.00% 
1,600,000 2.43% 1.45% 2.59% 0 .66% 0.54% 0.00% 0.00% 
1,800,000 1.97% 1.40% 2 .57% 0 .90% 0.78% 0.09% 0.05% 
2,000,000 1.54% 1.26% 2 .38% 1.02% 0.92% 0.15% 0.08% 
2,200,000 1.17% 1.09% 2 .12% 1.08% 1.01% 0.24% 0.13% 
2,400,000 0.86% 0 .90% 1.80% 1 .08% 1.05% 0.33% 0.20% 
2,600,000 0.62% 0 .72% 1.47% 1.00% 1.01% 0.38% 0.24% 
2,800,000 0.43% 0 .55% 1.16% 0 .88% 0.93% 0.42% 0.27% 
3,000,000 0.29% 0 .41% 0 .89% 0 .75% 0.82% 0.43% 0.29% 
3,200,000 0.20% 0 .30% 0 .66% 0 .61% 0.70% 0.41% 0.29% 
3,400,000 0.13% 0 .21% 0 .48% 0 .48% 0.57% 0.37% 0.28% 
3,600,000 0.08% 0 .15% 0 .34% 0 .37% 0.45% 0.32% 0.25% 
3,800,000 0.05% 0 .10% 0 .24% 0 .27% 0.35% 0.27% 0.22% 
4,000,000 0.03% 0 .07% 0 .16% 0 .20% 0.26% 0.22% 0.19% 
4,200,000 0.02% 0 .04% 0.11% 0 .14% 0.19% 0.17% 0.15% 
4,400,000 0.01% 0 .03% 0 .07% 0 .10% 0.14% 0.13% 0.12% 
4,600,000 0.01% 0 .02% 0 .05% 0 .07% 0.10% 0.10% 0.09% 
4,800,000 0.00% 0 .01% 0 .03% 0 .04% 0.07% 0.07% 0.07% 
5,000,000 0.00% 0 .01% 0 .02% 0 .03% 0.04% 0.05% 0.05% 
5,200,000 0.00% 0.00% 0.01% 0.02% 0.03% 0.03% 0.04% 
5,400,000 0.00% 0.00% 0.01% 0.01% 0.02% 0.02% 0.03% 
5,600,00O 0.00% 0.00% 0.00% 0.01% 0.01% 0.02% 0.02% 
5,800,000 0.00% 0 .00% 0 .00% 0 .00% 0.01% 0.01% 0.01% 
6,000,000 0.00% 0 .00% 0 .00% 0~00% 0.01% 0.01% .0.01% 
6,200,000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 
6,400,00O 0.00% 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.00% 
0,600,000 0.00% 0 .00% 0.00% 0 .00% 0.00% 0.00% 0.00% 
6,8o0,0oo 0.00% 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.o0% 
7,000,000 0.00% 0 .00% 0.00% 0 .00% 0.o0% 0.00% 0.00% 
7,200,000 0.00% 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.00% 
7,400,000 0.00% 0 .00% 0 .00% 0 .00% 0.0o% 0.00% 0.00% 
7,600,000 0.00% 0 .00% 0.00% 0 .00% 0.00% 0.00% 0.00% 
7,800,000 0.00% 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.00% 
8,000,000 0.00% 0 .00% 0.00% 0 .00% 0.00% 0.00% 0.00% 
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T A B L E  2.5 

AGGREGATE PRIMARY EXCESS & AGGREGATE EXCESS LOSS BIVARIATE 
DISTRIBUTION 

Stop Loss Excess of 600,000 
Loss 

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000 
0 30.28% 12.45% 22.89% 8.07~ 7.65% 2.04% 1.26% 

200,000 0.20% 0.30% 0.66% 0.61% 0.70% 0.41% 0.29% 
400,000 0.13% 0.21% 0.48% 0.48% 0.57% 0.37% 0.28% 
600,000 0.08% 0.15% 0.34% 0.37% 0.45% 0.32% 0.25% 
800,000 0.05% 0.10% 0.24% 0.27% 0.35% 0.27% 0.22% 

