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Volume LXVII, Part 1 No. 127 

PROCEEDINGS 

May 11, 12, 13, 14, 1980 

LOSS RESERVES: PERFORMANCE STANDARDS 

C. K. KHURY 

INTRODUCTION 

Loss reserves have a significant impact on the reported operating results as 
well as on the financial condition of an insurer. Actuarial literature to date has 
focused on developing loss reserving methods [l]. The matter of assessing the 
condition [2] of loss reserves, on the other hand, has received relatively little 
attention. 

The scarcity of material in this area seems to have given observers of our 
industry some sort of license to make periodic pronouncements [3] about the 
adequacy of loss reserves. Security analysts, for example, have made such 
statements and distributed them throughout the investment community and the 
insurance industry. The strength of these statements seems to derive mainly 
from the ability to give them a wide distribution; a subsequent section of this 
paper suggests that such statements can be speculative and highly misleading. 
Concurrently and separately, there appears to be within regulatory circles, 
particularly the National Association of Insurance Commissioners, a movement 
towards requiring an actuarial opinion on the condition of annual statement loss 
reserves. 

Both conditions noted here suggest that published loss reserves are not 
viewed with a great deal of confidence, either by investors or by regulators. 
The problems caused by this lack of confidence are numerous. Two prominent 
classes of problems deserve mention: the many applications for rate increases 
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which have been denied, or cut back, because of disagreements about the 
condition of loss reserves; and, the capacity which has been lost to the insurance 
industry because of failure to attract and retain investor capital due to investor 
anxiety about the condition of loss reserves. 

What is the root cause of this lack of acceptance of the published loss 
reserve estimates? The major premise of this paper is that the rationale under- 
lying the reserving process is not well understood generally by the ultimate 
users of the reserve estimate. 

There appears to be a need to crystallize the rationale underlying the loss 
reserving process. This paper is aimed in that direction. Specifically, three 
concepts will be developed: 

- The concept of the loss reserve as a combination of a point estimate and 
a confidence interval. 

- The concept of developing actuarial assumptions as a necessary step in 
the loss reserving process. 

- The concept of actuarial gain/loss in reporting financial results. 

Methodologies illustrating these concepts will be introduced along with a de- 
scription of opportunities for further research. 

THE LOSS RESERVE AS A POINT ESTIMATE AND A CONF’IDENCE INTERVAL 

In the ordinary course of events, an insurer’s estimate of its unpaid claim 
liability (case reserves plus supplemental [4] reserves) is reported in the Annual 
Statement as a single numerical value. Schedules 0 and P provide a means for 
reporting updates of this estimate. In this way the Annual Statement provides 
for a retrospective test of the accuracy of previously published loss reserve 
estimates. The Annual Statement, however, does not disclose the quality of the 
original estimate in relation to subsequent updates. In other words, if the original 
estimate ultimately turns out to have missed the mark by some amount, positive 
or negative, there is nothing in the Annual Statement to tell us whether the 
variation is within “acceptable” bounds. In the absence of some standard(s) of 
expected variation, of course, the issue is largely academic. In fact, if one is 
interested in evaluating the loss reserving performance, then defining a band of 
expected variation becomes a necessary adjunct to the statement of a point 
estimate of the unpaid claim liability. 
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In order to develop the loss reserve confidence interval in the context of this 
paper, it will be necessary to digress and discuss the pure premium confidence 
interval. 

Expense loadings aside, the ratemaking process is concerned with estimating 
an ultimate pure premium per unit of exposure during a prospective experience 
period. In other words, the pure premium is the present value of expected claim 
payments. The pure premium estimate is based mainly on prior claim experience 
which has been projected forward to the applicable policy period. This pure 
premium is normally stated as a point estimate, for practical reasons that are 
obvious. None the less, since this point estimate is just that, an estimate, it has 
associated with it a process variance [5] which is a function of the underlying 
frequency and severity distributions. This process variance exists whether ex- 
plicitly stated or not and it is generally equal to the compound variance of the 
underlying frequency and severity of loss. 

First, let us consider the frequency element of the pure premium. Suppose 
the occurrence of claims is distributed according to a known risk process, F, 
and suppose we have a body of recent experience which has produced an 
observed frequency $. For a given probability p, one can generate a confidence 
interval around?, of radius R(F, p). In other words, the true ultimate frequency, 
f, will lie somewhere within the interval v + R(F, p)] with probability p. 

The severity element of the pure premium is amenable to the same treatment 
with: 

Severity distribution . . . . . . . . . . . . . . . . . . . . . . . S 
Observed severity . . . . . . . . . . . . . . . . . . . . . . . . . i 
Selected probability . . . . . . . . . . . . . . . . . . . . . . . p 
Radius of the severity confidence interval 

associated with S andp . . . . . . . . . . . . . . . . . . R(S, p) 

Then for the given probability, the true ultimate severity, s, will be within the 
interval [;S + R(S, p)] with probability p. 

The pure premium confidence interval can now be constructed several dif- 
ferent ways depending on the desired degree of precision. The endpoints of the 
simplest and most “liberal” interval are the products of the endpoints of the 
frequency and severity confidence intervals. On the other hand, the smallest and 
most “economical” confidence interval is based on the compound distribution 
of F and S. Often an explicit form for this distribution is not available. May- 
erson, Jones, and Bowers [6], and Hewitt [7] have described procedures for 
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determining the expected process variance under certain conditions, which can 
be extended to derive a confidence interval about the pure premium given a 
probability. In any event, between the two extremes lie many choices, with 
attendant varying degrees of economy, of confidence intervals which can be 
associated with the point estimate of the pure premium. The selected pure 
premium confidence interval will be a key input in the development of a 
confidence interval for the loss reserve point estimate. 

Viewing the reserve situation from the threshold (January 1) of a given 
accident year, say 1978, suppose a pure premium, P, and a confidence interval 
of radius R(P, p), corresponding to a selected probability p, have been devel- 
oped. Also let the number of exposure units which are expected to be earned 
during 1978 be given by N. On January 1, 1978, the ultimate total incurred loss 
cost for accident year 1978 is expected to be in the interval [NP & N1’2 * 
R(P, p)] with probability p. The radius [N l/2 * R(P, p)] is associated with process 
variance. That is, if the a priori pure premium were known, the final result 
might still differ from the a priori level by as much as [N1’2 * R(P, p)] with 
probability p. In reality, however, there is still the uncertainty associated with 
parameter selection in the course of constructing P. In other words, the a priori 
frequency and severity do not exist, but have to be estimated. Thus, the aggre- 
gate expected variation of (N * P) is [N 1/Z * R(P, p)] plus something to recognize 
parameter variance. The author has arbitrarily chosen N112 as the factor by 
which the a priori radius has to be expanded. In other words, the ultimate total 
incurred loss will be in the interval [NP & N * R (P, p)] with probability p. The 
radius of this interval is N1’2[N1’2 . R(P, p)] = [N . R(P, p)]. 

Moving to January 1, 1979, the question of the rate (with its underlying 
pure premium) is now a matter of history. In other words, all policies written 
to become effective in 1978 at the pure premium P have been written, and all 
resultant earned exposures have been determined. Recalling that P is the sum 
of all present values of claims arising out of the N exposure units earned in 
1978, the estimated value of P may be stated as follows: 

P(1978, 1978) = i Pd(1978, 1978 + i, 1978), where: 
i=O 

P(x, y) = The pure premium for accident year x as calculated (estimated) 
on January 1, y. Thus, P(1978, 1978) is the 1978 accident 
year pure premium as estimated on January 1, 1978. 
P(1978, 1980) is the 1978 accident year pure premium esti- 
mated (recalculated) on January 1, 1980. 
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Pd(x, y, z) = The present value (on January 1, x) of all claim payments 
made on behalf of accident year x, during year y as estimated 
on January 1, z. Thus, Pd(1978, 1980, 1978) is the present 
value (on January 1, 1978) of all claim payments to be paid 
on behalf of accident year 1978 during 1980 as estimated on 
January 1, 1978. Pd(1978, 1981, 1979) is the present value 
of all claim payments to be paid on behalf of accident year 
1978 during 1981 as estimated on January 1, 1979. 

n = The number of years needed to close out an accident year x 
counting from December 3 1, X. 

Thus, on January 1, 1979, one is in fact able to compare the estimate Pd( 1978, 
1978, 1978) with actual experience, that is, with Pd(1978, 1978, 1979). One 
can construct Table 1 (letting it = 3 for this example). 

TABLE 1 

Projected Actual 

P&1978, 1978, 1978) Pd(1978, 1978, 1979) 
Pd(1978, 1979, 1978) 
Pd(1978, 1980, 1978) 
Pd(1978, 1981, 1978) 

On January 1, 1978, with little information about 1978, the range of the 
ultimate incurred loss was estimated to fall in the range [N(P of: R(P, p))] with 
probability p. On January 1, 1979, actual information about accident year 1978 
becomes available; most of the claims have been reported and a portion of the 
severity has been incurred (the degree off and s realized depends on the nature 
of the subject line of business). Recall that the issue at hand is “what kind of 
a confidence interval can be attached to the loss reserve estimate as of January 
1, 1979?” [81 

The loss reserve for accident year 1978, valued as of January 1, 1979, can 
be viewed as the newly estimated 

i Pd(1978, 1978 + i, 1979) 
i=l 

In other words, the reserving process on January 1, 1979 is equivalent to 
computing P( 1978, 1979) based on all information available on January 1, 
1978, plus all the new information acquired during 1978. It should be quite 



6 LOSS RESERVES 

safe to assume that the quality of P(1978, 1979) is no worse (and is probably 
better)thanP(1978, 1978).Inotherwords,P(1978, 1979)iscloserthanP(1978, 
1978) to the mark: 

jP(1978, 1979) - P(1978, 1982)) 5 lP(1978, 1978) - P(1978, 1982)l 

Now the perhaps obvious transition can be made from pricing to its sister 
process, reserving. The process of estimating P( 1978, 1979) is reduced to 
estimating C:=, Pd(1978, 1978 + i, 1979), since Pd(1978, 1978, 1979) is 
already a known quantity. Thus, the comparison table (Table l), shown earlier, 
can be extended into Table 2. 

TABLE 2 

Increments as of: 

January 1, 1978 January 1, 1979 

Pd( 1978, 1978, 1978) Pd(1978, 1978, 1979) = History 
Pd(1978, 1979, 1978) Pd(1978, 1979, 1979) = New Estimate 
Pd(1978, 1980, 1978) Pd( 1978, 1980, 1979) = New Estimate 
Pd(1978, 1981, 1978) Pd( 1978, 1981, 1979) = New Estimate 

P( 1978, 1978) P(1978, 1979) = New Estimate 

The radius of the confidence interval associated with P( 1978, 1978) was given 
by [iv * R(P, p)]. The radius of the confidence interval associated with 
P( 1978, 1979) must be no greater than [N . R(P, p)]. This is true because 
more information is available on January 1, 1979 for computing P( 1978, 1979) 
than was available on January 1, 1978 for computing P( 1978, 1978); both 
values represent attempts at hitting the same unknown, but fixed, bull’s eye: 
P( 1978, 1982). 

TABLE 3 

Incremcm as of h”“W I 
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Extending Table 2 to an ultimate basis produces Table 3. The boxed amounts 
to the right of the dotted line are accident year 1978’s loss reserves as they 
enter financial statements at successive year-ends. The values to the left of the 
dotted line are boxed for emphasis only, as they are values implied by the rates 
in use by the insurer and, as such, do not appear in any financial statements. 
Indexing [N * R(P, p)] in the same manner as P produces the following associ- 
ations: 

Valuation Radius of Confidence Interval 

P( 1978, 1978) N . R(P(1978, 1978), p) = N - R(P, p) 
P( 1978, 1979) N - R(P(1978, 1979), p) 
P(1978, 1980) N . R(P(1978, 1980), p) 
P(1978, 1981) N - R(P(1978, 1981), p) 
P(1978, 1982) N - R(P(1978, 1982), p) = 0 

This illustrates the conclusion that the confidence interval associated with 
P(1978, 1978 + i) must have a radius between 0 and [N 3 R(P, p)]. The appro- 
priate radius value (between 0 and [N * R(P, p)]) can be determined by a func- 
tion, G(i), which satisfies the following conditions: 

G(i) exists on the interval [0, n] 
G(O) = [N * RP, PII 
G(n + 1) = 0 
G(i) 2 G(j) whenever i 5 j 

The choice of G should reflect the degree of conservatism the practitioner may 
wish to introduce into the reserving process in recognition of the volatility [91 
of the subject line of business. 

Figure 1 displays several possible forms of the function G. The form shown 
on Graph A in Figure 1 may be suitable for medical malpractice; Graph B may 
be suitable for workers’ compensation; Graph C may be suitable for automobile 
property damage liability. 
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FIGURE 1 
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A numerical application of this process is provided below for illustrative 
purposes: 

Accident Year = 1978 
N = 10,000 
n = 4 (accident year will be closed out on 12/31/82) 

P(1978, 1978) = $80 
p = .85 

R(P, p) = R(80, .85) = $9 
N * R(P, p) = $90,000 

Pd(1978, 1978, 1978) = $400,000 
Pd(1978, 1979, 1978) = $200,000 
Pd(1978, 1980, 1978) = $100,000 
Pd(1978, 1981, 1978) = $60,000 
Pd(1978, 1982, 1978) = $40,000 

G(i) = [SO,OOO/(i + 1)2] - 500i 
i = 0, 1, 2, 3, 4, 5 = n + 1 

Thus, the reserve amounts (projected as of January 1, 1978) and the radii of 
their projected confidence intervals are given by: 

(1) 

Projected Valuation 
To Be Made 

As Of December 31 

1978 
1979 
1980 
1981 
1982 

(2) 

i - 

1 
2 
3 
4 
5 

(3) 

Expected 
Estimated 
Reserve 

$400,000 
200,000 
100,000 
40,000 

0 

(4) 
Projected 

Confidence 
Interval 

G(i) 

$22,000 
9,000 
4,125 
1,600 

0 

(5) 

% Swing 
(4) + (3) 

5.5% 
4.5 
4.1 
4.0 
N/A 

ACTUARIAL ASSUMPTIONS 

At this point a brief digression from the property and casualty lines is in 
order. Consider the life insurance company statement. Policyholder reserves are 
by far the largest single liability. The derivation of these reserves is a mechanical 
process based on actuarial assumptions and well defined formulae. For each 
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kind of policy that is in force, for example, actuarial assumptions are made 
(mortality, morbidity, interest, etc.), and the reserve is produced mechanically 
via various actuarial formulae. 

The same is true in the valuation of pensions. To arrive at funding estimates, 
actuarial assumptions are made (mortality, morbidity, interest, employee tum- 
over, etc.), and the funding estimate is produced mechanically. When one 
examines the process of estimating funding requirements, it quickly becomes 
apparent that this process is indeed very similar to loss reserving! In pension 
funding, both “frequency” (number of retired lives) and “severity” (the du- 
ration of an average retirement) are subject to frequent shifts. The pension 
actuary attempts to recognize these movements by reviewing and updating the 
plan’s actuarial assumptions annually and making adjustments to the funding 
requirements based on those changes. 

In many property and casualty lines, there normally exists a good deal of 
historical experience that can lend itself to a similar approach to the loss reserve 
estimation process. Consider, for example, two components of the pure pre- 
mium, frequency and severity. 

Frequency 

Historical development (incidence) patterns of frequency over time can be 
arrayed so as to develop model frequency assumptions. For example, consider 
a given line of business, with a history of five completed accident years. Also, 
assume that all claims are reported within three years of occurrence. 

Incidence of Frequency 

Development Accident Year 

Year 1 2 3 4 5 

1 f(l? 1) fG 1) f(3, 1) fl4, 1) A59 1) 
2 f(l, 2) m 2) fl3, 2) f(4, 2) f(5, 2) 
3 f(lT 3) A29 3) fc+? 3) f(4, 3) fl5, 3) 

Several frequency models can be extracted from this history depending on 
environmental factors [lo] as well as on the actuary’s points of emphasis. One 
approach is to develop a frequency time index by dividingflk, i) by f(k, 3) for 
every k and i: 
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Frequency Time Indices 

Accident Year Model 
Development Frequency 

Year 1 5 Time Index . . . 

1 f(l, lh!m, 3) * * * fed l)lf(5, 3) fC.9 1) 
2 Al, 2)&U, 3) * - * f(5, WV, 3) A.7 2) 
3 f(l, 3)lf(l, 3) - * * f(5, 3)lf(5, 3) A., 3) 

At this point, one should note that the extrapolation of model frequency time 
indices fi., 1)) f(. , 2)) and f(. , 3) can be accomplished by taking the arithmetic 
mean for each of the development years; or by weighting the indices by an 
arithmetic series, by a geometric series, or by exposure units; or by using other 
approaches. The result, in any case, is the same: a frequency model has, in 
fact, been produced. Denote the general model by: 

IF& m, T, n):f(., l),f(., 21, . . . ,fl., n)l 

This model is for line of business L, based on m years of experience ending 
with year T, and requires n years to develop f to a fully reported basis. For 
example, for line of business L, one might have: 

[F(L, 5, 1974, 4): .80, .88, .95, 1.001 

Severity 

The same construction applies to the severity element, producing the follow- 
ing general model: 

ML, m’, T’, n’): s(., l), s(., 2), . . . , s(., n’)] 

Two other prominent factors need to be fixed as actuarial assumptions: 
interest and inflation. Also, in utilizing these assumptions, the need to develop 
a claim payout (cash flow) model will have to be met. 

Interest 

Since reserves represent funds held by the insurer, they will earn interest, 
regardless of to whom these funds (and, therefore, the interest) belong. An 
interest assumption, therefore, is needed to recognize future interest income on 
these loss reserves. There are those who believe that reserves should not be 
discounted for interest; for them an interest assumption of zero is suitable. An 
assumption must be made nevertheless. In this paper, interest will be treated as 
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an assumption, i, which may take on any non-negative value. Because interest 
can vary from year to year, the assumption may be varied. Accordingly, denote 
the interest rate expected to prevail during year t by i(t). 

Injlation 

It has been suggested often that loss reserves need not be discounted for 
interest because inflation acts as negative interest. This view may have validity 
as long as inflation and interest rates are identical. In all other cases, both factors 
need to be recognized separately. Denote the inflation assumption expected to 
prevail during year t by j(t). 

Payout Model 

P can be constructed [ 111 in much the same way as S was, producing the 
following model increments: 

[A@, m’, T’, n’): a(., I), a(., 2), . . . , a(., n’)] 

where a(., 2) represents the portion of an individual accident year that will be 
paid during the second year of development. Note the similarity of index 
construction to that underlying S. 

Given that inflation acts on loss reserves in the same manner as “negative 
interest,” the combined interest/inflation assumption may be constructed for 
year t, as [i(t) - j(t)] and be denoted by Z(t). 

Given these assumptions: frequency, severity, payout model, interest, and 
inflation; the loss reserve estimate can be derived mechanically. For example, 
consider accident year 1978 as of December 3 1, 1978: 

- Exposure units earned. . . . . . N 
- Observed frequency . . . . . . . f(78, 1) 
- Observed severity . . . . . . . . . ~(78, 1) 
- Observed payments . . . . . . . a(78, I), 

given the model assumptions developed earlier: 

F:f(., l),f(., 3, f . . ,f(., n) 
S: s(., l), s(., 2), . . . , s(., n’) 
A: a(., l), a(., 2), . . . , a(., n’) 
Z: z(79), z(80), . . . , ~(77 + n’) 
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Now the reserve can be generated directly as follows: 

1. Determine the ultimate reserve assuming z(t) = 0 for all t: 

B = (NllX78, lM., n)lf(., l)lbG’8, lM., n’)/s(., 1X - 478, 1) 

2. Subdivide B into its payment increments using the payout model A: 

BI = UUX., 2) - a(., 1)1/M., n’) - a(., 1)l 

& = @)[a(., 3) - a(., 2)1/M., n’) - a(., 111 

BS = (B)[a(., 4) - a(., 3>1/[4., n’> - a(., 1)l 

B,,-, = (B)[a(., n’) - a(., n’ - l)]/[a(., n’) - a(., l)] 

3. Adjust the reserve for Z (assuming all the increments of B are paid on 
December 3 1 of the subject year [ 121) and generate the present value of 
the final reserve for accident year 1978 as of December 31, 1978: 

Final Discounted Reserve = 

[l/(1 + z(79))& + 

[l/(1 + z(79))(1 + zGw)lB, + 
[l/(1 + z(79))(1 + z(80))(1 + z(81))& + . . . = 

?I’-1 

*z, [l/(1 + z(79))(1 + z(W) . . . (1 + ~(78 + qNl& 

Under the arrangement described above, the pressure points underlying the 
reserving process are completely exposed; the focus is on the assumptions 
underlying the computations. Perhaps it is now clear why a security analyst 
should not assess the state of loss reserves based solely on the published reserve: 
he does not have access to a key part of the prospective reserve computation, 
namely, the actuarial assumptions. He is normally working with retrospective 
returns, which assess the adequacy of past reserves. 

Knowledge of the adequacy level of past reserves, by itself, provides no 
information about the adequacy of current reserves. Knowledge of the assump- 
tions underlying current reserves is needed before valid conclusions can be 
drawn about their condition. Viewed in this light, pronouncements about the 
adequacy of reserves by anyone not having access to the underlying assumptions 
are essentially numerology and have no foundation in fact. In this sense, 
statements by security analysts about the condition of loss reserves may generally 
be described as speculative and uninformed. 
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One last point: if the reserving process for the property and casualty lines 
becomes fully predicated on actuarial assumptions, it will have pulled alongside 
the life insurance reserving process. The significance of this observation lies in 
the fact that security analysts do not usually publish statements evaluating the 
adequacy of life insurance company reserves. They know neither the assump- 
tions nor the formulae. 

ACTUARIAL GAIN/LOSS 

This section presumes that the estimate of the ultimate unpaid claim liability 
has been set as of December 31, t. During calendar year (t + I), the actual 
experience corresponding to this estimate can generate two effects on the finan- 
cial results of an insurer: 

- The effect of the difference between expected and actual claim payments. 
That is [B - al, actual development. 

- The effect of any restatement of the remaining unpaid claim liability 
arising from changes in the underlying assumptions. That is, change in 
expected development. 

The financial results for calendar year (t + 1) are composed of the results for 
the most recent calendar/accident year, (t + l), and of the results generated by 
the two factors noted above in connection with the development of prior years’ 
loss reserves. Because of this composition, the interpretation of current financial 
results is generally not favored with a great deal of clarity [ 131. There appears 
to be a need to spell out [14] the composition of current financial results, 
distinguishing between those generated by current operations and those gener- 
ated by loss development. In response to this need, this section contains one 
way in which this split can be effected and displayed in the annual statement. 

Consider Exhibit I. While the construction is largely self-explanatory, the 
following comments may be helpful: 

Line 1. (t + 1) is the only year generating premium income during the subject 
year (hence the zero under “all other”). 

Line 2. From the moment a premium dollar is received, it generates investment 
income until it is fully earned. The total investment income generated by the 
premiums earned during (t + 1) represents another source of premium-related 
income. As in the case of line 1, only calendar/accident year (t + 1) generates 
this category of income. 
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Line 3. As the premium dollar is earned, the pure premium gradually becomes 
an incurred loss-partly paid, partly in case reserves, and partly in supplemental 
reserves. Until the pure premium is fully paid, it generates investment income. 
The investment income generated by the unpaid pure premium during the year 
(t + 1) represents a source of income for both categories of experience periods: 
calendar/accident year (t + 1) and all other accident years. 

Line 10. The arithmetic is clear. The amount under the “all other” category 
represents the impact on current operations of loss reserve development, and it 
is proposed as the actuarial gain/loss realized during (t + 1) as a result of loss 
reserve development. As mentioned earlier, this amount is composed of two 
segments due to: 

IC; - al, and 
Changes in the December 3 1, t, reserve assumptions. 

The exhibit might be even more striking if the actuarial gain/loss were split into 
its two components [15] and displayed in a footnote. In this way the impact of 
changes in assumptions would be plainly in view. 

Although Exhibit I shows only one accident year split, there is no reason why 
it could not be extended to make use of several splits; the concepts are the same, 
and the actuarial gain/loss would be more precisely charged back to the appro- 
priate accident period. 

DISCUSSION, PROBLEMS, AND OPPORTUNITIES 

Given the three concepts advanced here, the loss reserving process tends to 
take on a slightly different look. Exhibit II describes the input/output flowchart 
of the process. Of all the process steps, perhaps the fifth is the one requiring 
comment. 

The chief executive might, with one stroke of the pen, unilaterally change 
the reserve estimate. While the right to do so is not at issue here, two conse- 
quences of such action should be spelled out: 

- All rates which utilize the revised loss reserve estimate will be inadequate 
or redundant depending on which way the judgment is made. 

- The accountability for the loss reserving performance will have shifted 
upward to the chief executive. 

The first consequence has the greatest potential for immediate damage. 
Whether the rates are either inadequate or excessive, the “system” is out of 
synchronization. The ratemaking and reserving processes are joined together by 
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many of the attributes joining the proverbial “chicken and egg” cycle. Because 
of this relationship, any change in the loss reserve estimate produced by the 
actuary should be made with the utmost care and with full awareness of its 
impact on the ratemaking operation. 

The second consequence would emerge most prominently if and when the 
Annual Statement had to be certified. Can the actuary certify the judgment of 
the chief executive? There is a suggestion here that, if the Annual Statement 
has to be certified by an actuary, then the fifth step should be omitted from the 
reserving process. If the ratemaking consequence is not sufficient to remove this 
step, perhaps a certification requirement would be. 

If the loss reserving process is fully predicated on actuarial assumptions as 
described here, then monitoring the performance of those making the assumption 
selections becomes a rather simple task. This can best be illustrated by the run- 
off chart illustrated in Exhibit III. The track record is plainly spelled out in 
terms of how the original assumptions fared. As a collorary to this application, 
one is able to test the ratemaking performance as well by inserting an additional 
column (in box) headed January 1, t. The assumptions in this column would be 
those underlying the original rate. In this manner the full interdependence of 
the ratemaking and reserving processes is further magnified. 

Although the proposals advanced here stand alone, there still remain nu- 
merous opportunities for further research that would enhance the proposed 
procedures: 

- The derivation of confidence intervals for the pure premium for different 
classes of business. 

- The composition of confidence intervals for the loss reserve of several 
lines/classes of business. 

- The development of continuous cash flow models for different lines of 
business. 

- The manner of reporting loss reserve confidence intervals along with the 
attendant probabilities. 

- Extension of the proposed concepts to lines of business insuring rare 
events-low frequency/high severity combinations. 

These are but a few of the research possibilities connected with the concepts 
introduced in this paper. 
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SUMMARY 

In this paper the loss reserving process is directly identified as a twin of the 
ratemaking process. Just as actuarial assumptions underlie the ratemaking pro- 
cess, it is suggested that actuarial assumptions underlie the loss reserving pro- 
cess. Just as the pure premium represents an estimate surrounded by a confidence 
interval, it is proposed that the loss reserve be defined as an estimate with its 
own confidence interval. Just as the actuary is normally accountable for the 
ratemaking performance, it is proposed that he also be held accountable for the 
loss reserving performance, along with full disclosure of how prior loss reserve 
estimates affected current financial results. For each of these concepts, an 
illustrative methodology is introduced. 

It is this writer’s belief that employing these ideas can enhance the clarity 
and prominence of the loss reserving process. Also, if and when a certification 
requirement should be introduced, these concepts should help in delineating the 
specific areas with which the actuary should deal. Finally, viewing the loss 
reserving process in the framework introduced here may sharpen the practi- 
tioner’s awareness of the value of loss reserving performance standards, and in 
the process help motivate an even better work product. 
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EXHIBIT I 

SPLIT OF FINANCIAL RESULTS DURING CALENDAR YEAR t + 1 
BETWEEN CURRENT OPERATIONS AND Loss DEVELOPMENT 

1. Earned premiums 
2. Investment income on unearned 

premiums* 
3. Investment income on loss reserves 

4. Total income attributable to insurance 
operations 

5. Claim payments 
6. Loss reserves as of December 3 1, t 
7. Loss reserves as of December 3 1, 

0 + 1) 
8. Incurred losses [(5) + (7) - (6)] 

9. Incurred expenses* * 
10. Net income due to insurance 

operations [(4) - (8) - (9)l 

* Only with respect to line 1. See narrative. 
** Includes all loss adjustment expenses. 