1,000,000 0.03% 0.07% 0.16% 0.20% 0.26% 0.22% 0.19% 
1,200,000 0.02% 0.04% 0.11% 0.14% 0.19% 0.17% 0.15% 
1,400,000 0.01% 0.03% 0.07% 0.10% 0.14% 0.13% 0.12% 
1,600,000 0.01% 0.02% 0.0,5% 0.07% 0.10% 0.10% 0.09% 
1,800,000 0.00% 0.01% 0.03% 0.04% 0.07% 0.07% 0.07% 
2,000,000 0.00% 0.01% 0.02% 0.03% 0.04% 0.05% 0.05% 
2,200,000 0.00% 0.00% 0.01% 0.02% 0.03% 0.03% 0.04% 
2,400,t)00 0.00% 0.00% 0.01% 0.01% 0.02% 0.02% 0.03% 
2,600,000 0.00% 0 .00% 0.00% 0.01% 0.01% 0.02% 0.02% 
2,800,000 0.00% 0.00% 0.00% 0.00% 0.01% 0.01% 0.01% 
3,000,000 0.00% 0.00% 0.00% 0.00% 0.01% 0.01% 0.01% 
3,200,000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.01% 
3,400,000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
3,600,000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
3,800,000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
4,000,000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
4,200,000 0.00% 0 .00% 0.00% 0.00% 0.00% 0.00% 0.00% 
4,400,000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
4,600,000 0 .00% 0 .00% 0.00% 0.00% 0.00% 0.00% 0.00% 
4,800,000 0 .00% 0 .00% 0.00% 0.00% 0.00% 0.00% 0.00% 
5,000,000 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
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down columns. By summing across rows or down columns, we calculate the 

marginal distributions. 

In order to calculate the distribution of the sum of the two coverages 

combined, we sum the probabilities along each diagonal. Table 2.6 shows 

this calculation. 

TABLE 2.6 

PROBABILITIES FOR AGGREGATE PRIMARY EXCESS PLUS AGGREGATE 
EXCESS LOSS 

Loss & 
ALAE Probability Calculation 

0 30.28% = 30.28% 
200,000 12.64% = 0.20% + 12.45% 
400,000 23.31% = 0.13% + 0.30% + 22.89% 
600,000 9.02% = 0.08% + 0.21% + 0.66% + 8.07% 
800,000 8.94% = 0.05% + 0.15% + 0.48% + 0.61% + 7.65% 

3.  DISTRIBUTION FOR LOSS ONLY SUBJECT TO AGGREGATE LIMIT PLUS 

UNLIMITED ALLOCATED LOSS ADJUSTMENT EXPENSE (ALAE) 

Our insured, Dietrichson Drilling, requests a General Liability policy on a 

traditional guaranteed cost basis. Our company, Pacific All Risk Insurance 

Company, is willing to offer a standard policy form with a $1,000,000 Per- 

Occurrence limit and a $2,000,000 General Policy Aggregate. 

Both the Per-Occurrence limit and the General Aggregate limit apply to 

the indemnity loss only. All defense costs and associated expenses (allocated 

loss adjustment expense - ALAE) are covered in addition to these limits. 

The Pacific All Risk policy is summarized in Table 3.1. The loss distribution 

is approximated in Table 3.2. 
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TABLE 3.1 

POLICY STRUCTURE FOR DIETRICHSON DRILLING. 

Named Insured: 
Insurance Company: 

Per-Occurrence Limit: 
General Aggregate Limit: 

Dietrichson Drilling 
Pacific All Risk Insurance Co. 

1,000,000 
2,000,000 

Allocated expenses paid in addition to loss 

TABLE 3.2 

SEVERITY DISTRIBUTION FOR DIETRICHSON DRILLING 

Probability Loss Amount 
lO.OO% 
45.00% 
9.00% 
9.OO% 
9.00% 

18.00% 

0 
200,000 
400,000 
600,000 
800,000 

1,000,000 

Average ALAE % 
Average 432,000 

37.29% 
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As the Pacific All Risk actuary, you have been asked to estimate the 

aggregate distribution of the sum of the loss and ALAE combined. The first 

step in calculating the overall loss distribution is to assemble the bivariate 

severity distribution of loss and ALAE. This is shown in Table 3.3. 