Calendar/Accident Period 

(t + 1) All Other All Years 

$10,000 $ 0 $10,000 

500 0 500 
300 1,500 1,800 

$ 1,500 $10,800 $12,300 

$ 2,000 $ 5,000 $ 7,000 
0 25,000 25,000 

4,000 22,000 26,000 

$ 6,000 $ 2,000 $ 8,000 

$ 3,500 $ 600 $ 4,100 

$ 1,300 $(l,lOO) $ 200 
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EXHIBIT II 

COMPOSITION OF A TYPICAL Loss RESERVING CYCLE 

Input Processed by output 

1. Day-to-day 
transactions of an 
insurance business. 

2. Environmental factors 
and nature of raw 
data. 

3. Raw data, 
assumptions, and 
method. 

4. Loss ratio distributions 
and raw data. 

5. Reserve point estimate 
and confidence 
interval and ? 

6. Final reserve estimate. 

Operating departments Raw data 

Actuary Assumptions 

Actuary Reserve point estimate 

Actuary 

President 

Confidence intervals 

Final reserve estimate 

Actuary Annual Statement 
allocations and pricing 
inputs 



EXHIBIT III 

TESTING OF THE ACTUARIAL ASSUMPTIONS UNDERLYING THE RATES AND RESERVES OF ACCIDENT YEAR t 

Assumptions 

Category Basis 

1. Frequency Ultimate 
2. Severity Ultimate 
3. Interest t 

t+ 1 
t+2 

t+n-1 
4. Inflation t 

t+l 
t+2 

t+n-I 
5. Payout t 

Increments t + 1 
t+2 

t+n-1 

1.l.t 

f 
s 
i(t) 
i(t + 1) 
i(t + 2) 

i(t + n - 1) 
At> 
At + 1) 
At + 2) 

j(t + n - 1) 
P(l) 
P(2) 
P(3) 

p(n) 

Valuation Date 

fi fi 
s1 sz 
2(t) ?(t) 
i1(t + 1) Z’(t + 1) 
il(t + 2) i2(t + 2) 

i,(t + n - 1) iz(t + n - 1) 
j’(t) x0 
jdt + 1) j(t + 1) 
j& + 2) .M + 2) 

j,(t + n - 1) j,(t + n - 1) 
B(l) B(l) 
Pl(2) d(2) 
Pl(3) Pd3) 

h(n) p&4 

12.31.t 12.31.t + I 12.31.1 + 2 . . . 12.31.t + n - 1 

f3 3 
s3 ^s 
?(t) j(t) 
1(t + 1) ?(t + 1) 
2(t + 2) ?(t + 2) 

z 
B 
ii 

i3(t + n - 1) Z(t + n - 1) P 

30) 30) 
2 
e! 

j(t + 1) j(t + 1) 
j(t + 2) j<t + 2) 

i 
j,(t + n - 1) J’(t + n - 1) 
m B(l) 
!w) Iw 
lx3) F(3) 

B(n) p3(n) 

Pricing Assumptions 
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DISCUSSION BY J. R. BERQUIST 

Mr. Khury has made a positive contribution to the expanding effort by 
casualty actuaries to replace over-emphasis on “seasoned judgment” by sci- 
entific method, and for this effort, he must be congratulated! His paper sets 
forth an approach for documentation of the actuaries’ assumptions as to fre- 
quency, severity, inflation, payout patterns and the time value of money in an 
explicit manner. Furthermore, he has introduced a notational system for these 
expressions so that they can be developed mathematically. We commend him 
for that effort. 

On the other hand, there is a possibility that the notational model is too 
restrictive to be of help in all but the more stable lines, i.e., those lines without 
the critical need for actuarial approaches. For example, extensions of the model 
to lines requiring an “n” of 20, not 3 or 4, will complicate the model manip- 
ulation considerably, since the extension for this time frame may introduce not 
only the additional terms but also the need for more complex assumptions as 
well. 

I also find myself a bit critical of the implication that the mathematical 
problem is simpler than it may in fact be. An example would be the analogy to 
life or pension reserving procedures. This reviewer, who is 100% sympathetic 
to the steps toward “formula” approaches to loss reserving, is still of the 
opinion that our best efforts will be less than successful for some years to come 
unless we continue to combine practical judgments with the best of mathematical 
techniques. 

Another area where Mr. Khury seems to be years ahead of the “state of the 
art” is his implication that there is a one-to-one correspondence of ratemaking 
subsets and reserving subsets. While this reviewer has consistently stated full 
agreement with that theoretical viewpoint, it must be realized that with the 
exception of one line, one state companies, there is usually not a one-to-one 
correspondence between rate setting subsets and reserving subsets. Again, that 
is a practical problem now and one that may vanish over time. 

But although there are practical conditions, such as the development of a 
statistically rigorous estimator of the author’s “G” function, which will make 
the transition to formularized reserves much more difficult than the paper im- 
plies, it does contain a framework which can enhance the actuarial computation 
of reserves. Except for the implication that the confidence interval can be 
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determined more easily than most applications permit, the procedure outlined 
can be most helpful in understanding the theoretical implications of the process. 

The actuarial gain/loss section sets forth a very useful process. For some 
time this reviewer has prepared exhibits for certain clients which define that 
component of the loss ratio which is due to effects of development on “old” 
claims and that component which is due to over or under reserving on “new” 
claims. 

In summary, this reviewer would like to congratulate the author for clearly 
identifying the reserving process mathematically and for stating it so clearly. 
Even though it may be some time before we are equipped to handle all of the 
required mathematics so explicitly for all lines, the attempt to do so will be 
most helpful to understanding the underlying process. Finally, we find it en- 
couraging to find an actuary who admits the close correspondence between 
ratemaking and reserve setting. It is a paper such as this one that can improve 
both. 
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METHODS FOR FI’lTING DISTRIBUTIONS 
TO INSURANCE LOSS DATA 

CHARLES C. HEWlTT, JR. AND BENJAMIN LEFKOWITZ 

VOLUME LXVI 

DISCUSSION BY LEE R. STEENECK 

“While this paper, so suggestive of an austere scholarship, may seem 
directed to those of the avant-garde who delight in frolicking among the outer 
reaches of actuarial theory, Mr. Hewitt presents both a challenge and a promise 
to those members whose interests, like this reviewer’s, may gravitate more 
towards the application of actuarial principles to current underwriting and rating 
problems. ’ ’ And so Robert Hurley began his review of an earlier Hewitt paper 
(PCAS LIB) titled “Distribution by Size of Risk-A Model.” 

I, too, have always been intrigued by actuarial theory put into practice to 
solve rating problems. Certainly the body of the Hewitt/I.efkowitz paper deals 
primarily with the practical manipulation of a fitted loss distribution’s cumulative 
function for the purposes of determining deductible discounts, increased limits 
factors, and relative frequency and severity. 

Lest the sharp reader point an accusing finger at me already, perhaps I 
should explain my use of the verb “intrigue.” Although Webster’s preferred 
definition is “to cheat or trick,” certainly I imply no diabolic intent to actuarial 
theory. Rather, my “interest is aroused.” 

I have some expertise with models used to price deductibles and increased 
limits factors. It was in 1976 and the then recently past “first” modem era of 
double digit inflation that actuaries working with the IS0 felt that an improve- 
ment on the uniform excess and so-called “layer-of-loss” approaches to in- 
creased limits rate-making were justly deserved. I became involved and was a 
past chairman of the standing IS0 committee dealing with commercial lines 
increased limits rate-making. I chose to review this paper, comparing it with 
what has been done in the last several years at ISO. Please keep in mind that 
our individual pursuits were totally independent, but it will be shown that our 
thoughts followed similar courses. Only in the practical manipulation of the 
curve do we, in fact, see differences. 

The Increased Limits Subcommittee has been working with general liability 



I FITTING DISTRIBUTIONS 25 

data. Our initial curve-fitting efforts centered around the log normal distribution 
to be used on “live” medical malpractice data. As work progressed on other 
lines, we noted the log-normal failed to adequately describe various loss pro- 
cesses. Frequently, there were too many smaller losses for a good fit. A second 
distribution, the Pareto, was then developed. But again, we have not been able 
to totally explain the loss process by this single distribution. Perhaps we should 
be investigating compound distributions as well. Instead, we have chosen to 
truncate the Pareto from below at a value of, say, $5,000 and assign a single 
probability mass for all losses in the range $1 to $5,000. Since this falls within 
basic limits, the distribution in the range lacks importance by comparison to the 
“tail” probabilities by loss amount. 

As a reinsurance actuary, I am constantly asked to evaluate large loss 
potential given that an insured has suffered a variety of smaller losses. This is 
a problem most of us face at one point or another. Even ISO, with its substantial 
data base, is missing detail on large losses by either (a) their non-occurrence 
(the fact that we have not seen a whole distribution of losses larger than 
$300,000 each) or (b) the tendency of primary policy limits to cap those losses 
which have occurred and are reported. Also, losses from excess and umbrella 
policies cannot be used with other raw data for fitting purposes. They are just 
not available in sufficient detail to use. From my point of view, this is primarily 
where the HewittlLefkowitz paper interests me-predicting the tail of the dis- 
tribution. 

As we follow the curve to the right beyond the fitted area, say, up to 
$300,000 limits, and move into the unknown larger loss area, the choice of 
curve is of primary importance. Whether it be gamma, log-gamma, log-normal, 
Pareto, etc., we are speculating on some increased limits losses. Substantial 
actuarial judgment is required. 

The authors have analyzed the “tail” problem in a manner similar to ours 
at ISO. Those losses that are at policy limits are said to be censored. A particular 
curve is fit in such a way that the number of policy limits losses are retained 
and are said to come from somewhere within the smooth extrapolation of the 
curve beyond policy limits. The reasonability test is: do all the tail frequencies 
of the fitted curve, when added together, compare favorably to the number of 
losses at policy limits? 

This sort of fitting process is performed many times on data split by policy 
limits. At IS0 it is called a multi-censored model. Naturally, the lesser the 
policy limit below $300,000, the greater the number of losses being censored. 
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As I mentioned before, I am concentrating on increased limits rate-making. 
The derived deductible credit columns on Tables 2 and 3 in the paper lend 
themselves extremely well to this. The tables, of course, are unitized, as should 
be expected for cumulative distribution functions. Layers of loss as a percentage 
of the total are calculated by subtraction. At ISO, we use a variation on this 
theme. We choose to use average policy limits losses. They reflect losses 
uncapped by policy limits as well as those capped at the policy limits. Then 
increased limits factors (based on expected value pricing) are determined by 
policy limits average loss plus average allocated loss expense plus unallocated 
loss expense divided by basic limits average loss plus the same average allocated 
loss expense plus unallocated loss expense. Neither type of loss expense was 
included for discussion by the authors. 

For all of us who enjoy working with calculators, we can derive some 
pleasure in manipulating the columns for deductible credit on Tables 2 and 3. 
But before I demonstrate one principle, let us briefly investigate whether 100% 
inflation is realistic (Table 2 to 3). At first glance it might appear high, but try 
raising 1.15 to the fifth power! Yes, for losses emanating from the 1975 policy 
year, if trend is level at 15% per annum losses will double when on-level 
calculations are performed for policy year 1980 rates. And policy year 1975 
experience is a most integral part of rates and increased limits factors being 
made for 1980. The other point to consider is whether all losses trend by the 
same percentage regardless of amount. IS0 has assumed so, based on a few 
limited tests. But certain lines do exhibit an apparent increasing trend by size 
of loss which requires further study. 

Given the reasonability of Tables 2 and 3, let us price the time differential. 
From Table 2 it can be demonstrated that if basic limits are $10,000 then a 
$250,000 policy (exclusive of LAE) should be rated at 2.81 times basic limits. 
Roughly 36% of the total cost is in the basic limits area, that is, $100 for each 
$281. With inflation, under Table 3, the increased limit factor (exclusive of 
LAE) is 3.62. Only 28% of the total limits premium is in basic limits now, that 
is, $200 for each $724. Note that even though inflation is lOO%, the excess of 
basic premium has risen nearly 200%, that is, from $181 to $524. If you are 
not acutely aware of the part excess limits experience plays on your underwriting 
results, you should be. The leveraged effect of inflation is a point well worth 
remembering. 

The cumulative frequency of cases columns are also interesting. Again, if 
basic limits are $10,000, a full 82.15% of all cases had losses falling in basic 
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limits (later to become 71.09% after inflation). The dollars of loss in basic 
limits during this period dropped from 25.88% to 17.54%. An analysis like this 
could be used to decide what limits should be called basic. Without raising the 
limit occasionally, the insurance principle of loss spread becomes much more 
dominant over equity for a class or territory. 

The cumulative frequency of cases columns also have use for excess of loss 
reinsurers as they plan on claim staff size and other operational costs associated 
with servicing different retentions to different sized treaty reinsureds. One of 
the methods for selecting a reasonable retention has to do with reinsuring only 
a small proportion of the number of claims, i.e. the largest claims with the most 
effect on loss experience. Using relative frequencies on fitted curves, the excess 
of loss reinsurer could suggest reasonable increases in retention to simplify the 
dialog and paperwork associated with administering a less than reasonable 
reinsurance program. 

Again, I thank Messrs. Hewitt and Lefkowitz for sharing with us the results 
of a no doubt time-consuming and expensive study. This paper should foster 
more “intelligent competition” in rates. 
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RISK IN A COMPLEX SOCIETY 

ROBERT CLEMENTS 

For you to understand what an intimidating assignment it is for me to 
stand here this morning in front of you - members of the highest profes- 
sional organization within our fine industry - I must confess my woeful 
lack of formal professional insurance education. It consists of a single night 
school course at the College of Insurance in 1958. The subject was Large 
Commercial Risk Underwriting; what I remember best about the entire 
experience is having to write a paper which was to determine the course 
grade. In the daytime, I was a casualty underwriter, and in those years my 
company tried to make a five percent profit on liability insurance by keeping 
losses to forty-seven percent of premiums and expenses to forty-eight 
percent of premiums. These ratios were supplied to us by the National 
Bureau of Casualty Underwriters and the point of my paper, entitled 
“Underwriting the Expense Dollar,” was to question the logic of training 
underwriters to spend one hundred percent of their effort forecasting losses, 
which are unknowable in any event, and zero time assessing expenses on an 
individual risk basis, even though expenses accounted for the larger dollar 
outlay and were not only knowable but controllable. Obviously, I earned a 
grade of “D” for the course, along with the comment that the paper con- 
stituted impertinent criticism while failing to demonstrate any assimilation 
of what had been taught. 

As a result of that unhappy experience, I took up a career in Broker- 
age - a calling where academic ignorance and impertinence are not neces- 
sarily liabilities. 

From the time I dropped out of insurance school twenty-two years 
ago, the expense ratio has been declining steadily, in part as the result of 
greater productivity within the industry, and in part because loss costs have 
inflated faster than expenses. Whatever the reason for this decline, it 
seems to me - since loss forecasting is clearly more difficult than expense 
forecasting - that there is a greater element of uncertainty associated with 
ratemaking, or pricing, now than ever before. In a sense, uncertainty is a 
lot of what I want to talk about this morning. Uncertainty and false percep- 
tion, which seems to be the handmaiden of uncertainty. However, at this 
point, having admitted to a lack of academic preparation for an insurance 
career, I must also confess to rather narrow practical experience. 
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In my firm we are essentially involved in commercial insurance rather 
than personal insurance. In fact, seventy-five percent of our business is 
derived from clients who practice risk management in the sense that they 
are corporations or institutions with sufficient financial resources that they 
can and do employ not only insurance, but alternative devices (such as 
self-insurance and captives) for the administration of risk. Most of our 
other business comes from commercial accounts for whom insurance is the 
basic risk management solution. When I speak of insurance, therefore, I am 
basically talking about the complex business of commercial insurance. It is 
a significant distinction: personal insurance and commercial insurance are 
really two different businesses from the standpoint of consumer require- 
ments, marketplace characteristics, and other factors. Unfortunately, it is a 
distinction drawn too infrequently by regulators and even by many in the 
business itself. 

There are forces which now seem to be at work changing the basic 
structure of our business. We sense that these changes are taking place, but 
we are uncertain as to their precise nature and, therefore, as to the nature 
of the ultimate structure. This uncertainty is vexing and poses a number of 
questions to challenge us as we plan for the future. Thus, in addition to 
asking whether the rates are adequate to cover the losses, we ask: 

-What is the future course of regulation in the United States? 

-What facilities and resources are required for an insurer to 
compete in a commercial insurance market where many of 
the insureds now own insurance companies and where brokers, 
reinsurers, and independent adjustors all compete to sell ser- 
vices traditionally considered to be the inalienable responsi- 
bility of the underwriter? 

- What resources must the broker possess to survive in the same 
complex environment? 

- How do we respond to the twin challenges of advancing tech- 
nology and unprecedented inflation? 

FALSE PERCEPTIONS AND THE CONSEQUENCES THEREOF 

It seems to me that the uncertainty and tension which today are per- 
vasive in our little world of insurance are the result of a perception of the 
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future as it may be; that is, they are the result of a perception based on 
analysis of the long-term consequences of the forces which seem to be 
working to change the basic structure of the business. In my personal 
opinion, some current generally held perceptions are false. I will list seven 
and then comment on each. 

1 - Regulation can solve all problems. 

2 - Investment income does not count in ratemaking. 

3 - The market share of the agency-brokerage underwriters is shrink- 
ing, and inevitably so. 

4 - Loss control and claim adjustment services are the natural prov- 
ince of insurers. 

5 -The national brokers are embarked on a long-term policy of 
vertical integration. 

6 - Size should be equated with efficiency in the delivery of services. 

7 - The brokerage, or risk-service, element of the industry is inher- 
ently more profitable and more attractive than the underwriting, 
or risk-assumption, element of the industry. 

COMMENTARY 

Regulation 

The perception that regulation can solve all problems is undoubtedly 
the most narrowly held of all the ones on my list. It seems to exist primarily 
in the minds of regulators and a few legislators. Their premise seems to be 
that perfection of rate, form, and service is not only desirable but possible; 
the absence of such perfection in daily life is therefore not a sign of human 
fallibility but rather a sign of willful intent. The next logical step is to design 
perfection by law and regulation. This leads to well-meant but misdirected 
efforts such as the ones now going on in several states to restrict access to 
surplus lines markets and to bring surplus lines underwriters more directly 
under the purview of regulation. 

The failure .of regulators in most states to recognize that the needs of 
underwriters and consumers of commercial insurance are vastly different 
than the needs of underwriters and consumers of personal insurance con- 
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tributes to uncertainty and presents a major stumbling block to the building 
of the kind of marketplace we’re going to need in the 1980s. I might add 
that in a study commissioned last year by Marsh & McLennan, risk man- 
agers of American business, who the government says need more protection 
through regulation, voted overwhelmingly for less regulation. 

Investment Income 

Setting investment income aside so that it is not considered a factor in 
determining underwriting results causes three problems. First, it increases 
the likelihood of bad underwriting decisions. Failure to recognize invest- 
ment income leads to the inefficient use of risk capital by influencing under- 
writers to decline business with significant profit potential while aggressively 
seeking lines with a relatively marginal profit opportunity. For example, the 
return on investment to an insurer writing automobile physical damage at a 
combined loss and expense ratio of 97.5 % is clearly far less than the return 
on medical malpractice with a combined ratio of 102%. 

Second, it forces insureds, who have no illusions about the time value 
of money, to seek alternatives to conventional risk transfer in circumstances 
where insurance would otherwise be their preference. 

Finally, it creates a source of tension with consumers, regulators, and 
legislators. I am familiar with, and generally sympathetic to, all of the 
arguments against the inclusion of investment income in ratemaking. The 
fact is that the present state of the art in underwriting, particularly in so- 
called long-tail business, does not permit its inclusion on any rational 
basis. 

Appropriate recognition of investment income seems to me to be 
perhaps the great challenge of the immediate future to your professional 
society. As a representative of the insurance consumer, I am quite prepared 
to endorse a ratemaking scheme which permits an exceptional return on 
investment to the risk-taker who binds himself to coverage years in advance 
of the potential loss payout, with no certainty about the effect of inflation 
on the ultimate loss cost or the value of the investment return during the 
premium holding period. If you can find a way to advance your technology 
to the point where this kind of return-on-investment ratemaking is feasible, 
you will have done a great deal to reduce the friction which complicates our 
relationship with regulators and consumers. 
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Direct Writers and the Imminent Demise of the Distribution System 

One leading agency insurance company executive has referred fre- 
quently in public statements to what he calls “The Direct Writer Revolu- 
tion.” The idea seems to be that the ultimate distribution system has no 
intermediaries. Another leading executive talks about the future in terms 
of the one-stop shop where all of the consumer’s insurance needs are solved 
in a single direct transaction. I think the two ideas go together, but only 
together. That is to say, the perfect distribution system is one which dis- 
penses with intermediaries only if the vendor is in a position to answer all 
the needs of his customers. It’s a wonderful concept, but I can think of a 
better one. If we could have a future without losses, then we could dispense 
with the entire system - even the one-stop shop would no longer be nec- 
cessary. Of course, we are going to have losses; losses in the future will be 
larger than those we’ve experienced historically. From where will the added 
capacity come? One solution might be to form a State Insurance Company, 
a true one-stop shop, which would take all the risks. That approach doesn’t 
seem to work very well in practice, however. One reason is that the risks 
tend to be interstate and even international. More importantly, it fore- 
closes the chance for the world to benefit from the influence of an entrepre- 
neur with a better idea. 

The alternative is to have many insurers competing freely with one 
another and, by innovation and specialization, seeking to out-perform all 
competitors. It is inconceivable to me that any of these insurers would 
determine the most efficient use of risk capital to be accepting all of the 
risks of the insurance consumer. Total account underwriting therefore tends 
to break down because it is vulnerable to the sharpshooting of specialty 
underwriters and is dependent on hired capacity, frequently in the form of 
facultative reinsurance, which lacks essential commitment. 

My view of the future is that it holds very few one-stop shops, but an 
increasing number of complex business and personal risks. In such an en- 
vironment, the intermediary is likely to continue to be of value to his client, 
the consumer. 

Most of the discussion and prognostication relevant to the insurance 
distribution system lumps so-called direct writers on one side and so-called 
agency companies on the other. The agency companies are presumed to deal 
with both agents and brokers. In fact, however, there are not only agency 
companies which deal with agents and brokers, but also agency companies 



RISK IN A COMPLEX SOCIETY 33 

which deal exclusively with agents and other companies which deal ex- 
clusively with brokers. Of these three styles, the brokerage companies are 
the fastest growing, followed by the agency companies. The group which 
deals with brokers and agents through a single organizational setup is not 
only the slowest growing, but the least profitable. Some groups now seek 
the best of both worlds by operating both a brokerage division and an 
agency division. 

Insurance Company Role 

We now seem to have emerged from an environment which was pretty 
simple and clear-cut. It consisted of risks, risk-takers and middlemen. Now, 
due to a variety of factors, our world is much more complicated. Among the 
influences contributing to this complexity we might include inflation, social 
change, ineffective regulation and new technology, and, perhaps most of 
all, the development of risk management as a legitimate corporate manage- 
ment function. Many commercial insurance consumers now own insurance 
companies and thus are suppliers as well as consumers of the product. Many 
insurers, apparently disillusioned with risk-taking, seek to sell services while 
pursuing the policy of assuming as little underwriting risk as possible. All 
kinds of services, from reinsurance to salvage, and of course including loss 
control and claims adjustment, are now available from independent con- 
tractor specialists, who at one time made their facilities available exclu- 
sively to insurance companies. As they began in the mid-1980s to perceive 
the withdrawal of the big primary carriers, who had been their major clients, 
from the risk-taking function, these specialists came to the conclusion that 
if the real risk-taker is the insured - or, to put it more accurately, the self- 
insured - they had better make their facilities available directly to the in- 
sured. There is genuine disagreement and confusion in the matter of who is 
the logical purveyor of services to insureds, including especially self- 
insureds. I believe it would be safe to say that all brokers have traditionally 
felt that their part of the deal was to provide service to the insured, while 
the underwriter’s part was the taking of risk. Inherent with assumption of 
risk is the provision of investment, actuarial, claim and loss control ser- 
vices. Traditionally, these services were considered to be primarily for the 
benefit of the underwriter as risk-taker. The underwriter’s control of them 
was generally accepted, and quite properly so. In many instances today, 
however, the insured retains for his own account the principal primary risk. 
In such circumstances, loss control, claim adjustment, and even actuarial 
services are primarily for the benefit of the insured as principal risk-taker 
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and, therefore, properly may be considered to be his to control. Thus, when 
an insured, or his broker, or an independent contractor hired by either of 
them, seeks to set up these facilities for his own account, what we have is 
not evidence of a competitive plan to enter the underwriting business, but a 
simple response to the fact that being at risk requires a certain amount of 
attendant administration on the part of the self-insured. 

The Strategy of the National Brokers 

No doubt some of you are familiar with the following definition of the 
term “Broker” from Samuel Johnson’s 18th century dictionary. He wrote: 

Broker-a lowly fellow, one who lives 08 the efforts of others: A 
procurer. Brokers, who having no stock of their own, set up a trade 
with that of another man and commonly abuse both sides to make a 
little paltry gain. 

My own personal definition of the word is much shorter. To me a 
Broker, most of all, is a person who makes commercial transactions happen. 
In specific insurance terms, that means primarily the assembling and or- 
ganizing of risk-taking capacity in the most efficient, effective, and eco- 
nomic manner for the benefit of the Broker’s client. A subsidiary, but re- 
lated, brokerage function is the provision of risk management services to 
his client in specialized areas in which, for whatever reason, the client may 
choose not to perform these functions himself. Whether you use Samuel 
Johnson’s definition or mine, risk assumption does not fit the model, and I 
seriously doubt that keeping the client’s risks for his own account is part 
of the short- or long-run strategy of any thoughtful broker. 

Size and Eficiency 

I mentioned earlier what seems to be a prevailing tendency to cor- 
relate size with efficiency. The clearest manifestation of this is the presump- 
tion by certain carriers that economies will be introduced by the transfer of 
certain functions - notably clerical and administrative ones - from agents 
and brokers to themselves. According to figures from A. M. Best, the stock 
company expense ratio has declined steadily over twenty years from more 
than 36% in 1958 to 27.6% in 1978 - apparent evidence that the insur- 
ance product is being delivered to the consumer with ever-increasing effi- 
ciency. The fact of the improving expense ratio is widely understood. Of 
great importance, but less generally acknowledged, is the fact that the vast 
majority of this improvement has been accomplished by a reduction in the 
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expenses of intermediaries. The insurer portion of the expense ratio was 
15.9% in 1958 and declined only to 13.9% in 1978. During the same 
period, the portion attributed to brokers and agents dropped from 20.3% 
to 13.7% . It will no doubt come to many as a surprise that three-fourths of 
the increase in efficiency and productivity in the general insurance industry 
in the last two decades has been accomplished by intermediaries, while only 
one-quarter is reflected in insurer expenses. The real point, however, is 
that the price ought to reflect a process devoid of redundancies. 

Brokers Have the Best End of the Business 

In spite of the fact that average commission rates have fallen by more 
than one-third in barely twenty years, the general view of the insurance in- 
dustry - both from within and without -is that brokers have the better 
part of the business; that, insulated from inflation and immune to the cycle 
of underwriting results, they are assured of predictable, steady growth. The 
other side of this coin is the proposition that the peril of inflation, and the 
fact of the cycle, are certain evidence that underwriting is probably inher- 
ently not a very good business and, in any event, is definitely not a good 
business to invest in due to overregulation, mismanagement on the part of 
some, excessive competition, and a variety of other factors. That this is the 
external view of the industry is obvious from the share valuation put on it by 
investors: the tendency today is for the share price of insurers to run at 
four to five times earnings, while the price for brokers more frequently tends 
to be in the neighborhood of eight to ten times earnings. The best pieces of 
evidence that the same view holds internally are the rapid expansion of 
insurers into the risk management service field, a new willingness on the 
part of many to unbundle the services of their claim and loss control de- 
partments, and a recently developed preference for large deductibles and 
cost-plus rating plans on the part of many underwriters who, at one time, 
argued that the introduction of even small deductibles posed a mortal 
threat to the integrity of the ratemaking process. 

This theory that my part of the business is better than yours is the final 
perception that I want to challenge this morning, not because I have any 
lack of pride or confidence in the future of my business, but because I feel 
the idea that it is better than yours produces harmful tension and friction. 

There is no reason why this should be, but the earnings multiple of a 
company’s stock seems to have a big influence on whether the management 
of the enterprise views its business with pride or paranoia, depending on 
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whether the multiple is high or low. Now there is a great danger of over- 
simplication in any analogy, so I want to be very careful about not going 
too far in comparing the business of securities analysis to the practice of 
astrology. Nevertheless, it does seem to be the case that in both callings the 
basic process is to look skyward in an effort to determine the significance of 
certain known earth-bound events on the future. 

By this science, my business is determinued to be predictable and 
reliable; yours is determined to be cyclical and uncertain; both determina- 
tions are made in accordance with the number of days required for the 
earth to make a full trip around the sun. I think we might call this the 
planetary theory of security analysis. From my point of view as a broker, if 
the analyst is going to look towards heaven in order to assess my perfor- 
mance it is well for him to concentrate on the movement of the earth around 
the sun. A different planetary technique might focus on Mercury, which 
takes eighty-eight days to go around the sun. With that kind of a measure- 
ment period, my business looks very cyclical indeed; it regularly consists of 
one better-than-average ninety-day period, followed by two average periods, 
followed, finally, by one period which is much below average. Unfortunately 
for the insurance underwriter, it takes Mars less than two years to make one 
circle; it takes Jupiter twelve; there is nothing in between. What you need is 
to discover a planet which revolves in about three years, and promote a 
theory of analysis based on it. 