T A B L E  3.3 

SINGLE CLAIM LOSS • A L A E  BIVARIATE DISTRIBUTION 

Loss ALAE 
Amount  

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000 
0 8 .39% 1.47% 0 .13% 0 .01% 0.00% 0.00% 0.00% 

200,000 27.98% 13.29% 3.16% 0.50% 0.06% 0.01% 0.00% 
400,000 4 .15% 3 .21% 1.25% 0 .32% 0.06% 0.01% 0.00% 
600,000 3 .07% 3 .30% 1.77% 0.64% 0.17% 0.04% 0.01% 
800,000 2 .28% 3 .13% 2 .15% 0 .99% 0.34% 0.09% 0.02% 

1,000,000 3 .37% 5 .65% 4 .73% 2 .64% 1.11% 0.37% 0.10% 
1,200,000 0 .00% 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.00% 
1,400,000 0 .00% 0 .00% 0.00% 0 .00% 0.00% 0.00% 0.00% 
1,600,000 0 .00% 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.00% 
1,800,000 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.00% 0.00% 
2,000,0O0 0.0O% 0 .00% 0 .00% 0 .00% 0.00% 0.00% 0.00% 

It may not be obvious at  a quick glance, but there is a strong dependence 

between loss and ALAE in this table; approximately a .500 linear correlation 

coefficient for Dietrichson Drilling. Larger losses are assumed to have larger 

dollars of associated expense, even though the ALAE percent decreases. It 

is also the case tha t  the loss severity curve does not extend beyond the 

1,000,000 Per-Occurrence limit, whereas the ALAE curve does not have an 

explicit cap. By convention, we are including closed-without-pay claims in 

this analysis, at  least to the extent that  they are likely to have contributed 

ALAE. 

This bivariate severity matrix becomes the input for the FFT model, and 

will again be denoted as Ms. The matrix of aggregate distributions, ME, is 

again given by the formula: 
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Mz = IFFT(PGF(FFT(Mx))) 

PGF(t) = (2 - t) -4 

The frequency distribution is assumed to be Negative Binomial, with a mean 

of 4 and a variance of g. 

The final matrix of aggregate distributions is shown in Table 3.4. In order 

TABLE 3.4 

AGGREGATE LOSS & AGGREGATE ALLOCATED LOSS ADJUSTMENT 

EXPENSE .JOINT DISTRIBUTION 

Loss ALAE 
Amount 

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000 
0 7.42% 0.23% 0.02% 0.00% 0.00% 0.00% 0.00% 

200,000 4:33% 2.23% 0.59% 0.11% 0.02% 0.00% 0.00% 
400,000 2.22% 2.10% 1.01% 0.33% 0.08% 0.02% 0.00% 
600,000 1.41% 1.82% 1.20% 0.54% 0.18% 0.05% 0.01% 
800,000 1.06% 1.71% 1.40% 0.77% 0.33% 0.11% 0.03% 

1,000,000 1.11% 2.09% 1.98% 1.27% 0.62% 0.25% 0.08% 
1,200,000 0.69% 1.59% 1.84% 1.42% 0.83% 0.39% 0.16% 
1,400,000 0.40% 1.07% 1.45% 1.32% 0.90% 0.50% 0.23% 
1,600,000 0.25% 0.75% 1.15% 1.19% 0.92% 0.57% 0.30% 
1,800,ODO 0.16% 0.56% 0.95% 1.08% 0.93% 0.64% 0.37% 
2,000,000 0.12% 0.44% 0.82% 1.02% 0.96% 0.72% 0.46% 
2,200,000 0.07% 0.30% 0 .6 !% 0.84% 0.87% 0.72% 0.50% 
2,400,000 0.04% 0.19% 0.43% 0.65% 0.73% 0.66% 0.50% 
2,600,000 0.03% 0.13% 0.31% 0.50% 0.60% 0.59% 0.48% 
2,800,000 0.02% 0.09% 0.22% 0.38% 0.50% 0.52% 0.45% 
3,000,000 0.01% 0.06% 0.16% 0.30% 0.41% 0.46% 0.42% 
3,200,000 0.01% 0.04% 0.11% 0.22% 0.32% 0.38% 0.37% 
3,400,000 0.00% 0.02% 0.07% 0.15% 0.24% 0.30% 0.32% 
3,600,000 0.00% 0.01% 0.05% 0.11% 0.18% 0.24% 0.27% 
3,800,000 0.00% 0.01% 0.03% 0.08% 0.13% 0.19% 0.22% 
4,000,000 0.00% 0.01% 0.02% 0.05% 0.10% 0.14% 0.18% 