In my company, we did a study which compared our results with those 
of the general insurance portion of fifteen of the largest underwriting groups 
over the last twenty years. We were just slightly ahead of the middle of the 
pack in terms of compound revenue growth, but next to last in compound 
earnings growth. When underwriting results were examined using a measure- 
ment period of thirty-six months, the cyclical impact of annual measure- 
ments was entirely smoothed, and earnings followed a steady and steep 
upward path. Looked at in such a manner, the business of insurance 
underwriting can be seen for the great growth industry that it is. 

When I was starting out in the brokerage business, I used to be gen- 
uinely concerned about its future prospects. Our clients then, as now, were 
essentially businesses; also, then as now, they were mostly successful and 
growing. It seemed quite possible, at the time, that as these businesses con- 
tinued to accumulate greater financial resources they might become less and 
less dependent on insurance for financial stability. 
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I remember toying with the hypothesis that a reasonable maximum 
premium expenditure for any risk might be about $1 million: that any fore- 
seeable risk which could not be transferred for that amount or less could 
best be funded internally. In fact, last year we placed one risk with a $20 
million deductible, yet a $30 million premium! I was not smart enough to 
divine the two factors which have been at work to make this a growth 
business and which are likely to continue to make it so in the future. First 
of all, contrary to the assumption of many, the technological advances 
which lead to corporate growth tend to increase the risk of loss and, accord- 
ingly, the need for insurance. For example, the growth of air transport does 
not breed larger fleets of small aircraft, but rather leads to the concentra- 
tion of investment, and therefore risk, in larger and more expensive air- 
planes. The growth of demand for energy leads not to more wildcat wells 
and steam boilers, but to off-shore drilling platforms and nuclear power 
plants. In general, safety is a by-product of improved technology, but so is 
the increased concentration of capital investment. The result, in terms of 
property risks, is the happy (for underwriters) combination of increased 
demand for the insurance product accompanied by lower unit cost. 

The other growth factor is sometimes referred to as social inflation or 
entitlement. Whatever we may choose to call it, there seems to be no doubt 
that, as the benefits of technological advances provide a society with in- 
creased material well-being, the citizenry of that society comes more and 
more to the expectation that reparations for its injured members can and 
ought to be payable. Risk of loss is consequently increased through adjudi- 
cation and by legislation. This trend seems to have been more difficult than 
the first effect to foresee and quantify actuarially. In fact, the technology 
of casualty - especially general liability - underwriting lags dangerously 
behind the requirements of the marketplace. The technology of property 
underwriting is highly developed, to the point where the marketplace is 
well-served with broad forms, comparatively stable rates, and reasonably 
efficient loss adjustment procedures. In the liability field, the underwriter is 
handicapped by our inability to develop a generally acceptable definition 
of the occurrence which is supposed to trigger the coverage, and by almost 
total reliance on the extrapolation of past losses in ratemaking. Fortunately, 
there is some recent and welcome evidence that underwriters are beginning 
to have increased confidence in the tools of the trade manufactured for 
them by actuaries. 
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To sum up, though the future abounds with uncertainties, there is much 
about which to be optimistic. Insurance has been, is, and will very likely 
continue to be a growth industry and a profitable one. For many years, the 
amount of the gross national product expended for the protection and se- 
curity of the underwriter’s product has been steadily increasing. Given the 
likelihood of increased human expectation and continued technological ad- 
vances, it is probable that this trend of growth above and beyond the aver- 
age growth rate of industry will continue into the foreseeable future. 

The principal uncertainty is our, or, more appropriately, your ability 
to measure the risks in a manner which will give the underwriter the con- 
fidence to take the risks and the consumer the willingness to pay the under- 
writer to do so - all in a manner seen by regulators to be fair to both sides. 
Thus, it seems particularly fitting, and a cause for much optimism, that you 
have chosen pricing as the theme of this conference. It has been my privilege 
to be here this morning. I thank you and wish you the most productive of 
sessions in the meetings to come. 
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MINUTES OF THE 1980 SPRING MEETING 

May 11-14, 1980 

CARIBE HILTON, SAN JUAN, PUERTO RICO 

Sunday, May II,1980 

The regular quarterly meeting of the Board of Directors was held 
from 1: 00 p.m. to 5:00 p.m. 

Registration took place from 4:00 p.m. to 7: 30 p.m. 

The President’s reception for new Fellows and their spouses was held 
from 6:00 p.m. to 6:45 p.m. 

A reception for members and guests was held from 6:30 p.m. to 
7 : 30 p.m. 

Monday, May 12,198O 

Registration was held from 7: 30 a.m. to 8: 30 a.m. 

The Spring meeting was called to order at 8: 30 a.m. President W. 
James MacGinnitie introduced the Honorable Roland0 Cruz, Commissioner 
of Insurance of the Commonwealth of Puerto Rico, who welcomed the 
Society to Puerto Rico and spoke briefly about the actuary’s contribution 
to the insurance industry in Puerto Rico. 

Following Commissioner Cruz’s remarks, President MacGinnitie asked 
the attendees to rise for a moment of reflection in remembrance of the 
Society’s deceased members. 

President MacGinnitie then read the names of the 38 new Associates, 
who rose to the acknowledgement of the assembly. As their names were 
called, each of the 13 new Fellows was asked to step forward to receive his 
or her diploma. 
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FELLOWS 

Doreen S. Faga 
Robert A. Giambo 
Francis J. Lattanzio 
Mary L. O’Neil 
Beatrice T. Rodgers 

Irene K. Bass 
Albert J. Beer 
Susan T. DiBattista 
Michael C. Dolan 

Regina M. Berens 
Nicholas M. Brown, Jr. 
George Burger 
Catherine J. Campbell 
David G. Clark 
Curtis G. Dean 
George T. Dodd 
John L. Doellman 
Richard D. Easton 
Grover M. Edie 
David Engles 
Bruce F. Friedberg 
Irwin H. Goldfarb 

ASSOCIATES 

Deborah A. Gorman 
Roger M. Hayne 
Bertram A. Horowitz 
Russell T. John 
Judy A. Johnson 
Bruce R. Jones 
Leon W. Koch 
Michael R. Larsen 
Yoong S. Lee 
Carl J. Leo 
Winsome Leong 
Orin M. Linden 
John S. Lombard0 

William J. Rowland 
Oakley E. Van Slyke 
Edward W. Weissner 
Timothy L. Wisecarver 

Gail P. McDaniel 
Dennis C. Mealy 
Glenn G. Meyers 
Emanuel Pinto 
Louis G. Seguin 
James Surrago 
Kevin B. Thompson 
Roger D. Walker 
Thomas A. Weidman 
William T. Weiland 
Patrick B. Woods 
Hank Youngerman 

President MacGinnitie then introduced Mr. Walter L. Grace, President- 
Elect of the American Academy of Actuaries, who spoke about the involve- 
ment of the CAS in the Academy and the Academy’s role of representing 
the actuarial profession to the public. 

Secretary David P. Flynn then read a brief description of a new paper 
by Mr. C. K. Khury, Vice President, Prudential Property & Casualty Insur- 
ance Company, entitled “Loss Reserves: Performance Standards.” 

Following a short break, President MacGinnitie called the meeting 
to order. 

Mr. Robert Clements, President of Marsh & McLennan, Inc., delivered 
the Keynote Address, entitled “Risk in a Complex Society.” 

After the Keynote Address, an informal discussion period was held. 
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The topic for the Call Paper program was “Pricing Property and 
Casualty Insurance Products.” A summary of the sixteen call papers pre- 
sented was given by Mr. Dale A. Nelson, Assistant Vice President and 
Actuary, State Farm Mutual Automobile Insurance Company. 

At 11:30 a.m. the meeting recessed for an informal buffet luncheon. 

The afternoon was dedicated to concurrent sessions for discussion of 
the Call Papers. The four session moderators were: 

Session A: James F. Brannigan 
Senior Vice President and Actuary 
H. F. Ahmanson & Company 

Session B: William Leslie, Jr. 
Consulting Actuary 
Tiighast, Nelson &Warren, Inc. 

Session C: Lee R. Steeneck 
Assistant Vice President 
General Reinsurance Corporation 

Session D: Richard G. Woll 
Actuary 
Hartford Insurance Group 

The call papers, their authors, and reviewers were as follows: 

“Relativity Pricing Through Analysis of Variance,” by Carl Chamber- 
lam, INA (presented by Michael Dolan, INA), reviewed by Daniel 
Goddard, Industrial Indemnity Company. 

“Expense Allocation in Insurance Ratemaking,” by Diana Childs, 
INA and Ross A. Currie, INA, reviewed by David Klein, Hartford 
Insurance Group (presented by Richard G. Woll, Hartford Insurance 
Group). 

“Impacts of State Regulation on the Marketing and and Pricing of 
Individual Health Insurance,” by Charles Habeck, Milliman & Rob- 
ertson, Inc., reviewed by Robert Schuler, Blue Cross of Western 
Pennsylvania. 

“Credibility and Solvency,” by Philip Heckman, CNA, reviewed by 
Janet Fagan, Home Insurance Company. 
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“Pricing for Corporate Objectives,” by Frank J. Karlinski, Prudential 
Property & Casualty Insurance Company, reviewed by Robert A. 
Anker, American States Insurance Company. 

“Ratemaking for the Personal Automobile Physical Damage Cover- 
ages,” by John J. Kollar, Insurance Services Office, reviewed by Galen 
R. Barnes, Nationwide Insurance Companies. 

“Uses of Closed Claim Data for Pricing,” by R. Michael Lamb, Insur- 
ance Division of the State of Oregon, reviewed by Richard S. Biondi, 
Insurance Services Office. 

“Rating Claims-Made Insurance Policies,” by Joseph 0. Marker, 
Westfield Companies, and F. James Mohl, St. Paul Fire & Marine 
Insurance Company, reviewed by Michael F. McManus, Chubb and 
Sons, Inc. 

“An Analysis of Retrospective Rating,” by Glenn G. Meyers, CNA, 
reviewed by James F. Golz, Wausau Insurance Companies. 

“Estimating Aggregate Loss Probability and Increased Limit Factor,” 
by Dr. Shaw Mong, Fred S. James & Company, reviewed by Robert 
S. Miccolis, Corroon & Black Corporation. 

“Pricing Excess-of-Loss Casualty Working Cover Reinsurance Trea- 
ties,” by Gary Patrik, Prudential Reinsurance Company, and Russell 
John, Prudential Reinsurance Company, reviewed by Jerry Miccolis, 
Tillinghast, Nelson & Warren, Inc. 

“Experience Rates as Estimators: A Simulation of Their Bias and 
Variance,” by James N. Stanard, Prudential Reinsurance Company, 
reviewed by John P. Robertson, Fireman’s Fund Insurance Company. 

“Actuarial Issues To Be Addressed in Pricing Insurance Coverages,” 
by E. James Stergiou, Woodward & Fondiller, Inc., reviewed by 
Sheldon Rosenberg, Insurance Services Office and Aaron Halpert, 
Insurance Services Office. 

“The Pricing of MediGap Contracts,” by Emil J. Strug, Blue Cross/ 
Blue Shield of Massachusetts, reviewed by Robert F. Bartik, Kemper 
Insurance Group. 
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“Is Econometric Modeling Obsolete?” by Oakley E. Van Slyke, 
Warren, McVeigh & Griffin, reviewed by Michael Fusco, Insurance 
Services Office. 

“Risk Classification Standards,” by Michael A. Walters, Insurance 
Services Office, reviewed by Robert A. Bailey, National Association 
of Insurance Commissioners. 

There was an informal discussion and coffee break in midafternoon, 
with the meeting adjourning for the day at 5 : 30 p.m. 

Tuesday, May 13,198O 

The meeting reconvened at 8 : 30 a.m. 

The morning meeting was a repeat of Monday afternoon’s concurrent 
sessions for presentation of call papers. 

An informal discussion and coffee break took place at midmorning. 

The regular session reconvened at 2: 30 p.m. with a workshop pro- 
gram. The workshop subjects and participants were: 

Workshop I- “New Paper and Reviews” 

Paper Presented: “Loss Reserves : Performance Standards” 
by C. K. Khury 
Vice President 
Prudential Property & Casualty 

Insurance Company 

Presented by: David P. Flynn 
Vice President and Actuary 
U.S. Insurance Group 

Reviewed by: James R. Berquist 
Consulting Actuary 
Milliman & Robertson, Inc. 
presented by Douglas Kline 

Neil A. Bethel 
Consulting Actuary 
Tillinghast, Nelson & Warren, Inc. 
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James A. Hall 
Director, Casualty Actuarial Consulting 
Coopers & Lybrand 

Workshop 2 - “Workers’ Compensation Reserving” 

Moderator: Richard W. Palczynski 
Associate Actuary 
The Travelers Insurance Companies 

Members: Ronald C. Retterath 
Vice President and Actuary 
Wausau Insurance Companies 

Joel S. Weiner 
Associate Actuary 
INA Corporation 

Workshop 3 - “Statement of Actuarial Opinion for Fire & Casualty 
Insurance Company Annual Statement” 

Moderators: Richard H. Snader 
Vice President - Corporate Actuary 
United States Fidelity & Guaranty Co. 

Donald E. Trudeau 
Manager 
Peat, Marwick, Mitchell & Company 

Committee meetings were held as scheduled. 

A reception was held from 6:30 p.m. to 7:30 p.m. 

Wednesday, May 14,198O 

President MacGinnitie reconvened the meeting at 8:30 a.m. and in- 
troduced William Haddon, Jr., M.D., President, Insurance Institute for 
Highway Safety, who presented a program entitled “Recent Loss Reduction 
Developments.” 

Following an informal discussion and coffee break, the meeting was 
reconvened at lo:15 a.m. for a Business Session. President MacGinnitie 
announced the awarding of the Michelbacher Prize for 1980 to Russell 
John and Gary Patrik for their paper, “Pricing Excess-of-Loss Casualty 
Working Cover Reinsurance Treaties.” 
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The next item on the program was a panel entitled “Excess Profits.” 

Moderator: Charles F. Cook 
Senior Vice President 
American International Underwriters 

Panelists: Galen R. Barnes 
Actuary: Property/Casualty Pricing 
Nationwide Insurance Companies 

Richard G. Woll 
Actuary 
Hartford Insurance Group 

C. Arthur Williams, Jr. 
Professor of Economics & Insurance 
University of Minnesota 

The closing remarks were made by President W. James MacGinnitie, 
after which the meeting was adjourned at 12: 00 noon. 

The meeting was attended by 159 Fellows, 133 Associates, 12 sub- 
scribers, 16 guests, 1 student, and 149 spouses. The list of attendees follows. 

Alexander, L. M. 
Angell, C. M. 
Anker, R. A. 
Arata, D. A. 
Asch, N. E. 
Bailey, R. A. 
Barnes, G. R. 
Bartik, R. F. 
Bass, I. K. 
Beer, A. J. 
Bell, L. L. 
Ben-Zvi, P. N. 
Bergen, R. D. 
Berquist, J. R. 
Bethel, N. A. 
Beverage, R. M. 
Bill, R. A. 

FELLOWS 
Biondi, R. S. 
Blivess, M. P. 
Bondy, M. 
Bornhuetter, R. L. 
Bovard, R. W. 
Brannigan, J. F. 
Carbaugh, A. B. 
Childs, D. M. 
Collins, D. J. 
Conger, R. F. 
Conners, J. B. 
Cook, C. F. 
Daino, R. A. 
Davis, G. E. 
DiBattista, S. T. 
Dolan, M. C. 
Donaldson, J. P. 

Eddy, J. H. 
Eland, D. D. 
Eyers, R. G. 
Faber, J. A. 
Faga, D. S. 
Fagan, J. L. 
Fein, R. I. 
Ferguson, R. E. 
Flynn, D. P. 
Fossa, E. F. 
Foster, R. B. 
Fowler, T. W. 
Fresch, G. W. 
FUSCO, M. 
Garand, C. P. 
Giambo, R. A. 
Gleeson, 0. M. 
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FELLOWS 
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It has become almost trite to observe that we live in an era of rapid change. 
Yet we need to recognize that change quite clearly, as it applies to our profes- 
sion, if we are to understand where it is we are, and where we should be going. 
It was exactly twenty years ago this month that I wrote my first actuarial 
examination. In the ensuing score of years, our Society has more than doubled, 
and it has become increasingly difficult to get around at the receptions. The 
basic industry we serve has grown at a compound rate of 10% during that 
period. The business has spread from pure casualty to multiple line, and, in 
recent years, increasingly to a combined life and casualty operation. Liability 
business has grown more rapidly than property, and the relative shares have 
shifted dramatically. At the same time that the proportion has shifted to the 
longer tailed business, the tail itself has grown. Perhaps it would be more 
accurate to say that our perception of the length of the tail has grown, since it 
is now clear that the tail that lay ahead of us back in 1960 was a great deal 
longer than we ever imagined, even in our wildest nightmares. In two data 
bases with which I am familiar, we are still getting upward developments on 
the 1960 accident year. If I had answered one of those 1960 examination 
questions in a manner that indicated that I believed that a tail exceeding 20 
years was appropriate, I suspect that I might have been given another opportunity 
to try again the following year. 
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In that 20 years, we have also experienced unprecedented rates of inflation, 
and, perhaps more importantly, the changes in the rate of inflation have become 
greater. A fairly persuasive argument can be made that we can handle a steady 
inflation rate, although that has never been tested at today’s inflation levels. 
Accompanying these higher inflation levels have been higher rates of interest. 
Unfortunately, the interest rates seem to lag, with the result that negative real 
rates of return have been all too common in recent years. 

Change in the computer area has also been extensive in the last twenty 
years. When I started, a great deal of information was handled on punch card 
equipment, and calculators produced ratios only slowly and noisily. Yet, today 
we can buy programmable calculators that, among other things, make our 
examination on compound interest obsolete. 

In addition to the growth of our Society, there has also been a major shift 
in the employment of our members. They have increasingly gone to work for 
smaller and independent (as opposed to bureau) companies. More of you now 
work in the reinsurance field, and in consulting. Brokers and accounting firms 
increasingly employ you. Our Canadian membership has grown sharply, and 
many of you have substantial experience in the foreign and multinational side 
of the industry. And the increasing levels of responsibility held by members of 
our Society are a real credit to us all. 

One area of significant change in recent years is education. Today’s college 
graduates are better educated, particularly in mathematics and sciences, than 
were the students of a decade before. One can only pray that some day the same 
will be true of their writing and communications skills. But in mathematics, 
statistics, and computers, we face a great danger that our education and exam- 
ination system will fail to keep up with the changes in the undergraduate 
curriculum, with the result that our profession will be less attractive to the most 
able students. 

As an example, we continue to examine the subject of life contingencies, 
utilizing a special algebra and notation that were developed decades ago, when 
storage was cheap and computation was expensive, when addition and subtrac- 
tion were significantly easier operations than multiplication, and division was 
to be avoided until there was nothing else that could be done. Yet, as any 
student will tell you, life contingencies problems are solved on the computer 
today in an entirely different manner; sometimes, however, the program has an 
additional routine that calculates the commutation function values so that the 
older actuaries will feel comfortable with the computer output. This is an area 
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where change is needed in our education and examination system if we are to 
continue to attract good students. There is, perhaps belatedly, a new textbook 
under development that addresses the problem. In the compound interest topic, 
however, technology has really overwhelmed us; you can now buy a calculator 
for less than $100 that does it all more accurately, without tables, at any rate 
and term you can express in decimal form, and you don’t have to move the 
bond to the coupon date first. 

On the later examinations, our record is better. We hope no semiconductor 
manufacturer will decide to take the business risk of developing a single chip 
that is capable of producing an entire workers’ compensation experience revision 
filing, but given the growing interest of corporate risk managers and financial 
officers, it might not be too farfetched to imagine an individual risk rating chip. 
Seriously, our later examination material is more challenging and current, due 
in part to the continued flow of new papers in the Proceedings. As in recent 
years, the discussion paper program has generated additional material that aids 
the education process. This past year we appointed a new Education Policy 
Committee, which will undertake the review of several of these questions. I am 
hopeful that they will be equal to the challenge, and that our education and 
examination system will attract the able students we need if we are to continue 
our growth and diversification. 

Another result of the changes in recent years is that we are becoming a 
single actuarial profession, albeit with casualty, life, and pension specialties. 
The cross training between the life and casualty branches of many of the larger 
companies and consulting firms is one evidence of this. The growth of the 
common core to four examinations is another, and it is resulting in a greater 
overlap in membership between the Casualty Actuarial Society and the Society 
of Actuaries. The much closer working relationships between the various ac- 
tuarial organizations on a variety of matters is also evidence of the growing 
oneness of the profession. It does, however, seem clear that a major reorgani- 
zation of the profession in North America will not be seriously pursued in the 
near future. There will, though, be an increasing reliance and interdependence 
among the various bodies. I view this positively, and believe that all branches 
of the profession will benefit from the increased cooperation. Our long range 
goal should continue to be a reorganization that preserves the many advantages 
that we enjoy with a separate Casualty Actuarial Society. While there is no need 
to hurry, I suspect that before another decade has passed, it will come about. 

The growing oneness of our profession is due in large part to the fact that 
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we are in the process of becoming a public profession. This process is occurring 
in all branches of the profession. In life insurance, an actuarial signature on the 
statement has been required for several years. In the near future, the life actuary 
will also be required to take a more public posture on the dividend policy of his 
company. In pensions, ERISA has required an actuarial signature, and further- 
more it specifies that the actuary shall act on behalf of the plan participants and 
beneficiaries. In the casualty area, we have a new annual statement instruction 
that requires the signature of a loss reserve specialist, and the only class of 
signators that is presumed to be qualified is actuaries. 

(The history of how that instruction came to be in its present form, rather 
than some of the undesirable earlier versions, is an excellent example of the 
cooperation among the several branches of the profession. Both the American 
Academy and the Society of Actuaries helped to insure that the decision makers 
in the various insurance departments were well informed. The Academy’s 
Committee on Relations with Accountants also assisted greatly.) 

A characteristic of all these signature requirements is that the ultimate client 
of the signing actuary is no longer his employer, but rather is now the public 
that relies upon his signature. It is no longer the life insurance company whose 
statement is being signed, nor the employer whose pension plan is being eval- 
uated, nor the casualty insurer. The actuary’s clients, instead, are those policy- 
holders and beneficiaries to whom the insurer or plan is obligated. 

An important distinguishing characteristic of any profession is that its mem- 
bers put the interests of their clients ahead of their own; otherwise, it is no 
profession, but rather a group of skilled businessmen or tradesmen. The actuarial 
profession has historically been preponderantly a private profession. We worked 
as employees of insurance companies and their service organizations, such as 
rating bureaus. The client relationship was clearly to the employer. But the 
signature examples cited above are transforming the client relationship, because 
they are creating a public client beyond the employer, whose interests must be 
put ahead of both our own and our employers’ interests. 

Not all of our client relationships are becoming public, of course. Many of 
them can be expected to remain private. To draw an example from another 
public profession, the independent auditor has a public client relationship when 
he signs the opinion letter in the stockholders’ report; but he still may offer 
other service and advice to his client on a private basis. So, too, will an actuary 
have a public client relationship when he signs the statement of opinion on loss 
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reserves. But many other activities, such as advice on a competitive pricing 
strategy, will continue to be based on a private client relationship. 

As we evolve from a private to a public profession, our loyalties and 
allegiance to the profession will grow relatively stronger. We will look to the 
profession to set the standards of conduct and to enforce them. Doing so is not 
an easy process, and we have had and are having our fair share of difficulties 
with it. I trust that in time we will succeed, if for no other reason than that the 
alternative of governmentally imposed standards is unacceptable to the majority 
of us. 

Another result of our shifting loyalties is that we increasingly look to the 
profession to represent our interests to the various other groups with whom we 
must deal. In prior years, most casualty actuaries looked to their company and 
its trade association to deal with the NAIC or a legislative body. Today we 
increasingly look to the CAS and the Academy to fulfill this role where our 
professional actuarial interests are at stake. Those bodies were instrumental in 
developing a satisfactory reserve opinion instruction for the annual statement. 
We also have the Academy testifying in Washington on age and sex discrimi- 
nation. Similarly, we look increasingly to the actuarial bodies to handle the 
relationships with accountants. 

An important part of becoming a public profession is the establishment and 
enforcement of standards of conduct. The rest of my remarks are devoted to a 
discussion of some of the issues in the professional conduct area. 

When I was teaching at the University of Michigan, we had a brown bag 
luncheon group of students that discussed questions of actuarial ethics. Our 
discussion material was the Guides and Opinions on Professional Conduct, and 
a series of case studies, usually less than a page in length, each containing an 
ethical question. In a typical situation, an actuary would find himself in a 
dilemma, where choosing the ethical solution might result in loss of his job. A 
lot of our luncheon discussion was spent clarifying the nature of the actuary’s 
duty in the situation, and to whom he owed the duty. While I found the 
discussions interesting and helpful, it was my observation that ethical questions 
in the real world seldom arise in neat little one page summaries. Also, I felt 
that the students attending the luncheon were those who needed the discussion 
least. 

I have also been privileged to participate in two panels on ethics at actuarial 
meetings. Both utilized short skits to create questions about the ethics of one of 
the characters. The audience’s reaction was then sought on the degree of 
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misconduct and fitting punishment: should the actuary involved be warned, 
admonished, reprimanded, suspended or expelled? Many of you were present 
at one of those sessions and may recall that the expressed standards of the 
audience were quite high. Furthermore, as the skits progressed the severity of 
the recommended punishment seemed to increase, to the place where it seemed 
that a sixth alternative might be needed, namely execution. 

Before we take too much comfort in that audience reaction, however, I think 
we may need to look a little more closely at the kinds of issues that receive 
attention in the professional conduct area. In doing that, it may be helpful to 
categorize the issues into two main groups: procedural and substantive. In the 
procedural group, we refer to questions that seek to determine whether the 
actuary went about his assignment in the correct manner. A significant portion 
of our professional conduct guides and opinions are devoted to such procedural 
issues. Was the advertising professional? Did the report contain enough infor- 
mation so that another actuary could appraise the conclusions? Were the appro- 
priate limitations and caveats expressed? These are important questions, and 
there are unfortunately too many times when the standards are not met. It is my 
impression that the majority of the questions and complaints reaching the dis- 
cipline committees of the several actuarial bodies are procedural questions. I 
believe that our standards in the procedural area are in reasonably good shape, 
although, as usual, there is room for improvement. 

We need to focus on the other category of professional conduct questions, 
the substantive questions. This is the area that asks not whether the actuary went 
about his assignment in the proper manner, but rather, did he complete it 
correctly? Was the actuarial content correct? In this area the questions become 
much more difficult. What we are really talking about is whether the work is 
actuarially sound. Here the Guides and Opinions of the American Academy 
give way to Recommendations and Interpretations. And, lo and behold, they 
even advise us, in the pension area, to eschew the phrase, “actuarial sound- 
ness.” 

The problem, of course, is in the elusive nature of the concept of actuarial 
soundness. How do you determine whether an actuary’s analysis or recommen- 
dation is sound? 

One potential course of action is to determine whether a correct method was 
used. This leads us to the development of standards of practice, which are 
expressed in Recommendations and Interpretations. In both the life and pension 
areas, considerable progress has been made; and with the advent of the casualty 
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loss reserve opinion, it is vital that we develop the necessary standards in 
casualty loss reserving. Our initial efforts will not be perfect, of course. 

Such standards would only provide safe harbor, and would not prohibit the 
use of alternative methods where they are warranted. Some prohibitions may be 
desirable, or at least a recommendation that an unsatisfactory method not be 
utilized except under carefully controlled circumstances. This is the negative 
approach, to be sure, but many of us have stronger beliefs about what is 
actuarially unsound than we do about what is sound. 

This brings me to a point that merits particular attention. The underwriters 
who complain about our “actuarially unsound” judgments often say that “it 
may be actuarially unsound, but you have to introduce some business judg- 
ment.” In my opinion, this assumes a false dichotomy between actuarial sound- 
ness and business judgment. The implication is often one of mutual exclusivity. 
Business judgment and actuarial soundness, in these discussions, become an- 
tithetical. More appropriate, I suggest, is the opposite. If it’s actuarially sound, 
then it should be good business judgment; and it clearly is poor business 
judgment to implement something that is actuarially unsound. This may require 
a somewhat broader concept of actuarial soundness than some of us have used 
in the past. Marginal pricing, for example, rather than fully allocated costs, 
need not be seen as actuarially unsound. Or pricing to protect long-term market 
share. The training and expertise of the actuary is ideally suited to making such 
evaluations, and to their necessary quantification. 

Part of what the underwriters are complaining about is our tendency to 
utilize the answer from our model (the black box) as the only actuarially sound 
estimate. As an illustration of the good job we’ve done selling the black box, 
I was recently involved in a hearing where a non-actuary was asked if he had 
fit a disputed trend line. No, he said, his assistant did. Was the assistant an 
actuary? No, again, but he used the actuary’s machine. And what is an actuary’s 
machine? You punch in the number, was the reply, and out comes the answer. 

We need to recognize that the answer from the black box is at best the 
expected value of some distribution function. We often need to develop some 
estimate of that distribution function. We also need to recognize that there is a 
great deal of judgment involved in selecting or designing the black box, and in 
selecting the data we punch in. All of which needs to be factored into our 
decisions about actuarial soundness and business judgment. 