to cap the loss only exposure at the 2,000,000 General Aggregate, we sum 

the probabilities for losses above 2,000,000 into a single row. The result is 

Table 3.5. Finally, we can create a single distribution from this matrix by 
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TABLE 3.5 

AGGREGATE LOSS CAPPED AT 2,000,000 ~ AGGREGATE ALLOCATED 

LOSS ADJUSTMENT EXPENSE JOINT DISTRIBUTION 

Loss ALAE 
Amount 

0 
200,000 
400,000 
600,000 
800,000 

1,000,000 
1,200,000 
1,400,000 
1,600,000 
1,800,000 
2,000,000 
2,200,000 

0 200,000 400,000 600,000 800,000 1,000,000 1,200,000 
7.42% 0.23% 0.02% 0.00% 0.00% 0.00% 0.00% 
4.33% 2.23% 0.59% 0.11% 0.02% 0.00% 0.00% 
2.22% 2.10% 1.01% 0.33% 0.08% 0.02% 0.00% 
1.41% 1.82% 1.20% 0.54% 0.18% 0.05% 0.01% 
1.06% 1.71% 1.40% 0.77% 0.33% 0.11% 0.03% 
1.11% 2.09% 1.98% 1.27% 0.62% 0.25% 0.08% 
0.69% 1.59% 1.84% 1.42% 0.83% 0.39% 0.16% 
0.40% 1.07% 1.45% 1.32% 0.90% 0.50% 0.23% 
0.25% 0.75% 1.15% 1.19% 0.92% 0.57% 0.30% 
0.16% 0.56% 0.95% 1.08% 0.93% 0.64% 0.37% 
0.31% 1.31% 2.88% 4.41% 5.28% 5.31% 4.73% 
0.00% 0.00% 0:00% 0.00% 0.00% 0.00% 0.00% 

TABLE 3.6 

PROBABILITIES FOR LIMITED LOSS PLUS ALAE 

Combined 
Loss+ALAE Probability Calculation 

0 7.42% 
200,000 4.56% 
400,000 4.47% 
600,000 4.09% 
800,000 3.99% 

= 7.42% 
= 4.33% + 0.23% 
= 2.22% + 2.23% +.0.02% 
= 1.41% + 2.10% + 0.59% + 0.00% 
= 1.06% + 1.82% + 1.01% + 0.11% + 0.00% 
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summing along each diagonal to obtain Table 3.6 

It is also instructive to show a graph of the distribution of the com- 

bined loss and ALAE both  before and after the General Aggregate cap. In 

Graph 3.1 we can see tha t  the "tail" of the cumulative distribution is greatly 

reduced by imposing a 2,000,000 General Aggregate. However, we note that  

there is still a non-remote probability of loss even above 3,000,000 due to the 

inclusion of ALAE on an unlimited basis. 

G R A P H  3.1 

CUMULATIVE DISTRIBUTION FUNCTIONS FOR CAPPED AND UNCAPPED 
LOSS & A L A E  
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4. DYNAMIC FINANCIAL ANALYSIS 

As the actuary for Pacific All Risk, you have now completed your pricing 

work for individual insurance contracts. As a reward for your hard work, 

you have been rotated to the actuarial team that runs the company's Dy- 

namic Financial Analysis (DFA) model, called Pacific Enterprise Risk Model 

(PERM). 

The goal of the PERM team is to model the distribution of results for 

Pacific All Risk Insurance Company as a whole. Included in this analy- 

sis is sensitivity testing for interest rates and various complex reinsurance 

structures. The PERM is a giant simulation model, which needs to be pa- 

rameterized for the business actually written. 

A simplification made in the PERM is that the model separately simulates 

an aggregate value for all "small" losses and then simulates individual "large" 

losses. A truncation point of 1,000,000 has been selected for segregating large 

from small losses. 

An early version of the PERM made the assumption that the small and 

large losses are independent. That is, the small and large losses were simu- 

lated separately and then the results were summed. However, this indepen- 

dence assumption was found to be false, resulting in understated variability 

and unrealistically low probabilities in the tail of the combined distribution. 

In fact, the aggregate distributions of the small and large losses are gen- 

erally not independent. If a single frequency distribution is used to generate 

the overall number of losses N, then the covariance 3 can be written explicity. 

Where, 

Coy(S ,  L )  = Pl~s(1 - p)I~L(a~N -- IJN) 

S -- aggregate small losses 

L -- aggregate large losses 

SSundt shows a more general formula in [8]. 

(4.1) 
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Ps = mean small claim size, 

PL = mean large claim size, 

p = probability tha t  a given claim is small, 

a 2 = variance of the claim counts, and 

#N = mean of the claim counts. 

The sign of the covariance term is driven by the claim count distribution. 

For the commonly used Negative Binomial this is positive; for the Poisson it 

is zero 4. Equation 4.1 is derived in Appendix B. 

In order to model the losses for Pacific All Risk, we begin by approximat- 

ing the total  loss distribution with a few discrete points (Table 4.1). As in 

the previous examples, a five-point distribution is used here, but  would need 

to be expanded to a greater number of points in a more realistic application. 

T A B L E  4.1 

SEVERITY DISTRIBUTION 

Probability Loss Amount 
0.00% 

43.80% 
24.60% 
13.80% 

7.80% 
10.00% 

Average 431,200 

0 
200,000 
400,000 
600,000 
800,000 

1,000,000 

This single severity curve is then reconfigured into Table 4.2 a bivariate 

matrix Mx. The first column defines the severity of the "small" loss distri- 

bution. The first row is a single point containing the probability of a "large" 

41n the case of the Poisson it can be shown that the large and small claims are actually 
independent. 
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loss. 

This format is a bit different than the previous examples, since the vertical 

and horizontal axes are in different units: the vertical in dollars and the 

horizontal in counts. This illustrates the flexibility in the FFT technique to 

allow for different scale factors for the two dimensions. 

SIN( 

TABLE 4.2 

~LE CLAIM SMALL LOSS ~ LARGE COUNTS JOINT DISTRIBUTION 

Small 
Loss 

0 
200,000 
400,000 
600,000 
800,000 

1,000,000 
1,200,000 
1,400,000 
1,600,000 
1,800,000 
2,000,000 

Large Loss Counts 

0 1 2 3 4 5 
0.00% 10.00% 0.00% 0.00% 0.00% 0.00% 

43.80% 0.00% 0.00% 0.00% 0.00% 0.00% 
24.60% 0.00% 0.00% 0.00% 0.00% 0.00% 
13.80% 0.00% 0.0O% 0.OO% 0.00% 0.0O% 

7.80% 0.00% 0.00% 0.00% 0.OO% 0.00% 
0.00% 0.OO% 0.00% 0.00% 0.00% 0.00% 
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
O.00% O.O0% 0.00% 0.00% 0.00% 0.00% 
0.00% 0.O0% 0.O0% 0.00% 0.00% 0.00% 
0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 
0.00% 0.oo% 0.oo% 0.00% 0.00% 0.oo% 

For a frequency distribution, we use a Negative Binomial with mean 10 

and variance 20. For an actual insurance company, the overall frequency is 

likely to be much higher but we continue with this simplified assumption for 

clarity. The aggregate distribution matrix Mr is again given by the expres- 

sion: 

Mz = IFFT(PGF(FFT(Mx))) 

PGF(t) = (2 - t) -~° 

The resulting aggregate distribution matrix Mz is in Table 4.3. Like the 
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TABLE 4.3 