We also need to work on the improvement of our models. All of us are able 
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to suggest improvements in our own areas of expertise. The flow of new papers, 
and the outstanding success of our discussion paper program are very healthy 
aspects of our Society. And it is from this literature that our Recommendations 
and Interpretations will be distilled. There are some difficult areas ahead, 
however. We are grappling with the appropriate methods of handling investment 
income, in both pricing and reserving, but our progress has been slow, and the 
environment, with its increasing investment returns, is creating additional pres- 
sure. The area of risk classification is another difficult area where we are making 
progress, but perhaps too slowly. 

The most disturbing development, however, may be found in a paper pre- 
sented at the International Actuarial meetings this summer in Switzerland. 
Authored by Professor Jewel1 of the University of California at Berkeley, a past 
participant at our own meetings, the paper surveys the state of the art in actuarial 
models (or black boxes) and suggests that we are on the threshold of a major 
period of rapid change, wherein many of our models will be discarded because 
they no longer are valid in our changing world. The models that replace the old 
ones, suggests Professor Jewell, will be sounder and will draw on recent 
developments in statistics and management science, and will more effectively 
utilize the new computer capabilities. Professor Jewell’s paper is most provoc- 
ative, and I commend it to your attention. His challenge to the profession is 
very basic, and I hope that we will be equal to it. 

All of these potential improvements in our models are vital. Many of them 
will help in our difficult task of developing standards of practice as they relate 
to assessments of actuarial soundness. It will not be easy, but it is necessary if 
we are to be successful as a public profession. 

I would like to close with a story about a conversation I had several months 
ago with Haeworth Robertson, who was formerly the Chief Actuary of the 
Social Security Administration. I was lamenting the actuarial profession’s lack 
of influence in the economic affairs of the nation. Considering the size of the 
asset pools of the casualty insurers, the life insurers and the pension plans for 
which actuaries serve as stewards, the influence seems small. Haeworth listened 
quietly, and then observed that my idea was reasonable, but that I had the 
wrong side of the balance sheet. Considering the liabilities which the actuaries 
are responsible for evaluating, the influence is clearly too small. As we become 
a more public profession, our influence will grow. Our challenge is to develop 
the standards of professional conduct that will enable us to soundly evaluate 
those liabilities. 
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ESTIMATING CASUALTY INSURANCE LOSS AMOUNT 
DISTRIBUTIONS 

GARY PATRIK 

I. INTRODUCTION 

It is often necessary to estimate probability distributions to describe the loss 
processes covered by insurance contracts. For example, in order that the pre- 
mium charged for a particular contract be correct according to any reasonable 
premium calculation principle, it must be based upon the underlying loss process 
for the contract. Practically, it is impossible to know the true underlying loss 
process, but a reasonably accurate estimate of this process can provide the basis 
for a reasonably accurate premium. One may discuss the loss process for an 
individual insured with a single coverage provided by a single contract, or for 
a group of insureds with multiple coverages provided by many contracts. 

This paper considers the estimation of individual loss amount (severity) 
distributions. The term “loss amount” is used to signify the total settlement 
value of a single loss event. The term “contract” will be used to define any 
particular situation: the context should make clear whether individual or group, 
single or multiple coverages and contracts are being discussed. 

I assume that for a particular contract at any point in time, there exists a 
probability distribution governing the loss amount for any loss event occurring 
at that time. There may be different distributions at different times, and they all 
may be interrelated and mutually dependent upon the number of events and their 
times of occurrence (Biihlmann (1970), p. 54ff). The distribution of loss 
amounts over a contract period is a function of the point-of-time distributions, 
the number of events and their timings. 

This paper concentrates upon probability model-building and statistical tech- 
niques for estimating and testing the model parameters. I describe a general 
procedure for selecting a “best” parameterized model based upon loss amount 
data. This solves only part of a broader problem, which is to estimate loss 
amount distributions for future coverage periods or (future) final-valued loss 
amount distributions for past coverage periods where the losses are not all 
settled or even known. To solve this broader problem it is necessary to specify 
models of the overall insurance loss processes, defining how the future relates 
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to the past and how the individual insured relates to the whole insurance 
portfolio. These models may be very simple or very complex, very loose or 
very mathematically precise, but we implicitly create them whenever we specify 
these future/past, individual/whole relationships. I will argue that a key com- 
ponent of the broader problem’s solution is the use of probability models for 
loss amount distributions. Although this paper ignores some of the broader 
issues such as trend, loss development, population structure (classification), 
etc., I believe that precise model-building and testing would also resolve many 
of the problems connected with these. 

This paper extends the work of Weissner (1978), who estimated report lag 
distributions from truncated data, to the estimation of loss amount distributions 
using censored and truncated data. The particular techniques were developed 
both for the estimation of commercial liability increased limits factors and for 
excess-of-loss reinsurance pricing. I would like to thank the following people 
for their contributions to this paper: Charles Hachemeister, Russell John, Mark 
Kleiman, Aaron Tenenbein, and Edward Weissner. 

II. MATHEMATICAL MODELS 

There are compelling reasons to use mathematical models to describe insur- 
ance loss amount distributions. In general, a model is a simplified, idealized 
interpretation of reality. A mathematical model describes the behavior of a real 
system by use of mathematical symbols, functions and equations. All science 
is a continuing process of model-building and model-testing (Kuhn (1970)). 
Wagner (1969) describes the purpose of a model as follows: 

Constructing a model helps you put the complexities and possible uncertainties 
attending a decision-making problem into a logical framework amenable to 
comprehensive analysis. Such a model clarifies the decision alternatives and their 
anticipated effects . . . In short, the model is a vehicle for arriving at a well- 
structured view of reality. (p. 10) 

But we must be careful: “The scientist who uses models in his reflections 
must always remain alert to the possibility that his questions are inspired only 
by properties of the model, having nothing directly to do with the subject matter 
itself” (Hanson (1971), p. 79). Because of this, some actuaries believe that we 
should not attempt to describe real loss amount distributions with mathematical 
models, but rather we should work with the raw data. This would be fine if all 
we wished to do was discuss sample realizations of historical loss amount 
distributions. However, as has been argued in the introduction, whenever we 
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want to extend or compare our various information, we must use some kind of 
model. Since this is the case in insurance work when we want to predict future 
possibilities, it seems clear that we should use mathematical models to describe 
loss amount distributions. 

However, we should not believe that we can build models which will 
completely describe reality.’ What we can hope for instead is to discover models 
which describe the salient features of a real system with some degree of accu- 
racy. Whenever we specify a model, we should test it to see if it adequately 
describes the real system it is meant to describe. 

I suggest that the type of model we should construct for a given loss amount 
distribution should be a probability model with only as many parameters as 
warranted by the data against which we will be testing it. Too few parameters 
and it is unlikely to adequately describe any given loss amount distribution; too 
many parameters and it becomes difficult to understand, difficult to work with 
and difficult to specify and test. Some of the advantages of such a “parsimon- 
ious” probability model are as follows: 

1. It can be easily understood. Its main characteristics can be clearly de- 
scribed and measured. 

2. It can be easily manipulated. For instance, loss development and infla- 
tionary trends might be accounted for simply by adjusting a few param- 
eters. 

3. It can be easily extended to more general cases or to analogous cases in 
a consistent manner. For example, some knowledge of the distribution 
of loss amounts up to certain policy limits might indicate something 
about the tail of the unbounded distribution. Also, we might expect that 
the loss amount distributions for similar lines of insurance would have 
the same general form. 

1 GCdel’s proof that any axiomatic system for the natural numbers must be incomplete (Giidel 
(1931), (1934) and Edwards (1967)) should lead us to suspect that if an abstract idealized mathe- 
matical system cannot be completely described, then any real system must be too complicated to 
be completely described by a model. 
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4. It can be easily restricted to particular cases in a consistent manner. For 
example, the distribution of Owners, Landlords and Tenants liability loss 
amounts for small grocery stores in Kansas might be a special case of the 
general countrywide distribution of Owners, Landlords and Tenants li- 
ability loss amounts. Also, the distribution of loss amounts for any 
particular policy limit might be a restriction of some general distribution 
of unlimited loss amounts. 

5. It can be tested using explicit statistical methods. For example, the fit of 
any probability model to any set of loss amount data can be tested via 
the Kohnogorov-Smirnov statistic or by other statistical tests. 

6. It can be used to compare or combine various contracts or sets of data. 
For example, for a given set of contracts, the probability models for 
various years can be explicitly compared in order to determine the effects 
of inflation. Or perhaps the relationship of the probability models for 
different contracts can be tested to see if it would be better to specify a 
single “credible” probability model for the group. 

Many possible forms of probability models for loss amount distributions 
have appeared in the literature. The Bibliography is a fairly comprehensive 
listing of relevant English-language papers and books; Johnson and Kotz (1970) 
is especially useful. 

The purpose of this paper is to describe a general procedure for selecting an 
adequate model for any particular loss amount distribution; I do not advocate 
any particular model. However, for illustration I will use the Pareto distribution 
of the second kind, also called the Lomax or Pearson Type VI distribution 
(Johnson and Kotz (1970), p. 233ff). Its cumulative distribution function 
(c.d.f.) for the random variable X is defined by: 

for all x 2 0 (2.1) 

where p > 0, 6 > 0 are parameters. 

This Pareto distribution is very easy to work with; a catalog of its main properties 
is given in Appendix A. The graph of its probability density function (p.d.f.) 
is shown in Figure 2.1. 
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PIGURE 2.1 
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In a slightly more complex form (to be discussed later), this model has been 
very useful both to myself and to the Insurance Services Office Increased Limits 
Subcommittee. It appears to more accurately account for large liability loss 
amounts than does the lognormal or other c.d.f.‘s we have tested. Other inves- 
tigators, such as Benckert and Stemberg (1957), Benktander and Segerdahl 
(1960), Mandelbrot (1964), Benckert and Jung (1974), Ramachandran (1974), 
and Shpilberg (1977) have found that this or the usual form of the Pareto 
describes fire loss data fairly well. 

We will next consider how to estimate parameters for any probability model. 

III. MAXIMUM LIKELIHOOD ESTIMATION 

Suppose that we have postulated a probability model, such as the Pareto 
distribution (2.1), to describe a given loss amount distribution. The next step 
in our procedure should be to estimate values for the parameters of the model. 

Suppose that we have a random sample of loss amounts and let us assume 
that they are properly adjusted to the level of the (future) distribution we are 
interested in. This is a strong assumption since, as already mentioned, we never 
see proper data because of the problems of individual loss reserve development, 
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IBNR, and time and population differences. However, let us start here; later we 
will discuss a simple way of handling the time (trend) problem. We can estimate 
the parameters first via the method of maximum likelihood. 

The situation is as follows: 

1. We are given a sample x1, x2, . . . , x,, which we believe to be distributed 
according to a c.d.f. of a certain form, F(x ) (3) = Prob [X 5 xl, where 
X designates the random variable and 8 = (13,) . . . , O,.} designates the 
indeterminate general parameter (actually, a set of individual component 
parameters) for the c.d.f. 

2. We want to find a paramter 8 such that the model with 8 as the value of 
0 “best” describes the data. 

The method of maximum likelihood chooses that parameter 8 which maxi- 
mizes the likelihood function: 

(3.1) 

wheref(xi 1 f3) is either the probability of xi given 8 or the p.d.f. evaluated 
at x given 0, depending upon whether or not the distribution function has a 
jump or is absolutely continuous at xi. 

Thus, 8 is “best” in the sense of being “most likely” given x1, x2, . . , xrl. 

For example, if F(x / 0) is our Pareto c.d.f. (2.1), then 8 = (0, S} and 

(3.2) 

Maximum likelihood estimation is a standard statistical method and much 
is known in general about the properties of maximum likelihood estimates 
(MLE’s). Kendall and Stuart (1967), Dudewicz (1976) and many other standard 
statistical texts discuss the general MLE properties, and many papers discuss 
particular examples. Appendix B outlines the general properties and describes 
how to calculate the estimates in the case of Y parameters. Essentially, we can 
expect that for large samples, MLE’s will be more accurate than any other 
estimates. Because of this it is surprising that the maximum likelihood method 
has not been used more often by actuaries. I believe the reason for this is that 
MLE’s are usually difficult to calculate-we must have detailed data and usually 
we must use some fancy iterative technique to approximate the MLE’s. How- 
ever, with modem computers the method is much easier; even mini-computers 
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can be programmed to approximate MLE’s very quickly for many of the 
standard probability models. 

The standard procedure is to set the first partial derivatives of the natural 
logarithm of (3.1) equal to zero. These first partials are of the form: 

(3.3) 

forj = 1, 2, . . . , r 

Setting these equal to zero gives us a system of r equations in the r unknowns 
8 1, * . ., (3, which we can solve by the Newton-Raphson iterative technique 
outlined in Appendix B. 

We will consider a few examples in this paper to illustrate that MLE’s can 
be much better than the standard method-of-moments estimates most often used 
in the actuarial literature. These are not presented as proofs; the proofs are in 
the statistical texts. These are simply illustrations. 

Let us begin with the simple case of our Pareto c.d.f. (2.1). Suppose the 
data are the set of loss amounts listed in Appendix C (column 1); these 200 
values are computer-generated pseudo-random Paretian values with parameters 
p = 25,000 and 8 = 1.5. These are realistic parameters for commercial liability 
losses. We can easily compare the MLE’s and the method-of-moments estimates 
to these values. To compute the MLE’s we must maximize the likelihood 
function (3.2). It is equivalent to maximize the loglikelihood: 

log L = log L(j?, 6) 

= n*log6+nS*logP-(6+ I)ilog(Xi+fl) (3.4) 
i=l 

If log L has second partial derivatives with respect to p and 6 existing 
throughout its range, then a necessary condition for a point (8, 8) to maximize 
log L is that the first partials evaluated at (p, 8) be equal to zero. The first 
partials are: 

y = fZS~* - (S + 1) * i$(Xi + p)-’ 

dlogL=n61+ 
as 

t2 . log p - 2 lOg(Xi + @) 
i=l 

(3.5) 

(3.6) 
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The second partials are: 

!!F-!!& = -&j w * P-” + (6 + 1) ’ j$l(& + P)-" 

* _ a2 log L n 

ati, ap ap . a* = W’ - jzl(x2 + P)-’ 

a2 = -&-2 
asz 

(3.8) 

(3.9) 

Since /3 > 0 and 6 > 0, the second partials exist throughout the range of 
log L. Thus, setting (3.5) = 0 and (3.6) = 0 defines a point (b, 8) which may 
maximize log L. We should check to be sure that (8, 8) indeed gives a maximum 
(see Appendix B). The equations can be solved by a simple iterative technique 
such as the Newton-Raphson technique (see Appendix B). 

For our Pareto example, the calculated MLE’s and the implied tail proba- 
bilities for amounts greater than 100,000 and l,OOO,OOO (calculated via (2.1)) 
are displayed in Table 3.1. 

TABLE 3.1 

PARETO 

P 6 Prob [X > lOO,OOO] Prob [X > l,OOO,OOOl - - 

Model 25,000 1 so0 ,089 ,004 
MLE 26,297 1 S86 .083 .003 
Method-of-Moments 56.042 2.371 .088 .OOl 

The corresponding method-of-moments estimates p’, 6’ are obtained by 
solving the two equations: 

p’ = sample mean = 40,880 
6’ - 1 (3.10) 

6’ . p2 

(8’ - 2). (6’ - 1)’ = sample variance = 10.683 X 10’ 

The method-of-moments implied probability that X > 100,000 is close to the 
true value, but the implied tail probability beyond 1 ,OOO,OOO is understated. 



LOSS AMOUNT DISTRIBUTIONS 65 

One property of the Pareto distribution is that any non-central moment E[Xk] 
for the unbounded c.d.f. exists only if k < 6 (see Appendix A). The method- 
of-moments estimates, by assuming the existence of the variance and thus of 
E[X], automatically forces 6’ > 2. Consequently, the method-of-moments es- 
timates based upon Pareto data with the true 6 < 2 will always produce an 
estimated c.d.f. with relatively fewer large losses than the true model. Let us 
note here that values of 6 less than 2 are typical for liability loss amount data. 

Next we will consider how to test a probability model with estimated 
parameters against the sample data, and we will discuss how we may select 
final models and parameter values. 

IV. MODEL TESTING AND PARAMETER SELECTION 

Now suppose that we have postulated a probability model to describe a 
particular loss amount distribution and from sample data we have calculated 
MLE’s of the parameters. The next step in our procedure should be to test the 
model and perhaps to modify the parameters for other considerations, such as 
credibility. 

We know that any model cannot be a perfect descriptor of reality, so we 
should only be looking for one that is good enough for the use to which it is to 
be put. I suggest that the following two tests are useful for determining whether 
or not a particular probability model with specified parameters adequately de- 
scribes a random sample from a particular loss amount distribution: 

Test 1: The Kolmogorov-Smirnov Test 

This is a standard statistical test that attempts to decide whether or not a 
given sample was generated according to a specified c.d.f. See Massey (1951), 
Kendall and Stuart ( 1967) or Conover (197 1) for good general discussions of 
the test. The test statistic is the maximum absolute difference between the 
specified c.d.f. and the sample c.d.f. That is, the test statistic D,, is defined by: 

where {xi} is the ordered sample x1 5 x2 5 . * . 5 x, 

S,,(xF) = + ; the value of the sample c.d.f. before the jump at xi 

(4.1) 

S,(,$) = f ; the value after the jump 
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Y 

F(xy ( 6) = lim F(x ( 0); the limit from the left of the values of the 
x’s;- 
specified c.d.f. 

F&X: ) 0) = lim F(x ) 13); the limit from the right. 
X+X,+ 
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For any pre-specified confidence level, one rejects the hypothesis that the 
sample was generated according to a specified c.d.f. if the test statistic is greater 
than some critical value. Appendix C displays the K-S test of our Pareto c.d.f. 
with MLE parameters (Table 3.1) against the sample Pareto data. The K-S test 
statistic is .032 (Appendix C). Thus, using K-S test critical values from one of 
the aforementioned texts, we would not reject the hypothesis that the sample 
was generated by the specified Pareto c.d.f., if we were testing at a 5% 
significance level.* 

* K-S test critical values should be smaller when the parameters are estimated from the sample. For 
example, see Lilliefors (1969) and Dropkin ( 1964). 
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The K-S test is more powerful than the chi-square test, since it takes into 
account the natural order of the data while the chi-square test ignores this order. 
See Massey (1951) and Conover (1971) for comparisons of the two tests. In 
fact, a problem with the K-S test is that in practice it seems to be too powerful 
for testing c.d.f.‘s of loss amount distributions. At a 5% significance level it 
rejects any probability model yet tried for liability loss amount data. We will 
see an example of this later. Of course, the data we have may not be truly 
representative of the underlying loss amount distributions because of the pre- 
viously mentioned problems (development, IBNR, etc.). I believe that we 
should continue to use the K-S test because its properties are well known, and 
the value of the K-S statistics can help us decide among different c.d.f.‘s. 
However, we should have another test, to use in conjunction with the K-S test, 
which will not reject every probability model. The following test gives much 
useful information to an actuary. 

Test 2: Expected Value Comparison (EVC) Test 

This is a test of the expected value functions of the specified c.d.f. and the 
sample c.d.f. Define the following functions: 

G(x ) 6) = IsX * dF(X 1 0) + x * (1 - @ 1 0)) (4.2) 
0 

G,(x) = ; { 2 xi + x - (number of xi > x) 
Eiz%r 

A suitable EVC test statistic might be the vector of values: 

where x1 5 xz 5 * * * I x,, is again the sample. 

This test statistic is simply the relative difference of the expected value 
functions G(x ) 0) and G,(x) at each sample point. It is similar to the K-S test 
vector (not just a maximum). I don’t know of any statistical work which 
investigates the properties of this statistic, but it is certainly a good statistic for 
actuaries who are interested in losses per layer. Appendix C (last column) 
displays the EVC statistic (as a percentage) for our Pareto c.d.f. with MLE 
parameters (Table 3.1) against the sample Pareto data. Note that for these 200 
data points, the EVC statistic changes sign ten times and the largest absolute 
value is .0194 (-1.94%). 
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A reasonable decision rule might be: choose the probability model which 
has a low K-S test statistic and also has an EVC statistic which is close to the 
O-vector and which has random-looking sign changes. We will see applications 
of this rule in the following sections. 

After deciding which c.d.f. best describes a given sample of loss amounts, 
we should have further decision criteria which use additional information and 
knowledge to judge the reasonableness of the particular model. We want to 
know, for instance, that the particular model does not contradict our general 
knowledge of what loss amount distributions should look like based upon 
analogous data. Of the six advantages of mathematical models listed in section 
II, three have to do with extending to, restricting to, or comparing analogous 
cases. If we had a good broader model for how loss amount probability models 
should differ for different but similar contracts, we could test any particular 
c.d.f. against the general criteria. This is a deep problem in the realm of 
credibility theory, and it is certainly beyond the scope of this paper. However, 
in practice, since we actuaries do not yet have a comprehensive credibility 
model, we all use “actuarial judgment” to specify other pieces of the broader 
model. 

Next we will consider some practical modeling and estimation problems and 
revise our basic probability model to handle them. 

V. MODELING AND ESTIMATION PROBLEM 1: 

POLICY LIMITS BOUND THE LOSS AMOUNT DATA 

For most lines of insurance, loss amounts are inherently bounded by policy 
limits. If the parameters of an unbounded c.d.f. are estimated from bounded 
data, then the c.d.f. with the estimated parameters may greatly understate the 
true tail of the loss amount distribution. This happens because the unbounded 
c.d.f. does not expect the tail of the loss amount distribution to be cut off by 
the policy limit. 

For example, suppose our Pareto data in Appendix C (column 1) is limited 
to 200,000; we will then have 7 data points limited to the value 200,000. If the 
parameters are estimated by the method-of-moments formulas (3. lo), we obtain 
the results displayed in Table 5.1. The “censored” MLE results will be derived 
later. 
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TABLE 5.1 

PARETO (DATA LIMITED TO 200,000) 

P 6 Prob [X > lOO,OOO] Prob [X > l,OOO,~l - - 

Model 25,000 1.500 .089 .004 
Method-of-Moments 96,773 3.984 .059 .ooOl 
“Censored” MLE 25,119 1.533 .085 ,003 

Since the lognormal model has been used so often for loss amount distri- 
butions, I thought that a lognormal example would also be instructive here. 
Appendix D lists 200 computer-generated pseudo-random lognormal values with 
parameters and tail probabilities given by /.L = 9.0 and (+ = 2.0, where the 
parameterization used is the usual one with: 

F’rob [X I x] = 4 (log “,- “) 

where #‘y) is the normal (0, 1) c.d.f. 

The standard method-of-moments estimates p’ , (T’ are obtained from the 
data limited to 200,000 by solving the two equations: 

exp[y’+$) = sample mean = 28,166 

(exp {@} - 1) . (mean)” = sample variance = 2.204 X log 

(5.2) 

Solving these we obtain the results displayed in Table 5.2 as “Method-of- 
Moments I.” 

TABLE 5.2 

LOGNORMAL (DATA LIMITED TO 200,000) 

El. (T Prob [X > lOO,OOO] Prob 1X > 1,000,0001 - - 

Model 9.000 2.ooo .104 .008 
Method-of-Moments I 9.581 1.153 .047 .OOOl 
Method-of-Moments II 8.950 1.897 .088 ,005 
‘ ‘Censored” MLE 8.980 1.973 .lOO .007 
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Alternative method-of-moments estimates p”, o-” can be obtained by con- 
sidering the natural logarithms of the data limited to 200,000 to be normally 
distributed and taking the usual method-of-moments estimates for the normal 
distribution, e.g., $’ = mean of the logs, etc. The results are displayed in Table 
5.2 as “Method-of-Moments II.” The “censored” MLE results will be derived 
later. 

The c.d.f.‘s with the method-of-moments estimated parameters underesti- 
mate the tail probabilities. These examples are important because this method 
has been used exactly as shown here so often in actuarial work. 

Thus, our probability model must account for the effect of policy limits. 
When policy limits have been recognized in the actuarial literature, there seems 
to be a standardized model for liability losses. See Benktander and Segerdahl 
(1960), Lange (1969), Miccolis (1977) among others. They postulate that for 
liability loss amounts, for each particular type of business and type of coverage, 
there exists a unique underlying probability law dictating the distribution of loss 
amounts in the absence of policy limits; call this implied c.d.f. F(x ) 0). The 
standard model hypothesizes that any policy limit c acts on the losses as a 
“censor” in the following sense: any loss which naturally would be greater than 
c is artificially limited to amount c. The bounded c.d.f. F(x 1 0; c) for policy 
limit c can be written: 

F(x 1 8; c) = (:” ’ @ ifx<c 
ifxrc (5.3) 

The probability functionf(x 1 8; c) is given by Ax 1 8; c) = f(x ) 0) for x < c, 
and there is a discrete probability point massf(c 1 0; c) = 1 - F(c- I f3) at the 
point c, where F(c- 1 0) = lim,,,- F(x 1 0). The graph of f(x 1 8; c) may be 
illustrated loosely by Figure 5.1. 

There is no standard model for property loss amount distributions. See 
Benckert and Stemberg (1957), Bickerstaff (1972), Benckert (1962), Benckert 
and Jung ( 1974), Shpilberg (1977) among others. Many investigators have 
studied the distribution of the individual loss amount ratioed to the policy face 
amount for particular groups of fire insurance contracts. They have proposed 
either an inherently bounded c.d.f. such as the Beta distribution or some kind 
of censored model similar to the standard liability model. 

We proceed with the censored model (5.3). 
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FIGURE 5.1 
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Suppose that x1, x2, . . . , x, is a sample of loss amounts which we believe 
to be distributed according to a censored c.d.f. of the form (5.3), where c is the 
policy limit. We may reorder the Xi’s so that the first n - m are less than c and 
the remaining m are equal to c, i.e., 

x1 I x2 5 . . * 5 x,,-, < c, x7,-,+* = - * * = x,, = c. 

In this case, the likelihood function for the censored c.d.f. (5.3) can be written: 

L( 8; c) = [ ‘zf(Xi 1 ej} * { 1 - F(c- I e)p 
i=l 

(5.4) 

We can continue from here to find MLE’s for the parameters by using the 
standard techniques discussed in Appendix B. Note that we will be solving a 
system of equations of the form: 

a log L 
~ = T~(x[ I e)-1 . (w) 

%j 

- m . (1 - F(c- 1 e)>-1 . (V) (5.5) 

forj = 1, 2, . . . , r 
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This is simply (3.3) with the addition of a censorship term. (Remember that II 
in (3.3) corresponds to n - m in (5.5).) Note that the resulting MLE’s are the 
parameters for the unbounded c.d.f. F(x / 6). 

We can illustrate this with our Pareto example. The Pareto censored c.d.f. 
is given by: 

1 - [P/(x + PP F(x~/~,&c)=[~ for 0 5 x < c 
for x 2 c (5.6) 

where /3 > 0, 6 > 0 

The loglikelihood function is then: 

log L = (n - m) * log 6 + nS * log j3 
n-m 

- mS . log (c + /3) - (6 + 1) + C log (xi + p) (5.7) 
i=l 

Note that this is simply (3.4) with the addition of the censorship term: 
mS . log /I - mS + log (c + p). (To see this, note that n in (3.4) becomes 
n - m in (5.7).) We can compute the first and second partials as before and use 
a Newton-Raphson iteration to approximate the MLE’s. For our Pareto data in 
Appendix C (column 1) censored to 200,000, we obtain MLE’s and estimated 
tail probabilities displayed in Table 5.1 as “censored” MLE. These are quite 
different from the method-of-moments estimates in Table 5.1 and are quite close 
to the true values. 

The MLE’s and estimated tail probabilities for our lognormal data in Ap- 
pendix D censored at 200,000 are displayed in Table 5.2 as “censored” MLE. 
Again, these are quite different from the method-of-moments estimates in Table 
5.2 and are quite close to the true values. Of course, we could compute correct 
method-of-moments estimates accounting for the policy limit censorship. But 
the equations that must be solved are much more complicated than the general 
equation (5.5). 

Insurance loss amount data are usually from a mixture of contracts with 
different policy limits. Since the standard liability model postulates a single 
underlying distribution F(x 1 13) for unbounded loss amounts for a particular type 
of business at a particular time, the data from all policy limits should be used 
simultaneously to estimate the model for this distribution. The maximum like- 
lihood method allows us to do this very easily. 
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Suppose that {xki} is a sample of loss amounts which we believe to be 
distributed according to the same unbounded c.d.f. except that for each k, the 
Xki’s are censored by policy limit c le. Again, we may reorder the Xki’s so that for 
each k, the first TZ~ -mk xki’s are strictly less than ck and the remaining mk are 
equal to ck. In this case, the general likelihood function for the total sample is 
simply the product of the likelihood functions for each policy limit: 

L(B; Cl, . . . ) 6) = kfilL(e; ck) (5.8) 

Since the general likelihood function is a product, the loglikelihood and all 
its partial derivatives will be sums of the individual censored components. 
Writing it all out results in equations terrifying to behold, but whose solution 
is really quite straightforward in practice. For example, (5.5) becomes: 

(5.9) 

forj = 1, 2, . . . , r 

There may be a problem with the MLE’s in this general censored case. 
Since the general likelihood function (5.8) is a product of likelihood functions 
with respect to different c.d.f.‘s (because of different censorship points), the 
properties discussed in Appendix B may not hold. The theoretical results on the 
properties of MLE’s have been derived for a likelihood function with respect to 
a single c.d.f. I have not seen any derivation of the properties of MLE’s for the 
general likelihood function (5.8). However, in practice thus far we have noticed 
no strange behavior of the resulting 6. 