AGGREGATE CLAIM SMALL LOSS ~ LARGE COUNTS BIVARIATE 
DISTRIBUTION 

Small Large Loss Counts 
Loss 

0 1 2 3 4 5 6 
0 0.10% 0.05% 0.01% 0.00% 0.00% 0.00% 0.00% 

200,000 0.21% 0.12% 0.04% 0.01% 0.00% 0.00% 0.00% 
400,000 0.38% 0.22% 0.07% 0.02% 0.00% 0.00% 0.00% 
600,000 0.58% 0.36% 0.12% 0.03% 0.01% 0.00% 0.00% 
800,000 0.82% 0.53% 0.18% 0~05% 0.01% 0.00% 0.00% 

1,000,000 1.07% 0.71% 0.26% 0.07% 0.01% ~ 0.00% 0.00% 
1,200,000 1.31% 0.91% 0.34% 0.09% 0.02% 0.00% 0.00% 
1,400,000 1.54% 1.11% 0.43% 0.12% 0.03% 0.00% 0.00% 
1,600,000 1.74% 1.30% 0.52% 0.15% 0.03% 0.01% 0.00% 
1,800,000 1.90% 1.46% 0.60% 0.18% 0.04% 0.01% 0.00% 
2,000,000 2.02% 1.60% 0.68% 0.20% 0.05% 0.01% 0.00% 
2,200,000 2.09% 1.71% 0.75% 0.23% 0.06% 0.01% 0.00% 
2,400,000 2.12% 1.78% 0.80% 0.25% 0.06% 0.01% 0.00% 
2,600,000 2.11% 1.82% 0.84% 0.27% 0.07% 0.02% 0.00% 
2,800,000 2.06% 1.83% 0.86% 0.29% 0.08% 0.02% 0.00% 
3,000,000 1.98% 1.81% 0.87% 0.30% 0.08% 0.02% 0.00% 
3,200,000 1.88% 1.75% 0.87% 0.30% 0.08% 0.02% 0.00% 
3,400,000 1.76% 1.68% 0.85% 0.30% 0.09% 0.02% 0.00% 
3,600,000 1.62% 1.59% 0.82% 0.30% 0.09% 0.02% 0.00% 
3,800,000 1.48% 1.49% 0.79% 0.29% 0.09% 0.02% 0.00% 
4,000,000 1.34% 1.38% 0.74% 0.28% 0.08% 0.02% 0.00% 
4,200,000 1.20% 1.26% 0.70% 0.27% 0.08% 0.02% 0.00% 
4,400,000 1.06% 1.14% 0.64% 0.25% 0.08% 0.02% 0.00% 
4,600,000 0.94% 1.03% 0.59% 0.24% 0.08% 0.02% 0.00% 
4,800,000 0.82% 0.91% 0.54% 0.22% 0.07% 0.02% 0.00% 
5,000,000 0.71% 0.81% 0.48% 0.20% 0.07% 0.02% 0.00% 
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original bivariate severity, this matrix has units in dollars for the "small" 

losses, and counts for the "large" losses. The marginal distribution for the 

aggregate small losses is found by summing the probabilities in each row. 

The simulation procedure first simulates an aggregate amount for the 

"small" losses, and then finds a conditional frequency distribution for the 

"large" loss counts. The conditional large loss frequency distributions are 

created by rescaling each row of M, to total  100%. This is shown in Table 4.4. 

The conditional matrix shown in Table 4.4 is also instructive in itself, be- 

cause it clearly shows the dependence between large and small losses. Simply 

put, an increase in frequency means more losses in both the large and small 

categories. 

The final simulation procedure for the PERM is then: 

• Simulate the aggregate dollars of small losses out of its marginal dis- 

tribution. 

* Simulate the number of large losses from the corresponding conditional 

frequency distribution. 

* Simulate a severity amount for each of the large losses. 

This procedure allows us to efficiently simulate losses without the need 

to individually simulate every small loss, and at the same time preserves the 

dependence structure between the large and small losses. 
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TABLE 4.4 

CONDITIONAL DISTRIBUTIONS OF LARGE COUNTS GIVEN AGGREGATE 
SMALL LOSSES 

Small 
Loss 

0 
200,000 
400,000 
600,000 
800,000 

1,000,000 
1,200,000 
1,400,000 
1,600,000 
1,800,000 
2,000,000 
2,200,000 
2,400,000 
2,600,000 
2,800,000 
3,000,000 
3,200,000 
3,400,000 
3,600,000 
3,800,000 
4,000,000 
4,200,000 
4,400,000 
4,600,000 
4,800,000 
5,000,000 