We will see an example of data from mixed policy limits in section VIII 
when we consider the problem of having data from many dates of occurrence. 

VI. MODELING AND ESTIMATION PROBLEM 2: 
THERE ARE MORE SMALL LOSSES THAN CAN BE PREDICTED BY THE USUAL 

MODELS 

A problem encountered when we attempt to describe liability loss amount 
data by one of the usual c.d.f.‘s, such as the Pareto or lognormal, is that there 
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are more small loss amounts than the model predicts. Appendix E, Part 1, 
displays an IS0 Owners, Landlords and Tenants bodily injury liability loss 
amount data summary for policy limit $300,000 for policy year 1976 evaluated 
as of March 31, 1978. The number of losses below $8,000 is more than 
predicted by any model that I or the IS0 Increased Limits Subcommittee have 
tried. Forcing one of these probability models to fit the total distribution will 
cause the model to greatly understate the potential tail. 

To account for the many small “nuisance claims,” Hewitt and Lefkowitz 
(1979) worked with mixed c.d.f.‘s such as: 

where 0 5 p 5 1 

G(x 1 0,) is gamma with parameter 0, 
H(x / 0,) is loggamma or lognormal with parameter OH 

The rationale for this model is that there may be two distinct loss amount 
generating processes, where some losses are “regular” large losses and may be 
described by a c.d.f. H(x 1 0,), while others are “nuisance” small losses which 
may be described by a c.d.f. G(x ) 0,). 

For a sample xi, . . . , x,, generated according to this loss amount distri- 
bution, the loglikelihood function is: 

10gL=i~llog~~g(xi/8,)+(1-p)~h(x,/BH)} (6.2) 

where g and h are the relevant p.d.f.‘s. 

We can certainly calculate MLE’s for this model, although one can see that the 
equations will be complicated and that we will have many parameter components 
0,) 0, and p to consider simultaneously. 

A much simpler alternative model may be used if we are primarily interested 
in the large losses and thus want to concentrate upon estimating the tail of the 
loss amount distribution. This model assumes that the overall distribution splits 
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into two distinct pieces above and below some truncation point t. The overall 
c.d.f. F(x) can be written as follows: 

F(x 1 ect &, t, P) = (6.3) 

1 
(*) * G(x ’ eG) for x 5 t 

( 
1-P 

p + i - fqt I e,) > 
- cm I 0,) - wt I 68 for x > t 

whereO5pS 1 andtr0 
G(x 1 0,) = small loss amount c.d.f. 
H(x ( 0,) = large loss amount c.d.f. 

If g(x I 0,) and W I ed are the respective p.d.f.‘s, the graph of the overall 
p.d.f. f(x ( t&, e,, t, p) is shown in Figure 6.1. 

FIGURE 6.1 

GRAPH OFT =f(xl&, OH, t,p) 

Y 

0 

A y = (&f--$(xie,) 

t X 

The picture is intentionally drawn so that the graphs do not match up at t, 
i.e., f(x I e,, eH, t, p) is not necessarily continuous at t. Unless we are pricing 
small deductibles, we are primarily interested in H(x 1 OH) and need only gross 
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estimates of G(x 1 f3,). In this case, there is no need to try to force continuity 
at t. For commercial liability data, good values for t seem to lie between $2,000 
and $8,000. 

In practice, it is convenient to specify a value for t so that it is no longer an 
indeterminant parameter. Maximum likelihood estimation for this model then 
becomes very simple, because the parameters 0,) 0, and p may all be estimated 
separately. That is, the following lemma holds: 

Lemma: Assume that for the model (6.3), t is fixed and 0, and & are disjoint 
sets.3 Suppose that x1, . . . , x, is a sample generated according to the 
modelandxi~tfori=1,2 ,..,, mandq>tfori=m+l, 
m + 2, . . . , n. Then: 

1. @ = (m/n) is the MLE for p 
2. The MLE’s & and 8, are obtained independently from the subsamples 

{Xl, . . . 7 x,} and {x,+i , . . , x,,} respectively. 

The proof of this lemma is obvious once we write out the loglikelihood 
function: 

hmh, e,,p) = i: 10gf(xi I e,, 644 
i=l 

(6.4) 

= I? log [ (*) * dxi I e,,} i=l 

+ i log 
i=m+l I( 

1-p 
1 - wt I 0,) 

) . hh I e,)} 

= m . log p - m . log G(t I 0,) + 2 log g(xi I 0,) 
i=l 

+ (n - m) . log (1 - p) - (n - m) * log (1 - H(t I &>} 

+ ,=i+, 1% Wi I hd 

= m * log p + (n - m) * log (1 - p) 

+ 5 log g(xi I e,) - m . log G(t I 0,) 
i=l 

+ ,$+, log h(xi I 0,) - (n - m) . log (1 - Wt 1 &)> 

R Bc and 0, have no elements in common. 
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Since the loglikelihood splits into three parts dependent upon p, O,, and 0, 
respectively, then the first partial derivatives with respect to p, r3c, and 0, 
depend only upon those three parts respectively. 

This model and the lemma allow us to split the Owners, Landlords and 
Tenants bodily injury liability loss data at $8,000, for example, and to estimate 
the distribution of the large loss amounts by: 

1. estimating p from the relative number of large and small loss amounts; 

2. estimating 0, strictly from the large loss amounts. 

If H(x / &) is our Pareto c.d.f. censored at c = $300,000 (5.6), then (6.4) 
and (5.4) together say that 0, = {fi, S} may be estimated from the loglikelihood: 

n-m’ 

1% L = C log h(x 1 P, S> + m’ * log (1 - H(C I p, s)} 
i=m+l 

- (n - ml * log (1 - H(t ( p, 8)) (6.5) 

= i;g 1% ((xi +“p;)*+l + m’ > . log k+$) 

- (n - m> . log ((g-f-j)‘) 
= (n - m - m’) . log 6 + (n - m - m’) * log p 

n--m 
- (6 + 1) * j=;+l log 6% + p> 

+ m’6 * log p - m’6 * log (c + /3) - (n - m)S . log p 

+ (n - m)6 * log (t + p) 

n-m’ 
= (n - m - m’) * log 6 - (6 + 1) * i=z+l log (xi + /3) 

- m’8 * log (c + p) + (n - m)6 * log (t + /I) 

where n - m = total number of xi > t 
m’ = number of loss amounts equal to c 
t<Xi<cfOri=m+ l,m+2,. . . ,n-mm’ 
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The MLE’s of P, 6 and p for our Pareto c.d.f. fit to the 0. L. & T. data 
excess of $8,000 in Appendix E, Part 1, are displayed in Table 6.1 as 
“Pareto MLE I” where for the fitted Pareto, the tail probabilities are: 

P[X > x j 8, &@I = (1 - 6) . (3) fi from (6.3) 

TABLE 6.1 

PARETO FIT TO 0. L. & T. DATA 

P 6 P P[X > 100,000] P[X 2 300,0001 __ - 

Data NA NA .950 .0016 .0004 
Pareto MLE I 1,463 1.453 .950 .0016 .0003 
Pareto MLE II 347 0.877 NA .0069 .0027 

Appendix E, Part 2, displays the results of the K-S test and the EVC test. 
The Pareto model, of course, fails the K-S test. But the EVC statistic does 
not look bad: there are eight sign changes, the last component is - .0187 
(- 1.87%) and the absolute maximum 0.056 (-5.60%) occurs in the same 
interval ($9,000 - $lO,ooO) as the K-S maximum. The Pareto c.d.f. fits better 
at the upper end and the expected value functions coincide well. If we fit the 
Pareto model to the overall loss amount distribution, the results are worse. 
The results are displayed in Table 6.1 as “Pareto MLE II”; note how poorly 
this “untruncated” Pareto c.d.f. predicts the tail probabilities. Appendix E, 
Part 3, displays the K-S test and EVC test results for this “untruncated” 
Pareto. The results are opposite those which usually occur; in this particular 
case, both the tail probabilities and expected values are too high for the Pareto. 
The point here is that the “untruncated” results are misleading. 

A word about the data. Remember that these are a full policy year of 
incurred loss amounts evaluated at 27 months and grouped by intervals. They 
are immature (individual loss reserve development), incomplete (IBNR), from 
loss events occurring over a two year period, and are not listed by individual 
loss amount for the MLE procedure. Thus any remarks regarding the approxi- 
mation of the true underlying distribution are tentative. I decided to use unde- 
veloped and incomplete data for this example so as not to get involved in the 
question of how to develop and complete it. Unsatisfactory though the data are, 
I hope that the example is illustrative. 
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A word about using data summarized by interval, as the 0. L. & T. data. 
For c.d.f. F(x 1 @, the likelihood function for interval data is based upon the 
discrete distribution of probability per interval. If the intervals are (a,,, al], 
. . . ) (a,-,, a,] and a sample produces ni losses in the ith interval, the true 
likelihood function is: 

F(ai ) f3) - F(ai-1 1 0) 
L(B) = ifi ( F(a, 1 0) - F(a,, j 6) 

ni 
(6.6) 

Our MLE’s based upon the 0. L. & T. data, however, treated the data as 
if all the losses in each interval were concentrated at the average value for the 
interval. In Appendix E, Part 1, for example, the 58 losses in the interval 
10,000 - 11,000 were assumed each to have value 10,430 and the “individual 
data point” loglikelihood function (6.5) was used. Our testing has shown that 
treating interval data this way gives good results as long as the intervals are 
fairly narrow. 

This estimation technique for large loss data truncated below is also useful 
when dealing with excess-of-loss reinsurance coverage where the data are usu- 
ally excess of some underlying retention. To illustrate its accuracy in estimating 
the “total distribution,” we again turn to our Pareto data in Appendix C. 
Truncating below at 5,000 and censoring above again at 200,000, we calculate 
the MLE’s and tail probabilities displayed in Table 6.2. The analogous estimates 
from the lognormal data in Appendix D truncated below at 5,000 and censored 
above at 200,000 are displayed in Table 6.3. 

The lognormal estimates here are not as good as we have seen in previous 
cases. In both these examples, the corresponding method-of-moments estimates 
would be ridiculous if the lower truncation were not taken into account, and the 
formulas would be difficult if it were. 

TABLE 6.2 

PARETO (DATA TRUNCATED AT 5,000) 

P 6 P P[X > 100,000] P[X > 1,000,0001 ~ - - 

Model 25,000 1.500 .239 .089 .004 
MLE 23,354 1.492 .235 .085 ,004 



80 LOSS AMOUNT DISTRIBUTIONS 

TABLE 6.3 

LOGNORMAL(DATATRUNCATEDAT 5,000) 

P o- P P[X > 100,000] P[X > 1,000,000] ___ - 

Model 9.00 2.000 .405 .104 .008 
MLE 8.98 1.858 .370 .091 .005 

VII. MODELING AND ESTIMATION PROBLEM 3: 
THE UNDERLYING LOSS AMOUNT DISTRIBUTIONS ARE NOT SMOOTH 

Whenever we see detailed loss amount data, such as the Owners, Landlords 
and Tenants bodily injury liability loss interval data in Appendix E, Part 1, or 
individual loss amount data, we are immediately struck by the fact that the 
losses tend to cluster at certain round values such as $1,000, $10,000, $25,000, 
. . . , $100,000, etc. This clustering occurs even in mature loss amount data. 
Thus, it is apparent that any probability model which is to describe the data as 
exactly as possible cannot be a smooth c .d.f. such as the Pareto or lognormal. 

An alternative to a smooth model might be a mixed c.d.f. similar to the 
Hewitt/Lefkowitz model (6.1) with G(x 1 f3,) smooth and H(x 1 r3,) discrete. If 
a mixed model is to fit loss amount data significantly better than a completely 
smooth model can, then it may need many parameters, perhaps one for each 
discrete cluster point. The likelihood equations (6.2) would be very difficult to 
solve. And even then would such a model provide any better prediction, through 
simple parameter changes, of future loss amount distributions? I believe that 
our data are inadequate to support such a model. 

Even though our data seem to have cluster points, the last column of 
Appendix E, Part 2, shows that the Pareto c.d.f. describes the expected loss 
function fairly well. Remember that expected value is the most important 
component of most insurance premiums. The same exhibit shows how well the 
Pareto c.d.f. estimates the tail probabilities (see also Table 6.1); this is also an 
important aspect of insurance pricing. Since we apparently cannot specify a 
better model without great difficulty (remember the data problems), it looks as 
if we must be satisfied with smooth models for large loss amount distributions 
as long as the parameters are properly estimated. 
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VIII. MODELING AND ESTIMATION PROBLEM 4: 
THE DATA ARE FROM MANY OCCURRENCE DATES 

To have enough data to be able to study loss amount distributions, we must 
of necessity use data from many accident occurrence dates. Suppose that we 
want to study the loss amount distribution at one point-of-time and suppose that 
we have specified a broader model which tells us how to trend the data from 
different occurrence dates to the level of this single date. Let us also suppose 
that besides being subject to various policy limits, our data are also larger than 
some common lower truncation value r. This situation is common in reinsurance, 
where our data are often excess of some specified retention level. Also this 
situation arises if we use a probability model such as (6.3) to separate large and 
small losses and we use a common split point t for all our data. In this case, for 
each occurrence date we must trend the value t along with the loss amounts and 
the policy limits to our single occurrence date. Thus our trended data have a 
mixture of trended lower truncation points and trended policy limits (censorship 
points). The method of maximum likelihood allows us to painlessly calculate 
parameter estimates for the single point-of-time model simultaneously from all 
these data. 

Let us illustrate this situation with our Pareto c.d.f. Let the ,Q’S represent 
the trended loss amounts. Assume that they are ordered so that for each k, the 
xki’s are larger than the trended lower truncation point tk and are censored at the 
trended policy limit ck. Also assume that for each k, the first nk-mk &i’s lie 
strictly between tk and ck and the remaining mR are equal to ck. We assume that 
except for lower truncation and upper censorship, the &i’s are subject to the 
same underlying Pareto c.d.f. F(x ( p, S). Then using equations (5.8) and (6.5), 
with a suitable change in notation, the general likelihood function is: 

L(p, 8) = fl L(p, 6; tk, ck) (8.1) 
k=l 

where the component loglikelihood function for each k is: 

log L(p, 6; tk, cd = (nk - mk) ’ log 6 

- (6 + 1) . 1 log (Xki + p) 
i=l 

(8.2) 

- mks * log (ck + p) + nk6 . log (tk + fi) 
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As in (5.9)) the partial derivatives of the general loglikelihood will be the 
sum of the partials of the components in (8.2) for each truncation/censorship 
combination. The computer programming is straightforward. 

For example, let us use the Owners, Landlords and Tenants bodily injury 
liability loss amount data in Appendices E and F for policy years 1975 and 1976 
for policy limits of $300,000 and $500,000, and adjust by a trend factor of 
18.9% per annum to an occurrence date of July 1, 1980. Since the individual 
loss occurrence dates are unknown, we will simply assume the average occur- 
rence dates: for policy year 1975 this is January 1, 1976 and for policy year 
1976 it is January 1, 1977. It would, of course, be better to know the occurrence 
month of each loss amount. We will use original lower truncation points for 
each year of $8,000. 

The simultaneous estimates for /3, 6 for July 1, 1980 are p = 4,955 and 
6 = 1.473. The K-S test and EVC test results are displayed in Appendix G for 
the Pareto with parameters p, 6 and each set of trended data. Note that in this 
case, the assumption that the loss amounts from different policy limits have the 
same underlying distribution looks like it may be false. The reason for this 
tentative conclusion is that the fitted Pareto greatly understates the expected 
values for higher limits of the $500,000 policy limit trended data. This can be 
seen by studying the EVC test statistic in the last columns of Appendix G; the 
final value for trended policy year 1975 $500,000 policy limit data is -.298 
(Part 2) and the final value for trended policy year 1976 $500,000 policy limit 
data is -. 178 (Part 4). 

The IS0 Increased Limits Subcommittee has had mixed results when testing 
this assumption of a common loss amount distribution underlying different 
policy limits (except, of course, for the censorship at each limit). It is apparent 
that much more testing (and more careful model-building) needs to be done. 

IX. CONCLUSION 

This paper has presented a general procedure for selecting an adequate 
model for any particular loss amount distribution. The point of view is that we 
must use models whenever we want to extend or compare our various infor- 
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mation, and moreover, we should use mathematical models. The procedure for 
finding an adequate model is to: 

1. specify a particular probability model; 
2. estimate parameters via the method of maximum likelihood; 
3. test the model and select final parameters. 

We have also discussed how to account for policy limits ; censors, for too 
many small losses, for probability cluster points, and final :J for loss amount 
inflation trends. The estimation technique discussed has b s:n the method of 
maximum likelihood. 

The Bibliography lists, beyond the direct references, man English-language 
papers and books which study casualty loss amount distr ,utions or related 
problems. I trust that other American actuaries will find I tese references of 
interest. 
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APPENDIX A 

Pareto (Lomax, Pearson Type VI) Distribution 

F(x) = Prob [X 5 x] = 1 - 

where /3 > 0, 6 > 0 are parameters. 

s * p” 
f(x) = (x + p)M1 density 

ax1 = P 8 _ 1 exists if 6 > 1 

for x 2 0 

s * /3” 
var [Xl = (fj - 2) . (6 - I)2 exists if 6 > 2 

(Al) 

W) 

643) 

(A41 

E[X”] does not exist for k 2 6 (A3 

Rob [X - t 5 x 1 x > tl = 1 - p+t s 
x + (P + 0 > 

for x 2 0 W) 

Thus, a Pareto distribution excess of a lower truncation t is a Pareto distribution 
with new “beta parameter” /3 + t. 

IfY=tXforsomet>O,then C47) 

for y 2 0 

Thus, if t is a trend factor and Y is the inflated value of X, then Y also has a 
Pareto distribution with new “beta parameter” Pt. For any limit c, notate the 
integral of XL from 0 to c by: 

E[X”; c] = I c X”dF(X) 
0 

(A8) 
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Lemma: For any censor c, if k is a non-negative integer and k - 6 is not a non- 
negative integer, then the integral of Xk from 0 to c is given by: 

. (6 - k) 

- 6 (-3J[ y--* - (:> ye+kTk;’ + . . . 649) 

+ (-1)i 
0 

k p”(c + /3)“+ + . 
i 6--k+i 

Proof: (This lemma and proof are due to Mark Kleiman) 

I 

c 
E[X”; c] = Xk * 6 * p” - (x + p)-“‘dx 

0 

= I c w% + p>-“Y(x + p) - P}“dx 
0 

ZZ 
1’ s@-‘(x + p)-+-’ [(X + @k - (;) p(x + @)“-I + . . . 

+ (-1)i 
k 

0 
i p”(x + py-1 + . . . + (- l)“p”} dx 

= 8 pyx + py-S-1 - 0 ; ps’(x + p)“-f=’ + . . . 

+ (-1)i 
k 

0 
i ps’icx + p)“-“i-1 + . . . + (-l)“P”‘“(x + p,-*1> & 

= 6 -k%) * (’ + pjk-’ - (;)(A) (x + @k-s + . . . 
(x + @k-&i + . . . 

+ (-1)k (F) (x + B--6} /5 
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= 6 [(c + py-” - pk-“1 
- [(c + p)“-“1 _ @--l] + . . . 

+ (-1)i 

+ (-1)” (Y) NC + P>-” - PI} 

+(-l)< ; 6.:+i+... 
0 

+ (-l)“$ 

+ (-1)’ 
k p’(c + /3)“-’ 

0 i 6-k+i ‘** 
. + (-1)“s 

We now want to prove that the first expression in braces in the last equality is 
equal to: 

k! 
6(6 - 1) . . . (6 - k) 

if 6 - k is not a negative integer 

This is proved by judicious use of the binomial theorem and from the definitions 
of Gamma and Beta functions. 

k! 
6(S - 1) . . . (6 - k) 

= T(k + 1) . r(6 - k) 
r-(6 + 1) 

if 6 - k is not a negative integer 

= I o1 (1 - x)kx*s-‘dx 

= J-: {l - (;) x + . * * + (-1)i (;) xi + . . . + (-l)kxk) xsk-ldx 
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= [ {&k-l - (t) &k + . . . + (-l)i (f) $-k+i-1 + . . . 

+ (-l)i 
k 0 

&kti 

i 6--k+i+” 
6 1 

* + (-l)“? 
II 

0 

1 k 
0 

1 
=-- 1 6-k+l+“’ 

6-k 

+ (-l)$ ; 6 _ ; + i + * * * 
0 

+ (-1)” * f 

Note: If c < x, then any integral E[X”; c] exists (is finite). 
If k - 6 is a non-negative integer, then E[X”; c] may be approximated for 
small E > 0 via: 

E[Xk; c] L- {E[X”-; c] + E[XktE; cl}/2 

So, the lemma evaluation formula may be used. 

(AlO) 

Corollary: For any censor c: 

EiX; cl = 6 _ 1 ---@-{l - (&)%’ ($--$I ifS# 1 (All) 

APPENDIX B 

Maximum Likelihood Estimation and Newton-Raphson Iteration 

Given a sample x,, x2, . . . , x,, and general c.d.f. F(x 1 0) with parameter 
8 = (01, . . . ) 0,) in some set 0. The likelihood function is given by: 

(B 1) 

where & 1 0) is either the probability of xi given 8 or the p.d.f. evaluated 
at xi given 0, depending upon whether or not the distribution function has 
a jump or is absolutely continuous at xi. 
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The important properties of MLE’s are (Kendall and Stuart (1967), p. 38ff 
and Dudewicz (1976), p. 193ff): 

1. Under very general conditions, MLE’s are consistent. That is, the MLE 
8 converges in probability to f3,,, the true value of 8, as the sample size increases. 

2. Under very general conditions, MLE’s are consistent asymptotically nor- 
mally distributed and efficient. That is, 8 is asymptotically (as sample size 
n -+ x) normally distributed with mean 13~ and covariance matrix equal to the 
inverse of the Fisher information matrix: 

cov 8 = z(e,)-’ 

where 

(approximately) 032) 

I(&) = -E 
a2 log L(0) I 
aej . aei I e=e, >)I 033) 

The determinant of Cov 8 becomes minimal as n + ~0. 

For our Pareto example (2.1), for sample size n we have: 

034) 

so, 

cov <p, 8) =; 035) 

Finding a 8 which maximizes L(B) is equivalent to finding a 8 which 
maximizes 

log L = log L(8) = $ log flxi 1 f3) 036) 
i=l 

If log L has second partial derivatives with respect to the @‘s existing 
throughout its domain 8, then a necessary condition for a point 8 to maximize 
log L is that the first partials evaluated at 4 be equal to zero: 

a 1ogL lWj I 89=8 
= 0 forj = 1, 2, . . . , r 037) 
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If the matrix of second partials evaluated at 8 is negative definite, then 8 indeed 
maximizes log L. 

Assuming that the matrix of second partials will be negative definite, we 
must find 8 which satisfies the system of equations (B7). Newton-Raphson 
iteration allows us to find a sequence of vectors &“, ti2), . . . which may 
converge to a solution for any system of equations such as (B7). The only 
condition necessary is that the partials of the equations in (B7) with respect to 
each Oj must exist for each /P). See Conte and de Boor (1972). 

Expressions for the second partial derivatives of log L are somewhat un- 
wieldly . So we will simplify the notation of (B7) to a more general case: we 
assume that our problem is to find a point 8 = {I!&, . . . , I$.} which is a solution 
for the following system of r equations: 

*l(8) = 0 038) 
yr,(@ = 0 

And we assume that the partials of the “Pi’s with respect to the Oj’S exist 
throughout the domain 9. 

Start by selecting an initial value @I). Then, in general, ticm+” is obtained 
from P’ by solving the following system of r equations in r unknowns 
@n+1, @n+n. 

,*.., r * 

In the case that r = 1, we have the familiar solution: 

I The l-dimensional case may be illustrated by Figure Bl. 
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FIGURE Bl 

GRAPH OF y = 91(01) 

slope aYr (9 1’“‘) 

\ 

ael 

/ / 

The tangent through the point (O’T’, q( elm’)) intersects the B,-axis at the new 
& value, tilmtl). It should be clear that as long as ql(f3,) is well-behaved, if 
e(rm) is close to a zero 8, for ‘I”,(&), then til mtl) should be even closer, as in the 
figure. 

In the general case, the solution to (B4) is obtained via Cramer’s Rule as 
long as the matrix of second partials evaluated at tP) is nonsingular (Herstein 
(1964), p. 288). For example, the case r = 2 is easily illustrated: 

f)flmtu = &ml _ 
J( @“‘) 

(B1l) 

where J(@“‘) is the Jacobian evaluated at em): 

This technique gives an iteration @l’, g2’, . . . which may be stopped when 
successive values jtimtl) - fYcm)l are small enough according to some metric (81. 



LOSS AMOUNT DISTRIBUTIONS 

APPENDIX C 

Pareto 

200 Psuedo-Random Values 

p = 25,000 6 = 1.5 P 6 P[X 5 xl = 1 - - 
( > x+P 

Sample CDF 
XXI Pare,0 

8 9 03 
150 IS0 .02 
223 223 03 
279 219 -.03 
292 292 -.Ol 
656 638 20 
754 757 - .34 
755 757 - .34 
824 827 - 37 
885 889 - 38 

2.705 2.691 
2.709 2.700 
2.717 2.708 
2.783 2.773 
2.793 2.783 
2.99, 2.979 
3.049 3.037 
3.109 3.095 
3.244 3.229 
3.409 3.393 

3521 
3.534 
3.908 
4.163 
4.236 
4.322 
4.335 
4.437 
1.449 
4.453 

3.505 
3.517 
3.8’M 
4.148 
4.223 
4.310 
4.324 
4.427 
4.439 
4.443 

- 15 
- $2 

“7 
- 01 

“1 
“3 
OS 
“7 
29 
33 

33 
33 
33 
34 
35 
40 
41 

.43 
46 
4x 

4x 
.4x 
45 
34 

.I, 
27 
26 

.23 

.23 
23 

91 
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k 
- 

5.195 249 
5.331 .x4 
5.662 .x6 
5.666 266 
5.966 277 
6.044 280 
6.274 288 
6.418 243 
6.675 301 
7.048 114 

7.“M 314 
7.117 316 
7.287 322 
7.343 ,323 
7.152 324 
7.366 324 
7.613 112 
8.184 349 
8.247 351 
X.26, 352 

X.265 
8.274 
8.920 

8.96” 
9.015 
9.045 
9.205 
9.32, 

10.128 

iO.494 
10.535 
10.580 
10.652 
I I.295 
I I.584 
I I.967 
12.036 
12.826 
12.961 

14.699 
14.766 
15.(*7 
IS.305 
15.415 

LOSS AMOUNT DISTRIBUTIONS 

APPENDIX C 

Pareto 

200 Psuedo-Random Values 

405 013 8.015 8.019 - .05 
,410 w9 8.040 8.044 - .05 
415 “05 8.066 8.070 - .05 
,420 003 8.108 8.112 - .05 
425 0 I 3 8.478 8.485 - .09 
430 “14 8.641 8.651 -.I2 
435 0,x R.854 8.870 - 18 
44” “15 s.aw 8.909 - I9 
MS 027 9.319 9.351 - 34 
4.50 “25 9.391 9.426 37 

455 ,022 9.433 9.410 - 39 
460 ,020 9.509 9.549 - 41 
465 .,,I5 9.510 9.550 - 41 
,470 013 9.580 9.621 - 43 
A75 ,016 9.772 9.8 17 - 46 
,480 014 9.852 9,899 - 48 
A85 012 4.929 9.978 - 49 
,490 014 10.118 10.171 - .52 
495 01 I 10.155 10.209 - 53 
500 01” 10.255 IO.310 -3 

Pare,0 Sample 

4.498 4.488 .23 
4.600 4,589 .24 
4.845 4,834 .22 
4.848 4.837 22 
5.067 5.056 .20 
5.123 5.113 .2O 
5.288 5.278 17 
5.390 5.381 16 
5.571 5.564 .1* 
5.829 5.827 03 

5.84” 5.838 03 
5,876 5.875 .a2 
5.992 5,992 - 01 
6.030 6.031 - 01 
6.036 6.017 01 
6.045 6.046 - .o I 
6.21 I 6.212 .oo 
6.588 6.59 I .05 
6.629 6.633 -.06 
6.638 6.642 -06 

6.640 6.645 -06 
6.646 6.651 -06 
7.059 7.064 - 07 
7.061 7.066 “7 
7.084 7.089 - 07 
7.131 7.136 .- 07 
7.137 7.142 07 
7.237 7.241 05 
7.310 7.313 - 03 
7.799 7.800 - 01 

10.280 1036 m.54 
IO.314 10.369 - .54 
10.432 10.487 - .53 
10.577 10.631 - -52 
10.630 I”.684 m.51 



\ 
- 

15.909 .528 53” .m IO.865 
15.983 ,529 535 -.W6 IO.900 
16.X? 534 .540 -.OM I I.040 
16.479 ,538 .545 -.007 11.131 
16.685 541 2550 -0oY I I.226 

16.710 542 ,555 - 013 I1.238 
I6.8IX 541 ,560 - 01, Il.287 
17.036 547 565 018 I I.386 
17.241 551 570 - OIY 11.479 
17.428 554 575 - 021 I I.563 
18.259 567 580 - 013 I I .928 
18.452 570 585 - 0,s 12.011 
19.123 5.80 SW -.01” I?.?97 
19.755 589 595 006 12.55') 
19.862 5w 600 010 12.m 

19.905 591 605 - 014 12.621 
19.985 ,592 610 -.018 I 2.654 
20.146 .594 615 -.021 12.719 
20.275 ,596 ,620 - ,024 12.771 
20.190 .598 625 -.027 I?.XIS 
21.889 .617 ,630 -.013 13.406 
22.017 619 .635 -.016 13.455 
22.112 621 .640 - 019 13.514 
22,309 623 .645 022 13.566 
22.362 623 ,650 -.027 13.586 

22,369 623 655 - 032 13.588 13.559 22 
23.919 642 660 -.018 14.158 14.093 46 
23.919 642 665 - 023 14.158 14.093 46 
24.469 648 670 - 022 14.353 14.278 53 
25.24 I 656 675 - 019 14.622 14.532 61 
25,384 658 680 - 022 14.671 14.579 63 
27.539 679 685 - 006 15.386 15.268 76 
28.520 ,688 6W ,003 15.696 15.578 .,5 
28.515 688 695 - 007 15.704 15.585 75 
28.712 ,690 700 -.OlO 15.756 15.636 76 

30.016 ,701 705 -.oa 16.153 
32.430 720 710 .015 16.851 
33.821 .,,I 715 .O? / 17.232 
34.131 .733 ,720 ,018 17.316 
34.177 .,33 ,725 “13 17.328 
14.448 ,735 .730 010 17.4w 
34.94, .,,8 735 ,008 17.531 
35.422 742 ,740 007 17.655 
35.98, 745 745 005 17.8M) 
37.488 755 75” “IO 18.175 

16.027 78 
16.740 .66 
17.142 52 

37.641 756 .,55 006 18.213 
37.975 758 760 003 IK.294 
38.361 760 765 - 005 18.387 
38.498 761 770 OOY 18.420 
39.750 768 775 - w7 18.71s 
40.137 770 780 010 18.804 
40.987 775 785 010 18.998 
43.817 789 7% 004 IV.615 
44.606 793 7% 003 19.780 
45.150 795 800 - 005 IV.892 

17.726 41 
IX.109 36 

IX.147 .36 
18.229 35 
18.322 36 
18.354 36 
18.642 39 
18.729 40 
I8.9,6 43 
19.524 46 
I9.690 46 
IY.XO2 46 
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200 Psuedo-Random Values 
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LOSS AMOUNT DISTRIBUTIONS 

APPENDIX C 

Pareto 

200 Psuedo-Random Values 

K-S Test EVC Test 

Pareto CDF Sample CDF Maximum 
F(X) SW Difference 

47.3 19 ,805 ,805 .005 20,326 20,235 .45 
48,160 ,808 ,810 .003 20,489 20,399 .44 
53,161 ,827 ,815 .017 21,401 21,350 .24 
53,909 829 ,820 014 21,529 2 I.488 19 
57,601 ,841 .a25 .02 I 22,137 22,152 -:07 
59,057 ,845 ,830 ,020 22,365 22,407 -.I9 
59,908 ,848 .a35 ,018 22,495 22,552 -.25 
62,120 .a54 ,840 ,019 22,825 22,917 - .40 
63,423 .857 ,845 ,017 23.013 23.125 - .49 
64,290 ,859 ,850 ,014 23,136 23,260 - .53 

64,539 ,860 
66,841 .865 
66.928 ,866 
69,947 ,872 
7 I.658 ,876 
7 I.830 ,876 
72.206 ,877 
74.097 .881 
74,454 .881 
74.806 ,882 

.855 
,860 
,865 
,870 
,875 
.880 
,885 
,890 
.a95 

,010 23.171 23,297 - .54 
,010 23,487 23,631 -.61 
,006 23,499 23,643 - 61 
,007 23,894 24,051 -.65 
Oil6 24.1 IO 24,273 - .68 

- ,004 24,131 24.295 - .68 
- .OO8 24,178 24.340 -.67 
- ,009 24.407 24,557 - .62 
-.014 24,450 24,596 -.60 
- 018 24.49 I 24,633 - .56 

97.519 ,914 
97,704 ,915 
98,579 .915 
98,812 ,916 

117.157 ,932 
I la.540 ,933 
120,717 ,935 
126,789 ,939 
137,105 ,945 
151,162 952 

,900 

,905 
,910 
,915 

,925 
.930 
,935 
,940 
945 

,950 

014 26,774 26.905 - .49 
,010 26.790 26,922 - .50 
.005 26,864 27.001 -.51 

-.oQ4 26,884 27.02 I -.51 
,012 28.270 28.488 -.77 
,008 28,363 28,592 -.a1 
.005 28.507 28.745 - 83 
,004 28.890 29,139 - .86 
,005 29.490 29,758 -.91 
.M)7 30.216 30.531 -1.04 

158,996 ,955 
165,704 ,957 
166,837 ,958 
210,571 .%9 
217,732 ,971 
243,729 ,975 
253,630 ,977 
370,910 ,987 
616,233 .994 

1.176.968 ,998 

,955 
,960 
965 

,970 
,975 
,980 
,985 
990 

,995 
I.000 

,005 30,582 30,923 -1.11 
- ,003 30,877 3 I.225 -1.13 
- ,007 30,925 3 1,270 -1.12 

,004 32,498 32,801 -.93 
-.cQ4 32,712 33.016 -.93 
- ,005 33.413 33,666 -.76 
-.OQ8 33,652 33,864 - .63 
- ,003 35.733 35,623 .31 

.OM 37,978 38,076 - .26 
,003 40.100 40.880 -1.94 

Sample 

EVC 
Statistic 

(c/r) 

Beta 1s 26,297 
Delta is I S86 
The Truncation Point is 0 
The Censorship Point is lO,OOO.OOO 
The Sample Size is 200 
Kolmogomv-Smirnov Test Statistic is 0.03 17 



LOSS AMOUNT DISTRIBUTIONS 

APPENDIX D 

Lognormal 

200 Pseudo-Random Values 

/A=9 a=2 Prob[Xsx]=r#fog;-‘) 

where &y) = (h)-‘/-~ exp { - $1 dt 

2 1,904 5,449 12,301 39,866 
20 1,938 5,552 12,371 42,942 
21 1,996 5,696 12,606 45,129 
89 2,007 5,785 12,626 45,665 

134 2,067 5,859 13,690 45,859 
13.5 2,123 5,897 14,090 46,175 
164 2,134 5,900 15,759 47,292 
165 2,233 5,918 16,359 47,477 
186 2,321 6,208 17,134 47,580 
236 2,369 6,553 17,298 50,698 

402 2,376 6,804 17,649 50,707 
438 2,380 6,875 17,949 58,131 
4.51 2,497 6,901 18,682 58.441 
526 2,631 6,929 19,696 61,890 
582 2,612 6,934 19,789 64,181 
601 2,873 7,010 19,874 66,391 
639 2,879 7,047 21,275 67,898 
676 2,970 7,737 2 1,305 70,527 
850 2,974 7,750 24,569 80,932 
911 3,275 7,980 24,600 82,360 

914 3,394 8,047 26,571 83,122 
1,029 3,397 8,220 27,021 83,849 
1,052 3,407 8,448 27,290 83,917 
1,053 3,505 8,623 27,969 88,095 
1,071 3,584 8,784 28,212 104,508 
1,073 3,746 9,029 29,088 112,291 
1,102 3,772 9,118 29,205 113,729 
1,182 3,903 9,326 29,507 122,065 
1,185 3,924 9,356 30,927 129,896 
1.258 3,997 9,475 32,490 132,125 

1,337 4,660 9,896 
1,340 4,780 9,989 
1,357 4,794 10,145 
1,501 4,8 16 10,272 
1,627 5,020 10,429 
1,669 5,041 10,551 
1,798 5.074 10,675 
1,825 5,154 10,679 
1,836 5,206 12,079 
1,903 5,354 12,274 

32,657 168,200 
33,929 209,599 
34,797 225,688 
35,149 260,210 
35,194 307,687 
35,261 375,796 
35,669 463,569 
37,859 510,905 
38,049 86 1,999 
39.150 1,684,380 
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Loss Amount Data: Policy Year 1976 as of March 3 1, 1978 
Policy Limit $300,000 
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LOSS AMOUNT DISTRIBUTIONS 

APPENDIX E 

IS0 Owners, Landlords and Tenants Bodily Injury Liability 

Loss Amount Data: Policy Year 1976 as of March 31, 1978 
Policy Limit $300,000 

Pareto CDF Sample CDF 
F,.Y, SIX) 

ooo 
072 
217 

.283 
351 

A36 
.488 
.551 
,572 
,605 

640 
,667 
695 
705 
729 

,743 

,775 807 
812 843 
,853 

877 
,895 
Y14 
917 
934 
940 

,947 
,952 
.955 
Y58 

968 
,970 
,975 
,977 
.Y82 
983 

,334 
,986 
,988 
,991 

1236 

.nm 
,093 
,322 

,416 
.454 

,594 
617 

,650 
657 

,718 
.731 
,737 
747 

889 
901 
.Y34 
,936 

.Y46 
947 
951 
955 
959 

969 
,971 
,972 
.Y76 
,980 
Y83 

.Y84 

,987 
989 

989 
WI 
991 

,992 
1.c4m 

.ooo 0 0 .w 
,072 481 500 -3.82 
I 24 1.534 I.620 -5.60 

- ,087 2.054 2.091 -1.77 
- ,065 2.633 2,626 .29 

02, 3.415 3.381 .w 
034 3.936 3.910 .65 

.08 I 4.618 4.664 - I.W 
- 045 4,853 4.882 -.@I 
- ,025 5,252 5,253 -.03 

-.OlO 5.694 5.686 .I3 
017 6.064 6.06 I 05 
,037 6.458 6,485 - 41 

- ,026 6.607 6,624 -.26 
- 008 6.977 6.976 .02 

006 7.216 7.214 .03 
,013 7.489 7,492 -334 

- 032 7.769 7.793 -.31 
- ,032 a.472 8.451 .24 
- 0,s Y.389 Y.314 .80 

-.Oll 
006 

-.019 
-.OlY 
- ,009 
-cc6 

ml 
,005 
,002 
.I03 

.009 

.ool 
004 

,005 
oc.5 
,004 
001 
002 

,003 
.xl‘i 

,003 
.@I2 
sm2 
.002 
,000 

10.024 9,937 .86 
10.s35 10.438 91 
11.173 I I.106 to 
I I.284 Il.193 81 
Il.924 I I.747 I .4Y 
12.204 12,WI 1.66 
12.527 12.313 1.71 
12.779 12.579 I s7 
12.Y47 12.748 I .54 
13.113 12.920 I .47 

13.735 13.616 .87 
13.895 13,776 .a5 
14.312 14.21’) .65 
14.419 14.343 52 
14,937 14.950 - .OY 
15.026 15.056 -.20 
IS.123 15.157 -.22 
15.312 15.3Ml -.,I 
15.628 15.715 -.56 
16.009 16.187 -I II 

16.157 16.377 -1.36 
16.181 16.407 -1.40 
16.346 16.613 -1.63 
16.446 16.737 -1.77 
16.530 16.839 -1.87 
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LOSS AMOUNT DISTRIBUTIONS 

APPENDIX E 

IS0 Owners, Landlords and Tenants Bodily Injury Liability 

Loss Amount Data: Policy Year 1976 as of March 31, 1978 
Policy Limit $300,000 

Part3 

K-S Test 

88 180 ,413 - 233 79 88 - IO.63 
374 ,473 ,538 - 065 265 2.55 3.59 
783 645 ,671 107 MO 444 -.91 

I .490 768 ,781 .ow 642 677 -5.50 
2.543 ,844 ,843 .a63 840 907 -7 94 
3.521 ,879 882 ,036 974 I.061 -8.89 
4,777 ,906 ,915 ,023 1,108 I.209 -9.09 
5,629 ,918 .926 -.008 1.183 1.281 -8.29 
6.603 928 ,933 -0oe 1.258 I.353 -7.59 

7,429 .935 950 -.016 1.315 I.409 -7.12 
8.m 942 .955 - 013 1.381 I.462 -5.86 
9.736 ,948 966 -.018 I.449 I.518 -4.74 

10.430 951 968 - 018 I.485 I.542 -3.85 
11.279 .x4 971 - 017 I.525 I.568 -2.85 
12.572 958 ,973 -.015 I.582 1.606 - I .55 
13.541 .%I .974 -.013 1,621 1.633 - 71 
14.965 ,964 .9ao -.016 I,675 I.670 .27 
15.50, ,955 ,981 - .016 I .694 1,681 .75 
16.47, .%7 .9a2 -.015 1,727 I.700 I 58 

17.643 ,969 ,983 
18.713 970 983 
19.950 972 .986 
20.44 ,972 ,987 
21,753 ,974 .9a7 
22,658 ,975 .987 
23,756 976 .98a 
24.96u 977 ,990 
28,377 979 992 
33.888 982 993 

38.610 984 994 
43.106 ,986 .995 
49.834 ,987 ,997 
51.146 ,988 ,997 
59.813 ,989 -997 
64,247 ,990 ,997 
70.m ,991 997 
75.wo ,991 ,998 
78.618 ,991 998 
82.425 ,992 ,998 

124,463 
150,cw 
155.128 
161,003 
173,398 
197,495 
233.449 

2M.000 
252,800 
273,747 
287,540 
300,oiY.l 

,997 
.99-l 
397 
,997 

I.ml 

- 014 
-.013 
-.014 
-.014 
- 013 
- 013 
-.012 
-.014 
-.013 
- 01, 

- .OIO 
- ,010 
-.w9 
-.cw 
- .m* 
-mm 
-.w7 
-.007 
-.006 
-036 

- .m 
- ,005 
-co5 
- .xJs 
-.cQ‘l 
-.lxM 
-.a34 
-.a34 
-Lx!3 
- m3 

- .w3 
-.ca3 
- .w* 
- .w2 

.x0 

2 
r7.s 

WC TCS, 

Pareto CDF 
WI 

Sample CDF 
S(X) 

1,765 1,721 2.47 
1,798 I.740 3.20 
I.834 1.761 3.94 
1.847 I.768 4.28 
1.883 I.786 5.14 
I.906 I.798 5.68 
1.933 1.812 6.29 
I.962 1,**7 6.89 
2.037 1,860 8.71 
2.143 1,903 II.22 

2.223 
2.291 

I.934 12.99 
I.959 14.49 
I.992 16.38 
1,997 16.77 
2,024 19.03 
2.037 20.01 
2,053 21.16 
2.066 22.03 
2,074 22.63 
2,083 23.23 

2,399 
2.m 
2,547 
2.604 
2.650 
2.681 
2.713 

2,842 2,118 25.48 
2.877 2.126 26.11 
2.974 2,148 27.78 
3.Mo 2,154 28.20 
3.135 2,184 30.33 
3,160 2,190 30.70 
3,187 2,195 31.14 
3,242 2.205 32.00 
3,340 2.223 33.45 
3.468 2,246 35.23 

3.521 2,256 35.94 
3.530 2,257 36.05 
3,593 2,267 36.88 
3.631 2.274 37.39 
3.665 2,279 37.82 

Sample 
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APPENDIX F Part 1 

IS0 Owners, Landlords and Tenants Bodily Injury Liability 

Loss Amount Data: Policy Year 1976 as of March 3 1, 1978 
Policy Limit $500,000 

Loss Amount 

0. 250 
250 500 
500. l,ooo 

I,OQO- 2,ooo 
2,000- 3,Ga 
3.000. 4.ooo 
4,000- 5,ooo 
S,ooO- 6.OCG 
6.C00. 7,000 
7,000. 8,COO 

8,000- 9,ooO 
9,ooo- 10,003 

10,000- 11,ooo 
11,000- 12,ooo 
12,000- 13,000 
13,ooo- 14,OOa 
14,OOG 15,Ow 
lS.OOO- 16,ooO 
16.00@ l7,ooO 
l7,OCG l8,ooO 

18,ooO. 19,ooO 
19,ooo- 20,Ow 
2o,m- 2l,co!l 
2l,ooo- 22,000 
22,000- 23,ooO 
23.000- 24,000 
24.000- 25.ooo 
25,000- 30,000 
3o,oco- 35,Owl 
35,000- 40,@30 

40,m 45,000 
45,cw 50,Oal 
5o.o00- 55.OaO 
55.000- 60.000 
70.000. 75.000 
75,OW 8O;ooO 
95,ooo-100,m 

120,000-130,COO 
140,000-150,000 
190,Ow200,000 

200,ooo-210,ooo 
220.000-230.000 
24O,ooO-250,000 
260,000-270,ooO 
280,000-290,000 
290,000-300,ooO 
340,ooo.350,cal 
410,00@420,000 

500,000 and over 

Number 
of Losses 

3,977 83 
I.095 374 
1,152 774 

991 1,488 
594 2,520 
339 3,538 
307 4,770 
103 5,542 
79 6,477 

I41 7,568 

52 8,674 
89 9,853 
23 10.420 
22 Il.744 
23 12,551 

6 13,733 
51 14,960 

6 15,374 
5 16,700 
9 17,634 

3 18,801 
31 19,973 

2 20,502 
2 21,926 
5 22,530 
4 23,745 

31 24,968 
II 29,391 
18 34,249 
9 38,564 

4 
II 
3 
2 
9 
I 
4 
2 
3 
1 

2 
1 
2 
I 
I 
2 
I 
2 
0 

9.232 

43,718 
49,814 
52,333 
60,ooO 
74,750 
75,003 
99,913 

125.000 
150,000 
200,Oim 

202,453 
225,ooO 
250,ca 
270,ooO 
290,ooo 
3cO.000 
350,OaO 
414,619 
5OwOO 

2,410 



100 LOSS AMOUNT DISTRIBUTIONS 

APPENDIX F Part2 

IS0 Owners, Landlords and Tenants Bodily Injury Liability 

Loss Amount Data: Policy Year 1975 as of March 31, 1978 
Policy Limit $300,000 



LOSS AMOUNT DISTRIBUTIONS 

APPENDIX F 

IS0 Owners, Landlords and Tenants Bodily Injury Liability 

Loss Amount Data: Policy Year 1975 as of March 3 1, 1978 
Policy Limit $500,000 

Loss *mount 

O- 250 3,286 78 
250. ml 837 389 
SC+ l,cnm 928 774 

l.coO- 2.oOa 687 I .498 
2,wo- 3,cal 412 2.577 
3,Ow 4,Ooa 267 3.593 
4.m. 5.m 263 4,757 
5,CilO- 6,OCdl 89 5,569 
6,ooO. 7,000 64 6.63 I 
7,OOG 8.CW 108 7.543 

8.0X- 9.000 35 8,563 
9.OaI. 10.000 83 9,904 

10.ooo ll.Oco I5 10,432 
11.00s l2,wo 22 I I.667 
12,ooo 13.m 22 12,624 
13.Oco l4mo I5 13.517 
14,om 15.m 52 14.945 
15,C00- 16,CKO II 15.364 
16,003. 17.000 5 16.749 
l7.w0- l8,WO I5 17,650 

lS,ooO- l9,ooO 
19,ow 20.m 
2o,OM- 21,coo 
2 I .oa- 22.cm 
22,ooO- 23,wO 
23,Mx)- 24.WO 
24,1X0 25,000 
25,000. 30,000 
3o.Ow 35,000 
35,00@ 40,lxm 

27 

4 

33 
II 
9 

I8 

I9.m 
19,918 
20.351 
22,cal 
22,487 
24,wO 
24,980 
27.915 
33,655 
38,794 

4o.oco 45,olm 
45.m- 50,wo 
55.003- 60,000 
60,IXW 65,oM) 
65,wO- 70,ooO 
7o,m- 75.m 
75.000- 80,OLW 
800X- 85,000 
85,ooO- 90,ooO 
95,cm-1Oo.m 5 

43.61 I 
49,917 
6o.ocn 
63 375 
67.090 
74,294 
75.900 
82.016 
87.505 
98,586 

110,OcG120,ml 
,20.00& 130.m 
140,ooo.150.m 
l5O,OIX-l6O.wO 
240,00+250,000 
29O,ooO-300,ooO 
300,cxJo-310,cnlo 
33o.o00-34oml 
340,Oca350,cm 
48O,ooO-49O.m 
500.m and over 

I 
3 

116,177 
123,528 
15O.COO 
150.1cHl 
250,m 
3cQ.m 
309,ooo 
335,675 
349,910 
483,840 
5w.ooo 

TOtal 7.388 2.849 
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APPENDIX G 

IS0 Owners, Landlords and Tenants Bodily Injury Liability 

Loss Amount Data: Policy Year 1975 as of March 31, 1978 
Policy Limit $300,000 
Trended to July 1, 1980 by 18.9% per annum 

K-S Test WC Tees, 

Part 1 



x 
- 

Pareto CDF Sample CDF Maximum 
F(X) S(X) Difference 

EVC 
Statistic 

(%) 

17.434 .wo 
1.8.661 ,076 
2 I ,584 ,222 
22,734 ,269 
25,425 ,362 
27,510 .421 
29,457 ,469 
32,569 .533 
33.482 ,549 
36,501 ,596 

.m cm 
,078 076 
,263 ,143 
,297 - ,028 
346 ,065 

,395 ,075 
,429 ,074 
,545 .I04 
.569 - ,020 
.580 ,027 

0 0 .oo 
1,179 1,227 -4.02 
3,657 3.921 -7.20 
4,525 4,768 -5.37 
6,363 6,660 -4.67 
7,629 8,024 -5.17 
8.708 9.201 -5.67 

10.258 10,979 -7.03 
10.677 I 1,396 -6.73 
1 I.965 12,696 -6.11 

38,465 .623 .614 ,043 12.731 13,520 -6.20 
4 I ,407 ,658 616 444 13.788 14.656 -6.30 
43.408 ,678 ,676 ,062 14,452 15,424 -6.73 
44,352 ,687 ,692 ,011 14,751 15.730 -6.63 
47.945 ,718 ,694 ,026 15.818 16.837 -6.44 
49.006 .726 ,703 ,032 16,112 17.161 -6.51 
52.303 ,749 .705 ,046 16,976 18.140 -6.86 
544,438 ,762 ,779 ,057 17,498 18.769 -7.27 
60.836 ,796 .804 .017 18,907 20,183 -6.75 
73,344 ,842 ,824 ,038 21,154 22,640 -7.02 

84,544 ,870 ,864 ,046 22.759 24,615 -8.15 
95,042 ,890 .879 026 24.016 26,044 -8.45 

108.784 ,909 ,893 029 25,394 27,701 -9.0s 
130.758 ,930 ,897 037 27,153 30,055 -10.69 
137.460 ,934 ,908 ,037 27,609 30,743 - Il.35 
146.210 ,940 ,913 ,031 28,157 31,544 - 12.03 
161.910 ,948 ,933 ,035 29,034 32.91 I -13.35 
165.409 ,950 ,940 ,017 29,213 33.145 -13.46 
178,737 ,955 946 ,015 29,847 33.948 -13.74 
190.700 ,959 .951 .013 30.362 34,589 - 13.92 

214,849 .%5 
253,186 973 
269,205 ,975 
326.8% .%I 
327.114 981 
544,827 991 
653,792 ,993 
673,406 ,993 
731,539 ,994 
762.561 ,995 

,962 ,015 
,969 ,011 
.971 .x6 
,973 ,010 
.978 .3x 
980 ,013 

,982 ,013 
.984 .0,1 
,987 ,010 
989 ,008 

31,271 35,775 - 14.40 
32,448 37,230 - 14.74 
32,867 37,730 - 14.80 
34,117 39,404 - 15.50 
34.121 39,410 - 15.50 
36,928 44,270 - 19.88 
37,782 46,459 -22.97 
37.914 46,809 -23.46 
38,274 47,718 -24.67 
38,449 48,133 -25.19 

I .054.436 ,997 991 ,008 39,707 51,391 -29.42 
1.089,653 lolm I.ml SKMI 39.825 51.705 -29.83 
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Loss Amount Data: Policy Year 1975 as of March 31, 1978 
Policy Limit $500,000 
Trended to July 1, 1980 by 18.9% per annum 

K-S Test EVC Test 

Beta is 4955.2 
Delta is I.4728 
The Truncation Point is 17.434 
The Censorship Point is 1.089.653 
The Sample Size is 448 
Kolmogomv-Smimov Test Statistic is 0.1433 
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x 
Parem CDF Sample CDF Maximum 

FIX) S(X) Dtference Sample 

14.66, cc0 Ooo om 0 0 cm 
15.580 065 094 065 886 916 -3 43 
17.845 199 324 125 2.846 2,969 -4 31 
19.118 260 371 - III 3.826 3.829 - 09 
20.67, 325 418 092 4.924 4.807 2 yj 
23.044 408 456 - 04Y 6.423 6.188 166 
24.819 459 473 014 7.427 7.153 3 70 
27.430 ,522 597 - 075 8.754 8.5X 2 57 
28.412 543 620 - 078 9.214 a.925 3 I4 
30.189 576 633 - 057 Y.996 9.600 3 97 

32.338 612 6S3 
34.298 640 661 
36.565 669 722 
37,473 ,679 735 
39.87 I 704 741 
41.530 719 750 
43.542 736 754 
45,749 .753 RI, 
52.01 I 792 848 
62.113 836 a72 

10.867 I”.,87 4 42 
I I.600 11.067 4 60 
12.383 I I.836 4 42 
12.679 12.089 4.66 
13.419 12,725 5 17 
I 3.897 13.156 5 34 
14.444 13.658 5 45 
15.00* 14.201 5.37 
16.426 I 5.38, 6.35 
18.288 16.922 7.47 

70.768 .863 
79.038 ,883 
91.340 904 
93,746 ,907 

109.630 926 
117.757 93, 
128.302 940 
137,467 946 
144.098 950 
151.076 953 

182.197 
191.64” 
219.947 
228.127 
274.934 
284.33, 
295.095 
317.820 
361.987 
427.886 

x93 
905 
938 
941 
947 
951 
951 
95x 
960 
964 

974 
976 
977 
%I 
984 
988 
988 
990 
992 
993 

994 
YY5 
9% 
997 

I 000 

- 041 
- 021 

053 
- ,056 
- 037 
- 031 
-.017 

,058 
- 056 
- 036 

-.030 
,023 
“34 
“33 

- ,022 
- 018 
- 011 
- “I2 
- 010 

“11 

01” 
- 010 
- M4 
- 007 
- 004 
- 007 

006 
- 006 
- co5 
- 004 

004 
- 004 
- co4 
-004 

CO” 

19.582 18.027 7.94 
20.627 I K.909 8.32 
2 I.936 20.078 a.47 
22.163 20.226 8.74 
23.479 ?l.l68 9.84 
24.054 2 I.597 1021 
24.720 Z2.I 18 10 53 
25.239 22.56, 10 60 
25.585 22.842 IO 72 
25.926 23.124 IO.81 

27.208 24.252 10 a7 
27.537 24.503 II 0, 
28.397 25.177 II 34 
28.616 25.365 II.36 
29.683 26,252 II 56 
29.866 26,399 II 61 
30.065 26.532 11.75 
30.453 26,794 I2 01 
31.102 27.231 I2 45 
3 / ,883 27.774 12 89 

458.223 
463.355 
50 I .748 
527.029 
549.R67 

964 
%b 
972 
974 
YRO 
981 
982 
984 

.Y87 
9% 

991 
991 
9% 
992 

I ooo 

32.186 27.974 13 09 
32.234 24 m3 13 13 
32.572 28.193 13 45 
32.775 28.297 13 66 
32.947 28.372 13 88 
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IS0 Owners, Landlords and Tenants Bodily Injury Liability 

Loss Amount Data: Policy Year 1976 as of March 31, 1978 
Policy Limit $500,000 
Trended to July 1, 1980 by 18.9% per annum 

K-S Teat 

X 
- 

Pareto CDF 
F(X) 

Sample CDF 
S(W 

Maximum 
Difference 

14,663 ,000 .ooo .oal 
15,899 ,086 ,114 ,086 
18,060 ,210 ,309 -.I00 
19,099 ,259 ,360 -.I00 
2 1,526 ,357 ,408 -.05l 
23,005 ,407 ,458 - ,052 
25,172 ,468 ,471 ,010 
27,420 ,522 ,583 -.062 
28,179 ,538 ,596 - ,059 
30,609 ,584 ,607 - ,024 

32,322 .6l I ,627 -.Ol6 
34,460 ,642 ,634 ,015 
36.608 ,669 ,702 ,035 
37,578 ,680 ,706 - ,026 
40,187 ,707 ,711 -.aM 
41,294 .717 .72l ,007 
43,522 .736 ,730 ,015 
45,763 .753 ,798 - ,045 
53,871 ,802 ,822 -.021 
62,775 ,839 .862 - ,023 

70,684 ,863 ,882 -.Ol9 
80,130 ,885 ,890 -.006 
91,304 ,904 ,914 ,014 
95,921 ,910 ,921 -.Ol I 

109.973 ,926 .925 ,005 
137,009 ,946 ,945 ,020 
137.472 ,946 ,947 -.oOl 
183,129 ,964 .9S6 ,017 
229.1 I I ,974 .96l ,018 
274,934 ,980 .967 ,020 

366,578 ,987 ,969 
37 I ,074 ,987 ,974 
412,400 ,989 ,976 
458,223 ,991 ,980 
494,880 ,992 ,982 
53 1.538 .992 ,985 
549,867 ,993 ,989 
641,512 ,994 ,991 
759,951 ,995 ,996 
916,445 l.ooO I.Mx) 

,020 31,163 
,018 31,222 
,015 31,716 
,015 32,186 
,011 32,515 
,010 32,810 
,008 32,947 
,005 33,543 
.OO4 34,150 
.ooQ 34,769 
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EVC Test 

Bera is 4955.2 
Delta is I .4728 
The Truncation Point is 14,663 
The Censorship Point is 916,445 
The Sample Size is 456 
Kolmogomv-Smimov Test Statistic is 0.1003 

Sample 

EVC 
Statistic 

(S) 

0 0 
1,181 I.235 
3,017 3,150 
3,812 3,867 
5,486 5,422 
6.400 6,298 
7,616 7,47 I 
8.750 8,659 
9.107 8,976 

10,172 9,956 

.oa 
-4.61 
-4.41 
-1.46 

1.17 
I .59 
I .9l 
I .03 
1.44 
2.13 

10.861 10.628 
11,658 I I.426 
12,397 12,212 
12,713 12,502 
13,512 13,268 
13.831 13,589 
14,439 14,209 
15.01 I 14,814 
16,804 16,450 
18,396 18,031 

2.14 
2.00 
I .49 
I.66 
1.80 
I .75 
1.59 
I.31 
2.11 
1.98 

19,571 19.124 2.28 
20,757 20,242 2.48 
21,932 2 I ,468 2.12 
22,361 2 I ,863 2.23 
23,505 22,972 2.27 
25,215 24,988 .90 
25.240 25,013 .90 
27,242 27,416 -.64 
28,642 29,433 -2.76 
29,683 31,242 -5.25 

34,256 -9.93 
34,394 -10.16 
35,482 -11.87 
36,587 - 13.68 
37,311 - 14.75 
37,954 - 15.63 
38.235 - 16.05 
39.240 - 16.99 
40.279 - 17.95 
40,965 - 17.82 
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AN ANALYSIS OF RETROSPECTIVE RATING 

GLENN G. MEYERS 

I. INTRODUCTION 

The purpose of this paper is to address the following question: should the 
present retrospective rating formula be modified to account for the claim severity 
distribution for the risk being insured, and for the loss limit chosen for the plan? 
It will be shown that there are significant differences in premium adequacy that 
can be attributed to the above mentioned factors. Alternatives to the present 
formula will be proposed. 