Large Loss Counts 

0 1 2 3 4 5 6 
59.87% 29.94% 8.23% 1.65% 0.27% 0.04% 0.00% 
56.88% 31.28% 9.39% 2.03% 0.36% 0.05% 0.01% 
54.91% 32.07% 10.18% 2.33% 0.43% 0.07% 0.01% 
53.26% 32.68% 10.87% 2.60% 0.50% 0.08% 0.01% 
51.80% 33.17% 11.49% 2.85% 0.57% 0.10% 0.01% 
50.37% 33.62% 12.11% 3.12% 0.64% 0.11% 0.02% 
49.03% 34.01% 12.70% 3.39% 0.72% 0.13% 0.02% 
47.77% 34.34% 13.26% 3.65% 0.80% 0.15% 0.02% 
46,55% 34.63% 13.81% 3.92% 0.89% 0.17% 0.03% 
45.38% 34.87% 14.34% 4.19% 0.97% 0.19% 0.03% 
44,26% 35.09% 14.86% 4.47% 1.07% 0.22% 0.04% 
43.17% 35.26% 15.37% 4.74% 1.16% 0.24% 0.04% 
42.12% 35.41% 15.86% 5.02% 1.26% 0.27% 0.05% 
41.10% 35.53% 16.34% 5.31% 1.37% 0.30% 0.06% 
40,11% 35.62% 16.80% 5.59% 1.47% 0.33% 0.06% 
39.16% 35.69% 17.25% 5.88% 1.58% 0.36% 0.07% 
38.22% 35.73% 17.69% 6.17% 1.70% 0.39% 0.08% 
37.32% 35.75% 18.12% 6.46% 1.82% 0.43% 0.09% 
36.44% 35.75% 18.54% 6.75% 1.94% 0.47% 0.10% 
35.58% 35.73% 18.94% 7.05% 2.07% 0.51% 0.11% 
34.74% 35.69% 19.33% 7.34% 2.19% 0.55% 0.12% 
33.93% 35.63% 19.71% 7.64% 2.33% 0.59% 0.13% 
33.14% 35.56% 20.08% 7.94% 2.46% 0.64% 0.14% 
32.37% 35.47% 20.44% 8.24% 2.61% 0.69% 0.16% 
31.61% 35.36% 20.78% 8.54% 2.75% 0.74% 0.17% 
30.88% 35.25% 21.12% 8.83% 2.90% 0.79% 0.19% 
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5.  CONCLUSION 

Aggregating a bivariate severity distribution is a useful technique. Two sever- 

ity components are separately aggregated while preserving their dependence 

structure. This technique can be applied when pricing a policy with a per 

claim retention and a Stop Loss on the aggregate retention. It can also be 

applied more generally. The two random variables can be different items 

such as dollars and counts. 

In this paper we aggregate the bivariate distribution using the FFT, but 

it is possible to do this with the continuous Fourier Transform or simulation. 

Sundt [8] shows that  this can be done with recursive techniques. It may 

sometimes be preferable to utilize a mix of techniques. 

This technique can be extended to n dimensions by developing a multi- 

variate distribution Mx. With the claim count PGF and an n-dimensional 

FFT, the aggregate multivariate array Mz is obtained as, 

Mz = IFFT(PGF(FFT(M~,))).  
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APPENDIX A SAMPLE TWO DIMENSIONAL FAST FOURIER TRANSFORM 
USING R 

It is convenient to compute FFT's using preprogrammed software. An excel- 

" lent piece of software that includes FFT functions is based on the S language 

and is publicly available for free. It is called "R" [2]. Versions of R for vari- 

ous operating systems can be found by following 'http://cran.r-project.org/'. 

R is copyrighted software made publicly available under the GNU General 

Public License which is available at 'http://www.guu.org/copyleft/gpl.html'. 
The FFT function is also available in commercial software packages, e.g., 

MATLAB and S-Plus. 