The Present Retrospective Rating Formula 

The premium for an insured written under a retrospective rating plan is given 
by the following formula. This formula is generally used in Workers’ Compen- 
sation insurance. 

R = [(P x 6) + (P x c X e) + (c X A)] X t 

subject to a minimum of h X P and a maximum of g X P, 

where: 

R = Retrospective Premium, 
P = Standard Premium, 
b = Basic Premium Factor, 
c = Loss Conversion Factor, 
e = Excess Loss Premium Factor, 

A = Actual Limited Losses, 
t = Tax Multiplier, 

h = Minimum Premium Factor, and 
g = Maximum Premium Factor. 

In some plans, losses arising out of a single accident are limited to a 
specified amount before entering the retrospective premium calculation. The 
excess loss premium factor provides for the cost of this loss limit. 



RETROSPECUVE RATING 

The basic premium factor can be written as follows: 

b = a + (c X i). 

111 

The factor a provides for acquisition expenses, general underwriting expenses 
and profit. The factor i is called the insurance charge. This factor provides for 
the net cost of limiting the retrospective. premium between the minimum and 
maximum premiums. 

The standard formula for calculating the insurance charge does not take into 
account the claim severity distribution of the individual insured, nor does it take 
into account the loss limit selected for the plan.’ In other words, the insurance 
charge, as calculated by the standard formula, will be the same no matter what 
claim severity distribution applies to the insured, or what loss limit is used. 

Given two insureds with the same expected loss, the loss experience will be 
more volatile for a high severity, low frequency insured than for a low severity, 
high frequency insured. Since a high severity, low frequency insured will 
“break the maximum” more often, he should have a higher insurance charge 
than an otherwise comparable low severity, high frequency insured. 

The insurance charge includes a provision for that portion of the losses 
which exceed any potential loss limit. But, in a plan which has a loss limit, 
these losses are provided for by the excess loss premium factor. Thus, a plan 
with a loss limit should have a lower insurance charge than a plan with no loss 
limit. 

It has long been recognized that these factors can significantly affect the 
adequacy of the retrospective premium. Perhaps the main reason the rating 
formula has not been modified is that it would involve making an already 
complex rating formula even more complex. According to one account, it could 
require 200,000 pages of tables to properly calculate the insurance charge.* 

Another problem is inherent in the way data has been gathered under the 
present formula. The distribution of loss ratios is tabulated by direct observation. 
This allows one observation per insured each year. If one were to create 
categories of insureds and tabulate the experience for each of the categories, he 
might well find that the experience is not credible. 

’ National Council of Compensation Insurance, Rerrospective Rating Plan D. 

* An excellent discussion of these issues can be found in “The California Table L,” PCAS LXI, 
by David Skurnick, and the ensuing discussions by Frank Harwayne and Richard H. Snader. 
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The general approach taken by this paper will be to build a mathematical 
model of the loss process. This model will be used to generate annual losses for 
different kinds of insureds. We will then quantify differences in premium 
adequacy that can be attributed to the factors mentioned above. Following that 
we will explore modifications to the current formula which can more adequately 
price a retrospective rating plan. 

II. THE MODEL 

The Generalized Poisson Distribution 

The Generalized Poisson distribution will be used to model the loss process.3 
This model is based on the following assumptions: 

1. The number of claims has a Poisson distribution, and 
2. Claim severity is independent of claim frequency. 

Three claim severity distributions have been selected. These distributions 
will represent a standard insured, a high severity insured and a low severity 
insured. The distributions are given in Exhibit I. These distributions are hypo- 
thetical ones selected by the author. 

The following information is needed to generate a distribution of annual 
losses: (1) the expected losses, (2) the claim severity distribution, and (3) the 
loss limit. Sample values for the distribution are calculated by the following 
steps. 

1. Calculate the average claim size from the claim severity distribution. 

2. Calculate the parameter, A, for the Poisson distribution, where 

A = Expected Losses/Average Claim Size. 

3. For each sample do the following. 
3.1 Randomly select the number of claims, n, from the Poisson distri- 

bution. 
3.2 Do the following n times. 

3.2.1 Randomly select a claim amount from the claim severity 
distribution. 

3.2.2 Adjust the claim amount for the loss limit. 
3.3 The sample loss amount is the sum of all claim amounts generated 

by step 3.2. 

’ R. E. Beard, T. Pentikainen and E. Pesonen, Risk Theory, Chapman and Hall Ltd. (1977), 
Ch. 3. 
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The annual loss distributions used in this paper are ~‘~‘empirical” ones consisting 
of 10,000 samples. 

The use of the Poisson distribution for the number of claims deserves some 
comment. The author chose this distribution because of its widespread use in 
the actuarial literature. The author has no evidence that the Poisson distribution 
is the most appropriate. However, if some other distribution is chosen, one 
should expect only a slight increase in the variance of the annual loss distribu- 
tion.4 Thus the results of this paper should hold even if this assumption is 
changed. 

The major results of this paper will be based on the difference between 
insureds represented by the claim severity distributions in Exhibit I. No attempt 
has been made to fit this model to live data. 

However, it was the author’s intention to select a realistic model. Using 
Exhibits II (Table A) and III, one can compare the results of this model with 
the present retrospective rating formula. Exhibit II (Table A) provides the excess 
ioss premium factors derived from the claim severity distributions in Exhibit I. 
Exhibit III gives the insurance charges calculated using the standard formula 
and by a method (to be described below) using the claim severity distribution 
for the standard insured. 

Adequacy of the Retrospective Premium 

When given the parameters of the retrospective rating plan and the 10,000 
loss samples generated by the model, it is possible to calculate the average 
retrospective premium generated by the plan. Similarly, one can calculate the 
average premium that would be generated by a “cost-plus” rating plan (i.e. a 
retrospective rating plan with no minimum or maximum premium). The pre- 
mium for a “cost-plus” rating plan is given by the following formula: 

CP = [(P X a) + (P X c X e’) + (c X A)] X t, 

where e’ is the “correct” excess loss premium factor as derived from the claim 
severity distribution. 

The retrospective premium adequacy of a plan (RPA) can be defined as 
follows: 

RPA = 
Average “Cost-Plus” Premium 
Average Retrospective Premium 

4 R. S. Miccolis, “On the Theory of Increased Limits and Excess of Loss Pricing,” PCAS LXIV, 
p. 43. 
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The retrospective premium adequacy of a plan is a measure of its profitability. 
If the retrospective premium adequacy is less than 1.00, the insurer should 
expect to make more than the budgeted profit. Conversely, if the retrospective 
premium adequacy is greater than 1 .OO, the insurer should expect to make less 
than the budgeted profit. 

If all the parameters of a retrospective rating plan are given except the 
insurance charge, the retrospective premium adequacy can be thought of as a 
function of the insurance charge. To use the model to find the insurance charge 
one solves the equation RPA(i) = 1. This equation can be solved by standard 
numerical methods.5 It should be pointed out that solving this equation by hand 
would be extremely difficult due to the large number of terms involved. How- 
ever, solving this equation by computer has proved to be very speedy and 
reliable. It should also be pointed out that this method of finding the insurance 
charge can easily be adapted to other kinds of retrospective rating formulas. 

III. AN ANALYSIS OF THE CURRENT FORMULA 

Like it or not, we already have a formula for retrospective rating in use. 
With some minor exceptions, this formula is used on a countrywide basis for 
Workers’ Compensation. 

Since the price of a retrospective rating plan is fixed, the problem becomes 
one of risk selection. This section seeks to identify those insureds which can 
profitably be written under a retrospective rating plan. 

Another particularly troublesome problem with the current formula is that 
many people feel that the excess loss premium factors currently in use are 
inadequate. This section will show how to quantify the effect of such an 
inadequacy. 

A Model of the Current Procedure 

Ideally, the current retrospective rating formula can be described as follows. 
A single loss distribution is chosen to represent all insureds with a given 
expected loss amount. The insurance charge is calculated from this loss distri- 
bution on the assumption that no loss limit will be used. This insurance charge 
is used whether or not a loss limit is actually used in the plan. 

’ The author used the Modified Regula Falsi method, which is described in ElementaT Numen’cal 
Analysis: An Algorithmic Approach, McGraw Hill Inc. (1972), by S. D. Conte and Carl de Boor. 
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The current formula will thus be modeled as follows. The standard claim 
severity distribution will be used to calculate insurance charges. They are given 
in the last column of Exhibit III. These insurance charges will be used to 
evaluate the retrospective premium adequacy of a plan no matter what the 
insured’s claim severity distribution is and no matter what loss limit is selected. 

Exhibit V shows the retrospective premium adequacy for the high and low 
severity insureds when there is no loss limit. As can be seen from this exhibit, 
there are substantial differences in the retrospective premium adequacy that can 
be attributed to differences in claim severity. Clearly it is not desirable for the 
insurer to write a high severity insured on such a retrospective rating plan. 

Exhibit VI shows the retrospective premium adequacy for plans which have 
a loss limit. As can be seen from the exhibit, the overlap between the excess 
loss premium factor and the insurance charge results in a very favorable retro- 
spective premium adequacy from the viewpoint of the insurer. This is true even 
for the high severity insureds which fared poorly when there were no loss limits. 

The EfSect of Inadequate Excess Loss Premium Factors 

After examining Exhibit VI, one might conclude that an insurer should 
require loss limits on all retrospective rating plans. However, there are some 
problems with this strategy. In talking with various actuaries and underwriters 
who work in Workers’ Compensation, the author has found many who believe 
that the excess loss premium factors currently in use are inadequate. To get 
some idea of the effect of inadequate excess loss premium factors, the author 
calculated the retrospective premium adequacy of plans with the excess loss 
premium factors cut in half. The results are shown in Exhibit VII. 

The results of these calculations show that, in some cases, it still may be 
more profitable to write an insured with a loss limit. The profitability of a plan 
depends upon the balance between the amount of inadequacy in the excess loss 
premium factors and the redundancy in the insurance charge. This balance is 
more favorable to the insurer in plans with a low maximum premium. It should 
also be noted that this balance works against the insurer for the larger premium 
sizes. 

If an underwriter is concerned about inadequate excess loss premium factors, 
he should encourage the insured to take a plan with a high maximum premium 
and no loss limit, or a plan with a low maximum premium and a loss limit. The 
author has discussed this underwriting strategy with both underwriting and 
marketing personnel. They thought that neither of these programs is marketable. 
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It should be clear why a plan with a high maximum would not sell. The 
marketability of the low maximum plan with a loss limit deserves some com- 
ment. 

When deciding whether or not to purchase a plan with a loss limit, the 
insured will look at his past experience and see what he would have paid under 
each plan. Exhibits VIII and IX provide such a price comparison based on the 
10,000 samples generated by the loss model. These exhibits show calculations 
of the retrospective premium at various percentiles. It should be noted that the 
insured in this example is paying $25,062 in excess premium in the plan with 
a $30,000 loss limit. In examining these exhibits one can see that at every 
percentile the insured would be paying a premium for the plan with a loss limit 
greater than or equal to the premium for the plan with no loss limit. The only 
time there is equality is when both plans pay the maximum premium. 

Thus it appears that the normal insured would prefer the plan without a loss 
limit. However, a plan with a loss limit would be acceptable to an insured who 
has experienced a severe loss and is afraid of another one. 

The possibility of adverse selection in plans with a loss limit is something 
that can be tested. What is required is a comparison between claim severity 
distributions for insureds who have and who have not purchased a plan with a 
loss limit. The author has not seen such a comparison. 

Adverse selection could provide an explanation for inadequate excess loss 
premium factors. 

IV. OTHER RETROSPECTIVE RATING FORMULAS 

Insurance Charges Which Rejlect Claim Severity and Loss Limits 

Given the differences in the retrospective premium adequacy of the various 
plans mentioned above, it is natural to ask what the insurance charge should be 
in order to accurately reflect differences due to claim severity and loss limits. 
Exhibits X and XI provide the proper insurance charges. 

The taking into account of differences due to claim severity presents the 
problem of rating different exposures which are under the same retrospective 
plan. To do this, one can simply sum the losses incurred by each separate 
exposure and then proceed as usual. Exhibit XV (Table A) provides calculations 
of insurance charges for an insured with standard premiums of $150,000 in a 
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class represented by the high severity distribution and $50,000 in each of the 
two classes represented by the low severity distribution and the standard distri- 
bution. This method can easily be generalized to cases where the expense factors 
and loss limits are different for each class. 

While this method of calculating the insurance charge does not require an 
excessive number of tables, it does require a great deal of computer time. The 
overwhelming majority of the computer time is consumed by generating the 
distribution of annual losses. The author is aware of quicker ways to generate 
losses, which deserve serious consideration.‘j 

Retrospective Rating Plans Which Require a Loss Limit 
In his observations of Exhibit XI, the reader may have already noticed that 

the insurance charges for plans with the same standard premium and loss limit 
are nearly equa1.7 The difference in the price for insureds with different claim 
severity distributions can be attributed almost entirely to the excess loss premium 
factor. This is true because we are substituting a fixed excess premium for the 
most volatile part of the actual losses. 

This observation suggests that, when using a fixed loss limit, one can devise 
a retrospective rating formula for which the differences in the insurance charges 
due to claim severity can be kept to an acceptable minimum. This plan would 
simply use the insurance charge calculated for the standard insured as the 
insurance charge for all insureds. Each insured would still use the appropriate 
excess loss premium factor. The retrospective premium adequacies for various 
insureds under such a plan are given in Exhibits XII and XV (Table B). 

The author would also propose that the insured not be given a choice of loss 
limits. This would minimize the number of tables needed to calculate the 
insurance charge. The loss limit would be determined by the total expected 
losses of the insured. Furthermore, if it is determined that adverse selection is 
a cause of inadequate excess loss premium factors, it may be necessary to 
require that all insureds have the same loss limit. 

If we are to require that a specific loss limit be used for a given insured, we 
should try to choose a loss limit that will be acceptable to a majority of the 
insureds. It may be desirable to calculate excess losses by the following formula. 

6 R. E. Beard, T. Pentikainen and E. Pesonen, op. cit., Ch. 7. 

’ The reader should note the different definitions of the insurance charge that are in the literature. 
Skurnick’s insurance charge provides for both the excess losses on individual claims and the effect 
of limiting the retrospective premium. Harwayne suggests reducing the excess loss premium factor 
to account for the overlap. 
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Let L be the total loss arising out of a single accident. 

IfLsA 
Primary Loss = L 
Excess Loss = 0 

IfL>A 
i 

Primary Loss = (L x B)/(L + B - A) 
Excess Loss = L - Primary Loss 

In this case we say the loss limit is (A : B). 

One can see that primary portion of the loss will be between A and B when 
the loss is greater than A. This formula is similar to the one used in multi-split 
experience rating for Workers’ Compensation. 

Exhibits XIII and XIV show calculations of the insurance charge and the 
retrospective premium adequacy for plans with a dual loss limit. It should be 
noted that a more restrictive loss limit allows less variance in the retrospective 
premium adequacy. The selection of a required loss limit will depend upon what 
will be acceptable to a majority of insureds and upon how much variance in the 
retrospective premium adequacy the insurer is willing to tolerate. 

V. CONCLUSION 

This paper discusses three options which can be taken with regard to the 
retrospective rating formula. 

The first option is to leave the present formula unchanged. If this option is 
elected, a retrospective rating plan will produce premium deficiencies for high 
severity insureds, while it may produce premium redundancies for plans which 
have a loss limit. Such plans are not appropriate for high severity insureds. 

The second option is to replace the present formula with one that properly 
accounts for claim severity and loss limits. This option would allow complete 
freedom in choosing the kind of plan to be used. The main drawback to this 
option is the large amount of computer time needed to calculate the insurance 
charge. It will be necessary to develop a more efficient loss generation program 
before this option can be implemented. 

The third option is to restrict the number of plans available to the insured. 
This provides an immediate reduction in the number of tables needed. If we 
require that all retrospective rating plans have a loss limit, it turns out that the 
claim severity of an insured has only a slight effect on the insurance charge. 
Because of this it should not be necessary to have separate tables for each claim 
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severity group in order to calculate the insurance charge. If a single loss limit 
is required, the resulting procedure should be no more complex than the present 
one. A single loss distribution and loss limit could be chosen to represent all 
insureds with a given expected loss amount. 

This paper attempts to quantify the effect of each of these options. The 
author prefers a flexible formula like that mentioned in option two. Should this 
approach prove unworkable at the present time, the author would then choose 
option three. The present retrospective rating formula discards accuracy in order 
to maintain flexibility. The proposed formula discards flexibility in order to 
maintain accuracy. 

This paper bases its conclusions on a computer simulation using hypothetical 
data. These techniques permitted a vast amount of experimentation with various 
retrospective rating plans. These conclusions are the results of this experimen- 
tation Any concrete proposal for changing the current procedure must look at 
real data. The modification of the current procedure will be a very expensive 
and time consuming undertaking. It is hoped that this paper will convince the 
reader that such an undertaking is worth the effort. 

The ideas expressed in this paper are the result of conversations the author 
has had with many people at his company. The author would like to thank these 
people for their contributions. 
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EXHIBIT I 

CLAIM SEVERITY DISTRIBUTIONS 

Claim Amount 

(1) 

50 
100 
250 
500 
750 

1,000 
1,500 
2,500 
3,500 
5,000 
7,500 

10,000 
15,000 
25,000 
35,000 
50,000 
75,000 

100,000 
150,000 
250,000 
350,000 
500,000 

Mean 
Standard Deviation 

Probability that a claim will be less 
than Column 1 

(2) (3) (4) 

0.4310 0.3692 0.2464 
0.5781 0.5147 0.4385 
0.8561 0.8419 0.6195 
0.8994 0.8835 0.8474 
0.9175 0.9040 0.8684 
0.9291 0.9155 0.8862 
0.9455 0.9310 0.9050 
0.9628 0.9495 0.9225 
0.9718 0.9606 0.9348 
0.9788 0.9704 0.9468 
0.9846 0.9780 0.9592 
0.9886 0.9824 0.9665 
0.9935 0.9878 0.9748 
0.9969 0.9936 0.9823 
0.9982 0.9961 0.9862 
0.9990 0.9977 0.9903 
0.9995 0.9988 0.9941 
0.9997 0.9992 0.9961 
0.9998 0.9996 0.9977 
1.0000 0.9998 0.9989 

- 0.9999 0.9993 
- 1.0000 1.0000 

595 926 2269 
4313 7608 16753 

Column 2-40~ Severity Insured 
Column 3-Standard Insured 
Column 4-High Severity Insured 
It is assumed that the claim severity distribution is uniform between 
any two consecutive amounts in Column 1. 
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EXHIBIT II 

TABLE A 

Excess Loss Premium Factor* 

Loss Limit 
Low Severity Standard High Severity 

Insured Insured Insured 

10,000 
15,000 
20,000 
25,000 
30,000 
40,000 
50,000 
75,000 

100,000 
150,ooo 
200,000 
250,000 

0.191 
0.146 
0.118 
0.098 
0.084 
0.064 
0.052 
0.033 
0.023 
0.010 
0.003 

- 

0.270 0.391 
0.222 0.353 
0.187 0.322 
0.162 0.296 
0.143 0.274 
0.116 0.237 
0.098 0.208 
0.070 0.156 
0.053 0.124 
0.034 0.083 
0.023 0.056 
0.015 0.038 

TABLE B 

Loss Limit* * 

(2,000 : 20,000) 
(5,000 : 60,000) 
(10,000 : 100,000) 
(10,000 : 20,000) 
(30,000 : 60,000) 
(50,000 : 100,000) 

Excess Loss Premium Factor* 

Low Severity Standard High Severity 
Insured Insured Insured 

0.206 0.272 0.380 
0.114 0.170 0.276 
0.075 0.124 0.220 
0.155 0.228 0.350 
0.064 0.114 0.227 
0.038 0.076 0.166 

* Expected Loss Ratio = ,600 

** Excess losses for a dual loss limit (A : B) are given by the following formula 

Let L be the total loss arising out of a single accident. 

IfL5A 
i 

primary Loss = L 
Excess Loss = 0 

IfL>A Primary Loss = (L x B)/(L + B - A) 
Excess Loss = L - Primary Loss 
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EXHIBIT III 

COMPARISON OF INSURANCE-CHARGES INDICATED BY THE 
MODEL AND THE STANDARD FORMULA USING TABLE M. 

Standard Premium = 50,000 
No Loss Limit 

Insurance Charge* 

Min. Max. Standard Formula Model 

BxTM 1.00 0.267 0.300 
BxTM 1.20 0.173 0.219 
BxTM 1.40 0.122 0.174 
BxTM 1.60 0.090 0.144 
BxTM 1.80 0.068 0.123 
0.60 1.00 0.254 0.299 
0.60 1.20 0.117 0.195 
0.60 1.40 0.038 0.124 
0.60 1.60 -0.016 0.071 
0.60 1.80 -0.052 0.029 

Standard Premium = 150,000 
No Loss Limit 

Min. Max. 

Insurance Charge* 

Standard Formula Model 

BxTM 1.00 0.173 0.179 
BxTM 1.20 0.092 0.112 
BxTM 1.40 0.059 0.079 
BxTM 1.60 0.044 0.060 
BxTM 1.80 0.029 0.047 
0.60 1.00 0.150 0.171 
0.60 1.20 0.047 0.087 
0.60 1.40 0.000 0.043 
0.60 1.60 -0.025 0.014 
0.60 1.80 -0.042 - -0.005 
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EXHIBIT III 
(CONT.) 

COMPARISON OF INSURANCE CHARGES INDICATED BY THE 
MODEL ANDTHE STANDARDFORMULAUSINGTABLE M. 

Standard Premium = 250,000 
No Loss Limit 

Insurance Charge* 

Min. Max. Standard Formula Model 

BxTM 1.00 0.130 0.128 
BxTM 1.20 0.060 0.073 
BxTM 1.40 0.033 0.048 
BxTM 1.60 0.025 0.033 
BxTM 1.80 0.015 0.023 
0.60 1.00 0.099 0.119 
0.60 1.20 0.012 0.054 
0.60 1.40 -0.016 0.021 
0.60 1.60 -0.032 0.001 
0.60 1.80 -0.040 -0.014 

* The parameters for the plans are. given in Exhibit IV. 
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EXHIBIT IV 

PARAMETERS FOR RETROSPECTIVE RATING PLANS 

Total Standard Premium 

50,000 150,000 250,000 

Expected Losses 30,000 90,000 150,000 

Loss Conversion Factor (c) 1.125 1.125 1.125 

Expense in Basic Premium Factor (a) 0.149 0.139 0.134 

Tax Multiplier (t) 1.040 1.040 1.040 
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EXHIBIT V 

RETROSPECTIVE PREMIUM ADEQUACY FOR PLANS WITHOUT A Loss LIMIT 

Standard Premium = 50,000 
No Loss Limit 

Retrospective Premium Adequacy” 

Min. MaX. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 

Low Severity 
Insured 

0.951 
0.936 
0.935 

Standard 
Insured 

1 .ooo 
1 .ooo 
1 .ooo 

High Severity 
Insured 

1.127 
1.161 
1.170 

BxTM 1.60 0.937 1.000 
BxTM 1.80 0.940 1.000 
0.60 1.00 0.951 1.000 
0.60 1.20 0.951 1 .ooo 
0.60 1.40 0.962 1 .ooo 
0.60 1.60 0.974 1 .oOO 
0.60 1.80 0.984 1.000 

.170 

.163 

.112 

.103 

.084 

.066 

Standard Premium = 150,000 
No Less Limit 

Min. 

BxTM 

MaX. 

1.00 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

0.951 1.000 1.119 
BxTM 1.20 0.947 
BxTM 1.40 0.953 
BxTM 1.60 0.958 
BxTM 1.80’ 0.962 
0.60 1.00 0.956 

.OOO 1.123 

.ooo 1.113 
,000 1.098 
.OOO 1.085 
.OOO 1.078 

0.60 1.20 0.964 1.000 1.052 
0.60 1.40 0.976 1 .ooo 1.028 
0.60 1.60 0.987 1 .ooo 1.008 
0.60 1.80 0.994 1.000 0.992 
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EXHIBIT V 
(CONT.) 

RETROSPECTIVE PREMIUM ADEQUACY FOR PLANS WITH A Loss LIMIT 

Standard Premium = 250,000 
No Loss Limit 

Min. Max. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 1.80 
0.60 1.00 
0.60 1.20 
0.60 1.40 
0.60 1.60 
0.60 1.80 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

0.961 1 .ooo 1.102 
0.961 1 .ooo 1.095 
0.966 1 .ooo 1.077 
0.972 1.000 1.061 
0.977 1.000 1.048 
0.967 1 .ooo 1.061 
0.975 1 .ooo 1.031 
0.987 1 .ooo 1.007 
0.996 1 .ooo 0.988 
1.004 1.000 0.974 

* The parameters for the plans are given in Exhibits III and IV. 
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EXHIBIT VI 

RETROSPECTIVE PREMIUM ADEQUACY FOR PLANS WITH A Loss LIMIT 

Standard Premium = 50,000 
Loss Limit = 10,000 

Retrospective Premium Adewacy* 

Min. Max. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 1.80 
0.60 1.00 
0.60 1.20 
0.60 1.40 
0.60 1.60 
0.60 1.80 

Low Severity Standard 
Insured Insured 

0.868 0.865 
0.814 0.811 
0.819 0.818 
0.838 0.838 
0.857 0.856 
0.868 0.865 
0.829 0.827 
0.864 0.863 
0.912 0.913 
0.958 0.961 

_ _ 

High Severity 
Insured 

0.855 
0.800 
0.813 
0.836 
0.856 
0.855 
0.816 
0.859 
0.912 
0.962 

Standard Premium = 150,000 
Loss Limit = 30,000 

Min. Max. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 1.80 
0.60 1.00 
0.60 1.20 
0.60 1.40 
0.60 1.60 
0.60 1.80 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

0.904 0.908 0.901 
0.889 0.894 0.889 
0.906 0.909 0.907 
0.924 0.925 0.924 
0.939 0.939 0.939 
0.908 0.912 0.905 
0.912 0.916 0.914 
0.944 0.945 0.947 
0.974 0.973 0:977 
0.995 0.994 0.999 
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EXHIBIT VI 
(CONT.) 