A listing from a session with R shows how easy it is to compute two 

dimensional FFTs. Lines typed by the user begin with ">". The inverse of a 

mat r ix  14 is obta ined with " f f t  (14, T ) /n , "  where n is the  number  of elements 

in the  matr ix .  

> ms<-matrix(c( .4,0,0, .3, .3,0,0,0,0) ,3,3,byrow=T) 

> ms 

[ ,1 ]  [ ,2 ]  [ ,3 ]  

[1 , ]  0 

[2 , ]  0 

[3,] 0 

0.4 0.0 

0.3 0.3 

0.0 0.0 

> f<-fft (ms) 

>f 

[ ,  1] [ ,  2] [ ,  3] 

[ t , ]  1. O+O.O000000i O. 55-0. 2598076i O. 55+0.2598076i 

[2 , ]  O. 1-0. 5196152i O. 10+0. O000000i O. 55-0.2598076i 

[3 , ]  0.1+0.5196t52i  0.55+0.2598076i O.tO+O.O000000i 

> f * f  

[ ,  ~] [ ,  2] [ ,  3] 

C1,] 1.00+0.0000000i 0.235-0.2857884i 0.235+0.2857884i 

[2 , ]  -0.26-0.1039230i  O. OlO+O. O000000i O. 235-0.2857884i 
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[ 3 , ]  -0.26+0.10392301 0.235+0.28578841 0.010+0.0000000i 

> m a < - f f t ( f * f , T ) / 9  

> m a  

C, 13 [, 23 C, 33 

[1,]  0.16+0i 1.652685e-18+0i 2.301894e-17+0i 

C2,] 0.24+0i 2.400000e-01+0i 2.467162e-17+0i 

[ 3 , ]  0.09+0i  1.800000e-01+0i 9.000000e-02+0i 

For those wishing to program their own algorithms see [6]. Note that 

when the object to be transformed consists only of real numbers, there are 

symmetries that can be used to decrease the amount of computing required. 

849 



INSURANCE APPLICATIONS OF BIVARIATE DISTRIBUTIONS 

APPENDIX B CORRELATION OF LARGE AND SMALL LOSSES 

Consider the Collective Risk Model with aggregate losses represented by the 

sum of individual claims 

Z = X1 + ... + X~¢. 

The Xi are independent and identically distributed (iid) random variables 

denoting claim sizes. Claim counts are denoted by the random variable N 

which is independent from each Xi- It is further assumed that  the first 

moment of Xi is finite and that  the second moment of N is finite. 

Let T denote the threshold for distinguishing between small claims and 

large claims, i.e., Xi is small if Xi _< T. Define a small loss indicator, Ii = 1 

for Xi _< T, and 0 otherwise. Then we have small aggregate losses 

Zs  = X l l l  + ... + X N I N  

and large aggregate losses 

ZL = Xa(1 - 11) + ... + XN(1 - lu ) .  

Let p be the probability that  Xi  < T. Denote the conditional means for small 

and large claim sizes with 

las = E[X,]X,  < T] 

UL = E[X,  IX~ > r I. 

Denote the claim count mean and variance with 

a~ = Var[N] 

UN = E[N]. 

P r o p o s i t i o n  

Cov[Zs,  ZL] = p/~S(1 -- p)/aL(a~ -- ,aN). (S.1) 
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N N 

= E [ ( ~  X,I , ) (Z  X,(~ - I,))] 
i ~ l  i =1  

N N 

= E N E x [ ( ~ X , 1 , ) ( Y ~ X , ( 1  - I,))] 
j=i j=i 

= E N E x [ ( ~ , X , 1 , X j ( 1  - l j ) )  + ( ~ , X , I ,  X j ( 1  - lj))] 
i=j j# i  

= E u [ N ( N  - 1 ) E x [ X I ] E x [ X ( 1  - I)]], since Ii(1 - Ij)  = 0 for i = j 

= E u [ N ( N - 1 ) U S p U L ( 1 - p ) ]  

= ( E ( N  2) - PN)USP#L(1 -- p). 

E[ZL]E[Zs] = (Ulv#sP)(pl~#L(1 - p))  -= #~pSPPL(1  - p). 

These yield the result since, 

C o v i Z s ,  ZL] = E[ZsZL]  - E[Zs]E[ZL].  
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