RETROSPECTIVE PREMIUM ADEQUACY FOR PLANS WITH A Loss LIMIT 

Standard Premium = 250,000 
Loss Limit = 50,000 

Min. Max. 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

BxTM 1.00 0.925 0.931 0.937 
BxTM 1.20 0.923 0.927 0.931 
BxTM 1.40 0.940 0.941 0.944 
BxTM 1.60 0.957 0.957 0.958 
BxTM 1.80 0.969 0.969 0.969 
0.60 1.00 0.931 0.936 0.943 
0.60 1.20 0.942 0.944 0.948 
0.60 1.40 0.970 0.967 0.969 
0.60 1.60 0.992 0.988 0.987 
0.60 1.80 1 .OlO 1.005 1.003 
* The parameters for the plans are given in Exhibits II (Table A), III and IV. 
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EXHIBIT VII 

RETROSPECTIVE PREMIUM ADEQUACY FOR PLANS WITH A Loss LIMIT AND 
INADEQUATE EXCESS Loss PREMIUM FACTORS 

Standard Premium = 50,000 
Loss Limit = 10,000 

Retrospective Premium Adequacy* 

Min. MaX. 
Low Severity 

Insured 
Standard 
Insured 

High Severity 
Insured 

BxTM 1.00 0.899 0.914 0.936 
BxTM 1.20 0.884 0.919 0.978 
BxTM 1.40 0.910 0.955 1.031 
BxTM 1.60 0.939 0.989 1.076 
BxTM 1.80 0.964 1.017 1.110 
0.60 1.00 0.899 0.914 0.937 
0.60 1.20 0.906 0.944 1.009 
0.60 1.40 0.963 1.013 1.102 
0.60 1.60 1.021 1.073 1.166 
0.60 1.80 1.069 1.121 1.213 

Standard Premium = 150,000 
Loss Limit = 30,000 

Retrospective Premium Adequacy* 

Min. MaX. 
Low Severity 

Insured 
Standard 
Insured 

High Severity 
Insured 

BxTM 1.00 0.928 0.952 1.003 
BxTM 1.20 0.930 0.967 1.048 
BxTM 1.40 0.955 0.994 1.089 
BxTM 1.60 0.976 1.016 1.120 
BxTM 1.80 0.993 1.034 1.142 
0.60 1.00 0.933 0.957 1.009 
0.60 1.20 0.954 0.988 1.062 
0.60 1.40 0.991 1.024 1.103 
0.60 1.60 1.022 1.054 1.135 
0.60 1.80 1.045 1.076 1.156 
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EXHIBIT VII 
(CONT.) 

RETROSPECTIVE PREMIUM ADEQUACY FOR PLANS WITH A Loss LIMIT AND 
INADEQUATE EXCESS Loss PREMIUM FACTORS 

Standard Premium = 250,000 
Loss Limit = 50,000 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Min. MaX. Insured Insured Insured 

BxTM 1.00 0.943 0.968 1.028 
BxTM 1.20 0.952 0.982 1.060 
BxTM 1.40 0.972 1.004 1.088 
BxTM 1.60 0.990 1.023 1.110 
BxTM 1.80 1.004 1.038 1.127 
0.60 1.00 0.950 0.974 1.027 
0.60 1.20 0.970 0.996 1.056 
0.60 1.40 1.000 1.024 1.083 
0.60 1.60 1.023 1.045 1.102 
0.60 1.80 1.042 1.063 1.118 
* The parameters for the plans are given in Exhibits II (Table A), III and IV. The Excess 
Loss Premium Factors in Exhibit II (Table A) are multiplied by S. 
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EXHIBIT VIII 

DISTRIBUTION OF RETROSPECTIVE PREMIUM WITH 30,000 Loss LIMIT- 
STANDARD INSURED 

1. Standard Premium 150000 
2. Basic Premium (Excl. Ins. Chg. But Incl. Tax) 21684 
3. Basic Premium (Incl. 0.179 Ins. Chg. and Tax) 53098 
4. Excess Premium Generated by E.L.P.F. (Incl. Tax) 25062 
5. Needed Excess Premium (Incl. Tax) 25062 
6. Minimum Premium (= Line 3) 53098 
7. Maximum Premium (Line 1 x 1.000) 150000 

(1) (2) (3) (4) (5) 
Probability that Losses cost 
Subject Losses Subject To Retrospective Plus Difference 
Are I Co1 (2)* Retro Rating* Premium* * Premium* * * (3) - (4) 

Min 10659 88819 57405 31414 

,005 18287 96447 65033 31414 
.OlO 20942 99102 67688 31414 
.050 30342 108502 77088 31414 
.lOO 37238 115398 83984 31414 
.200 48255 126415 95001 31414 
.300 57966 136126 104712 31414 
.400 66673 144833 113419 31414 
.500 75372 150000 122118 27882 
.600 843 15 150000 131061 18939 
.700 95106 150000 141852 8148 
.800 108743 150000 155489 -5489 
.900 129005 
.950 147786 
.990 184776 
.995 20095 1 

Max 283075 

50000 175751 -2575 1 
50000 194532 -44532 
50000 231522 -8 1522 
50000 247697 - 97697 

50000 329821 - 179821 

* Subject Losses are adjusted to include L.A.E. and Taxes 
** Retrospective Premium = Line 3 + Line 4 + Co1 (2) 

Subject to Minimum and Maximum Premium 
*** Cost Plus Premium = Line 2 + Line 5 + Co1 (2) 
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EXHIBIT IX 

DISTRIBUTION OF RETROSPECTIVE PREMIUM WITH No Loss LIMIT- 
STANDARD INSURED 

1. Standard Premium 150000 
2. Basic Premium (Excl. Ins. Chg. But Incl. Tax) 21684 
3. Basic Premium (Incl. 0.179 Ins. Chg. and Tax) 53098 
4. Excess Premium Generated by E.L.P.F. (Incl. Tax) 0 
5. Needed Excess Premium (Incl. Tax) 0 
6. Minimum Premium (= Line 3) 53098 
7. Maximum Premium (Line 1 X 1 .OOO) 150000 

(1) (2) (3) (4) 
Probability that Losses cost 
Subject Losses Subject To Retrospective Plus 
Are 5 Co1 (2)* Retro Rating* Premium* * Premium* * * 

Min 10659 63757 32343 

.005 18287 71385 3997 1 

.OlO 20942 74040 42626 

.050 30342 83440 52026 

.lOO 37238 90336 58922 

.200 48273 101371 69957 

.300 58668 111766 80352 

.400 69178 122276 90862 

.500 81194 134292 102878 

.600 9458 1 147679 116265 

.700 112488 150000 134172 

.800 140164 150000 161848 
,900 190628 150000 212312 
,950 258305 150000 279989 
.990 532459 150000 554143 
.995 615667 150000 63735 1 

Max 938677 150000 960361 

* Subject Losses are adjusted to include L.A.E. and Taxes 
** Retrospective Premium = Line 3 + Line 4 + Co1 (2) 

Subject to Minimum and Maximum Premium 
I** Cost Plus Premium = Line 2 + Line 5 + Co1 (2) 

(5) 

Difference 
(3) - (4) 

31414 

31414 
31414 
31414 
31414 
31414 
31414 
31414 
31414 
31414 
15828 

-11848 
-623 12 

- 129989 
-404143 
-48735 1 

-810361 
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EXHIBIT X 

INDICATED INSURANCE CHARGES 

Standard Premium = 50,000 
No Loss Limit 

Insurance Charge* 

Min. Max. 
Low Severity Standard High Severity 

Insured Insured Insured 

BxTM 1 .oo 0.230 0.300 0.424 
BxTM 1 .20 0.153 0.219 0.351 
BxTM 1 .40 0.113 0.174 0.305 
BxTM 1 .60 0.089 0.144 0.269 
BxTM 1 .80 0.072 0.123 0.241 
0.60 1 .oo 0.226 0.299 0.424 
0.60 1 .20 0.129 0.195 0.351 
0.60 1 .40 0.071 0.124 0.289 
0.60 1 .60 0.034 0.071 0.224 
0.60 1 .80 0.006 0.029 0.159 

Standard Premium = 
No Loss Limit 

Min. Max. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 
0.60 
0.60 
0.60 
0.60 
0.60 

150,000 

Low Severity 
Insured 

0.118 
0.063 
0.039 
0.026 

Insurance Charge* 

Standard High Severity 
Insured Insured 

0.179 0.303 
0.112 0.217 
0.079 0.168 
0.060 0.135 

.80 0.018 0.047 0.110 

.oo 0.111 0.171 0.300 

.20 0.046 0.087 0.181 

.40 0.017 0.043 0.096 

.60 0.000 0.014 0.031 

.80 -0.012 -0.005 -0.021 
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EXHIBIT X 
(CONT.) 

INDICATEDINSURANCE CHARGES 

Standard Premium = 250,000 
No Loss Limit 

Min. Max. 

Insurance Charge* 

Low Severity Standard High Severity 
Insured Insured Insured 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 1.80 
0.60 1.00 
0.60 1.20 
0.60 1.40 
0.60 1.60 
0.60 1.80 

0.083 0.128 0.234 
0.039 0.073 0.154 
0.021 0.048 0.109 
0.011 0.033 0.080 
0.005 0.023 0.060 
0.079 0.119 0.222 
0.030 0.054 0.107 
0.009 0.021 0.033 

-0.003 0.001 - -0.021 
-0.010 -0.014 - -0.061 

* The parameters for the plan are given in Exhibit IV. 



RETROSPECTIVE RATING 135 

EXHIBIT XI 

INDICATED INSURANCE CHARGES 

Standard Premium = 50,000 
Loss Limit = 10,000 

Min. MaX. 

BxTM 1.00 0.054 0.049 0.032 
BxTM 1.20 0.013 0.012 0.006 
BxTM 1.40 0.003 0.003 0.001 
BxTM 1.60 0.001 0.001 0.000 
BxTM 1.80 0.000 0.000 0.000 
0.60 1.00 0.052 0.049 0.032 
0.60 1.20 0.008 0.009 0.006 
0.60 1.40 -0.004 0.000 0.001 
0.60 1.60 -0.006 -0.003 0.000 
0.60 1.80 -0.007 -0.004 0.000 

Low Severity 
Insured 

Insurance Charge* 

Standard High Severity 
Insured Insured 

Standard Premium = 150,000 
Loss Limit = 30,000 

Insurance Charge* 

Min. 

BxTM 
BxTM 
BxTM 
BxTM 

MaX. 

1.00 
1.20 
1.40 
1.60 

Low Severity Standard High Severity 
Insured Insured Insured 

0.046 0.052 0.045 
0.010 0.013 0.011 
0.002 0.004 0.003 
0.000 0.001 0.001 

BxTM 
0.60 
0.60 
0.60 
0.60 
0.60 

.80 0.000 0.000 0.000 

.oo 0,041 0.047 0.044 

.20 0.002 0.004 0.007 

.40 -0.006 -0.006 -0.003 

.60 -0.008 -0.009 -0.005 

.80 -0.009 -0.010 -0.006 
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EXHIBIT XI 
(CONT.) 

INDICATED INSURANCE CHARGES 

Standard Premium = 250,000 
Loss Limit = 50,000 

Min. Max. 

Insurance Charge* 

Low Severity Standard High Severity 
Insured Insured Insured 

BxTM 1 .oo 0.038 0.044 0.052 
BxTM 1.20 0.007 0.010 0.013 
BxTM 1.40 0.001 0.002 0.004 
BxTM 1.60 0.000 0.000 0.001 
BxTM 1.80 0.000 0.000 0.000 
0.60 1.00 0.035 0.039 0.047 
0.60 1.20 0.002 0.001 0.003 
0.60 1.40 -0.004 -0.007 -0.007 
0.60 1.60 -0.006 -0.009 -0.011 
0.60 1.80 -0.006 -0.010 -0.011 

* The parameters for the plan are given in Exhibits II (Table A) and IV. 
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EXHIBIT XII 

RETROSPECTIVE PREMIUM ADEQUACY FOR ALTERNATE PLAN #l 

Standard Premium = 50,000 
Loss Limit = 10,000 

Min. MaX. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 1.80 
0.60 1.00 
0.60 1.20 
0.60 1.40 
0.60 1.60 
0.60 1.80 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

1.004 1.000 0.983 
1.002 1.000 0.993 
1.001 1.000 0.998 
1.000 1.000 0.999 
1.000 1.000 1.000 
1.002 1.000 0.983 
0.998 1 .ooo 0.997 
0.996 1 .ooo 1.002 
0.996 1 .ooo 1.004 
0.996 1 .ooo 1.006 

Standard Premium = 150,000 
Loss Limit = 30,000 

Min. MaX. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

0.994 1.000 0.994 
0.996 1.000 0.997 
0.998 1.000 0.998 
0.999 1 .ooo 0.999 

BxTM 
0.60 
0.60 
0.60 
0.60 
0.60 

.80 1.000 1.000 1.000 

.oo 0.995 1.000 0.998 

.20 0.998 1.000 1.003 

.40 0.999 1.000 1.003 

.60 1 .OOl 1.000 1.004 

.80 1 .OOl 1.000 1.005 



138 RETROSPECTIVE RATING 

EXHIBIT XII 
(CONT.) 

RETROSPECTIVE PREMIUM ADEQUACY FOR ALTERNATE PLAN #l 

Standard Premium = 250,000 
Loss Limit = 50,000 

Min. MaX. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 1.80 
0.60 1.00 
0.60 1.20 
0.60 1.40 
0.60 1.60 
0.60 1.80 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

0.994 1.000 1.008 
0.997 1.000 1.004 
0.999 1.000 1.002 
1.000 1 .oOO 1.001 
1 .ooo 1.000 1.000 
0.996 1 .ooo 1.007 
1 .OOl 1.000 1.003 
1.003 1.000 1.000 
1.004 1 .ooo 0.998 
1.005 1.000 0.998 

* The insurance charges used are those of the Standard Insured in Exhibit XI. The 
parameters for the plan are given in Exhibits II (Table A) and IV. 
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EXHIBIT XIII 

RETROSPECTIVE PREMIUM ADEQUACY FOR ALTERNATE PLAN #2 

Standard Premium = 50,000 
Loss Limit = (2,000 : 20,000) 

Min. Max. 
Insurance 
Charge* 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

BxTM 1.00 0.055 0.999 
BxTM 1.20 0.015 0.999 
BxTM 1.40 0.005 0.999 
BxTM 1.60 0.001 1 .ooo 
BxTM 1.80 0.000 1.001 
0.60 1.00 0.055 0.998 
0.60 1.20 0.014 0.996 
0.60 1.40 0.002 0.997 
0.60 1.60 -0.002 0.998 
0.60 1.80 -0.003 0.998 

Standard Premium = 150,000 
Loss Limit = (5,000 : 60,000) 

Min. Max. 
Insurance 
Charge* 

BxTM 1.00 0.046 
BxTM 1.20 0.012 
BxTM 1.40 0.003 
BxTM 1.60 0.001 
BxTM 1.80 0.000 
0.60 1.00 0.043 
0.60 1.20 0.006 
0.60 1.40 -0.003 
0.60 1.60 -0.005 
0.60 1.80 -0.006 

1 .ooo 0.992 
1 .oOO 0.997 
1 .ooo 0.998 
1.000 1 .ooo 
1.000 1 .ooo 
1.000 0.992 
1 .oOO 0.998 
1 .ooo 1.002 
1 .ooo 1.004 
1 .ooo 1.004 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

0.992 1 .ooo 1.007 
0.994 1 .ooo 
0.998 1 .ooo 
0.999 1 .ooo 
1 .ooo 1 .ooo 
0.993 1 .ooo 
0.997 1 .ooo 
1 .ooo 1.000 

.003 

.002 

.ooo 

.ooo 

.008 

.006 

.003 
1 .ooo 1 .ooo 1.001 
1.001 1.000 1 .OOl 
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EXHIBIT XIII 
(CONT.) 

RETROSPECTIVE PREMIUM ADEQUACY FOR ALTERNATE PLAN #2 

Standard Premium = 250,000 
Loss Limit = (10,000 : 100,000) 

Retrospective Premium Adequacy* 

Min. Max. 

BxTM 1.00 
BxTM 1.20 
BxTM 1.40 
BxTM 1.60 
BxTM 1.80 
0.60 1.00 
0.60 1.20 
0.60 1.40 
0.60 1.60 
0.60 1.80 

Insurance 
Charge* 

0.039 
0.008 
0.002 
0.000 
0.000 
0.036 
0.003 

-0.004 
-0.006 
-0.006 

Low Severity 
Insured 

Standard 
Insured 

0.993 1 .ooo 
0.997 1 .ooo 
0.999 1 .ooo 
1.000 1 .ooo 
1.000 1 .ooo 
0.994 1 .ooo 
1 .ooo 1 .ooo 
1.002 1 .ooo 
1.003 1 .ooo 
1.003 1 .ooo 

High Severity 
Insured 

1.014 
1.009 
1.003 
1.002 
1 .ooo 
1.013 
1.005 
1 .ooo 
0.998 
0.997 

* The parameters for the plan are given in Exhibits II (Table B) and IV. 
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EXHIBIT XIV 

RETROSPECTIVE PREMIUM ADEQUACY FOR ALTERNATE PLAN #3 

Standard Premium = 50,000 
Loss Limit = (10,000 : 20,000) 

Insurance 
Min. Max. Charge* - - 

BxTM 
BxTM 
BxTM 
BxTM 
BxTM 
0.60 
0.60 
0.60 
0.60 
0.60 

1 .oo 0.078 
1 .20 0.026 
1 .40 0.010 
1 .60 0.004 
1 .80 0.001 
1 .oo 0.077 
1 .20 0.019 
1 .40 0.001 
1 .60 -0.008 
1 .80 -0.011 

Retrospective Premium Adequacy* 

Low Severity Standard High Severity 
Insured Insured Insured 

1 .ooo 1 .ooo 0.987 
0.999 1.000 0.992 
0.998 1 .ooo 0.995 
0.999 1.000 0.997 
1 .ooo 1 .ooo 1 .ooo 
0.998 1.000 0.988 
0.995 1 .ooo 1 .ooo 
0.995 1 .ooo 1.009 
0.996 1 .ooo 1.012 
0.996 1.000 1.014 

Standard Premium = 150,000 
Loss Limit = (30,000 : 60,000) 

Retrospective Premium Adequacy* 

Min. Max. 
Insurance 
Charge* 

Low Severity 
Insured 

Standard 
Insured 

High Severity 
Insured 

BxTM 1.00 0.071 0.989 1.000 1.004 
BxTM 1.20 0.022 0.992 1 .ooo 1.004 
BxTM 1.40 0.008 0.995 1 .ooo 1.001 
BxTM 1.60 0.003 0.998 1.000 1 .ooo 
BxTM 1.80 0.001 0.999 1 .ooo 1 .ooo 
0.60 1.00 0.064 0.991 1.000 1.007 
0.60 1.20 0.008 0.997 1 .ooo 1.004 
0.60 1.40 -0.009 1.001 1 .ooo 1.002 
0.60 1.60 -0.014 1.003 1 .ooo 0.999 
0.60 1.80 -0.016 1.004 1.000 0.999 
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EXHIBIT XIV 
(CONT.) 

RETROSPECTIVE PREMIUM ADEQUACY FOR ALTERNATE PLAN #3 

Standard Premium = 250,000 
Loss Limit = (50,000 : 100,000) 

Retrospective Premium Adequacy* 

Insurance Low Severity Standard High Severity 
Min. Max. Charge* Insured Insured Insured - __ 

BxTM 
BxTM 
BxTM 
BxTM 
BxTM 
0.60 
0.60 
0.60 
0.60 
0.60 

1 .oo 0.058 0.980 
1.20 0.016 0.995 
1.40 0.005 0.997 
1.60 0.001 1 .ooo 
1.80 0.000 1 .ooo 
1 .oo 0.05 1 0.994 
1.20 0.004 1 .OOl 
1.40 -0.009 1.005 
1.60 -0.013 1.007 
1.80 -0.014 1.007 

1 .ooo 1.019 
1 .ooo 1.013 
1 .ooo 1.006 
1 .ooo 1.003 
1 .ooo 1.002 
1 .ooo 1.014 
1 .ooo 1.003 
1 .ooo 0.996 
1 .ooo 0.992 
1.000 0.991 

* The parameters for the plan are given in Exhibits II (Table B) and IV 
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EXHIBIT XV 

MULTI-EXPOSURE INSURED 
Standard Premium for: High Severity Exposure = 150,000 

Standard Exposure = 50,000 
Low Severity Exposure = 50,000 

Total 250,000 

TABLE A 

Indicated Insurance Charge* 

Min. Max. No Loss Limit 50,000 Loss Limit 

BxTM 1.00 0.183 0.047 
BxTM 1.20 0.115 0.011 
BxTM 1.40 0.080 0.002 
BxTM 1.60 0.057 0.000 
BxTM 1.80 0.042 0.000 
0.60 1.00 0.175 0.044 
0.60 1.20 0.086 0.003 
0.60 1.40 0.033 -0.006 
0.60 1.60 -0.002 -0.009 
0.60 1.80 -0.028 -0.009 

TABLE B 

Loss Limit = 50,000 

Min. Max. Insurance Charge* * 
BxTM 1.00 0.044 
BxTM 1.20 0.010 
BxTM 1.40 0.002 
BxTM 1.60 0.000 
BxTM 1.80 0.000 
0.60 1.00 0.039 
0.60 1.20 0.001 
0.60 1.40 -0.007 
0.60 1.60 -0.009 
0.60 1.80 -0.010 

Retrospective Premium 
Adequacy* 

1 .OOl 
1 .ooo 
1.000 
1 .ooo 
0.999 
1 .OOl 
1.001 
0.999 
0.999 
0.999 

* The parameters for the plan are given in Exhibits II (Table A) and IV. 
** From Exhibit XI. 
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GENERAL LIABILITY RATEMAKING: AN UPDATE 

MICHAEL F. McMANUS 

In the fourteen years since Jeffrey T. Lange wrote “General Liability In- 
surance Ratemaking,” (1) the insurance industry has experienced a period of 
significant social and economic inflation. This has been evidenced by spiralling 
insurance claim costs, as well as by a rapidly growing number of claims, 
brought by an increasingly claims conscious public. The impact on the various 
General Liability lines of insurance has been a dramatic change in industry 
profitability, which in turn has presented severe challenges to the ratemaker. 

Considering the turbulence of this fourteen year period, the adjustments that 
have been made to the actuarial methodology described by Lange have not been 
major, but they have served to improve the accuracy of the overall rate level 
calculation. The purpose of this paper is to present a summary of the adjustments 
that have been made in the basic limits ratemaking methodology and the reasons 
for their introduction. Recent revisions in increased limits ratemaking method- 
ology are beyond the scope of this paper but are fully described in Robert S. 
Miccolis’s paper “On the Theory of Increased Limits and Excess of Loss 
Pricing.” (2) 

Lange’s excellent explanation of the general problems presented to the 
actuary by the various sublines and how the ratemaking methodology resolves 
them, especially with regard to classification ratemaking, should be read before 
reviewing the technical adjustments described in this paper. The methodology 
described is that of Insurance Services Office (ISO), which compiles ratemaking 
data and files rates for the great majority of General Liability insurers in the 
United States. The changes outlined in this paper were developed by ISO’s 
Commercial Casualty Actuarial Subcommittee (CCAS) and its successor sub- 
committee, the General Liability Actuarial Subcommittee (GLAS), during the 
1970’s. 

Before considering these changes, a review of the premium growth that has 
occurred in General Liability will help put the significance of ISO’s General 
Liability ratemaking procedures into perspective. 
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Premium Growth 

In 1966, according to Best’s Executive Data Service, written premiums for 
General Liability (including Medical Malpractice) amounted to $1.2 billion, 
representing 5.7% of total Property/Casualty written premiums in the United 
States. By 1978, written premiums (including Medical Malpractice) had soared 
to $9.1 billion, comprising 11.2% of the industry’s total writings. 

On an individual risk basis, the rapid growth in the average premium that 
has resulted from the significant basic and increased limits rate increases imple- 
mented during this period has also made the application of experience rating 
plans much more frequent. As a result, their soundness has become more critical 
to overall industry profitability. While the technical adjustments that have been 
made to the General Liability Experience and Schedule Rating Plan are beyond 
the scope of this paper, the reader should be aware that significant revisions 
have been made to the plan, including higher premium eligibility requirements, 
introduction of trend and loss development factors, and revision of D-Ratios 
(3). In addition, the technical off-balance (the percentage difference between 
the actual charged premium-including Experience and Schedule Rating debits 
and credits-and the premium collectible at manual rate level) that existed in 
the plans was accommodated in the expected loss ratio. The impact of these 
changes on the actual premiums collected by the industry should not be under- 
estimated, since as much as 75% of General Liability premiums are eligible for 
experience rating (4). 

The adjustments made by IS0 to the ratemaking procedures are described 
in the balance of this paper in two sections: 

1. A description of general ratemaking adjustments that affect all General 
Liability sublines, and 

2. An outline of specific adjustments that were made to the ratemaking 
process for each subline. 

GENERAL RATEMAKING ADJUSTMENTS 

De$nition of Basic Limits 

One of the first responses to the impact of inflation on General Liability 
ratemaking was the revision of the definition of basic limits for Bodily Injury 
(BI) coverages. Effective January 1, 1973, BI manual rates were revised to 
reflect a limit of $25,000 per occurrence, instead of the previous $5,000 per 



146 LIABILITY RATEMAKING 

person and $10,000 per accident. Similarly, manual rates for Professional Lia- 
bility sublines were adjusted to limits of $25,000 per claim and $75,000 in 
annual aggregate from the previous limits of $5,000 per person and $15,000 
aggregate. In both cases, revised manual rates were determined by multiplying 
the prior basic limit rates, by state and class, by the appropriate increased limits 
factors. 

The major motivation for the change in basic limits was the small number 
of insureds buying limits less than $25,000 as a result of the eroding effect of 
inflation on liability claim costs. A further consideration in the Professional 
Liability sublines was the fact that average paid claim costs were approaching 
$3,000, when all payments were limited to the $5,000 basic limit. As an 
increasing number of claims penetrated the basic limit, the impact of basic limits 
ratemaking by state was being surpassed by that of countrywide increased limits 
ratemaking. At the time, this was not yet a significant concern for the other 
General Liability sublines. 

From a ratemaking viewpoint, the effect of the adjustment of $5,000 manual 
rates to a $25,000 basis was to allow basic limits rates by state and class to 
reflect to a greater extent the different claim severity levels that existed from 
state to state and from class to class. This occurred because the countrywide 
increased limits factor previously used to adjust $5,000 manual rates to a 
$25,000 basis was effectively reevaluated by state and by class. Since ratemak- 
ing data by state and class being reviewed at the time was actually reprocessed 
to determine losses up to $25,000 per occurrence, excess of $5,000, this 
reevaluation had a prompt impact. 

The impact on this loss experience of the small number of insureds that had 
purchased limits less than $25,000 was also approximated after an examination 
of current policy limits distributions by subline. The average increased limits 
factor for those insureds purchasing limits less than $25,000 was applied to 
those reported incurred losses insured with limits above $5,000 but below 
$25,000. The CCAS felt this adjustment would reasonably approximate the 
increase in reported losses had all insureds been required to purchase limits of 
at least $25,000. 

The change in basic limits, as well as other elements, necessitated adjust- 
ments to General Liability loss development and trend procedures; these ad- 
justments are discussed in the next two sections. 
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Loss Development 

Adjustments to the General Liability loss development procedure became 
necessary because of 

1. The increased number, and dollar impact, of liability claims subject to 
lengthy litigation, and 

2. The increasingly liberal interpretations of various aspects of tort law, 
e.g., statutes of limitation, by the courts (5). 

Also, as noted in Robert J. Finger’s article “Estimating Pure Premiums by 
Layer-An Approach” (6), there is a theoretical problem in using data limited 
to a fixed dollar amount to calculate loss development factors because the value 
of the fixed limit, expressed in constant dollars, is changing over time due to 
the impact of inflation on insurance claim costs. 

In the past, policy year loss development for General Liability (excluding 
Medical Malpractice) was measured by state and class up to 39 months of 
maturity; further development was measured on a countrywide basis by subline 
(with no class detail) up to 63 months of maturity, which was considered to be 
an ultimate evaluation for all practical purposes. 

As the observed countrywide developments beyond 39 months became more 
and more significant, the CCAS decided in 1974 to begin accumulating actual 
loss development by state and class beyond 39 months. Although countrywide 
loss development factors are still used for the non-Professional sublines, detailed 
loss development data is now available up to 111 months of maturity for 
Products Liability and is being compiled up to 123 months of maturity for all 
General Liability sublines, because of increased concern about the magnitude 
of the development “tail” in recent years. The importance of loss development 
in Medical Malpractice experience has long been recognized, and the period of 
measurement has been extended gradually from 7.5 months in the late 1960’s to 
135 months of maturity at the present time (see Exhibit 1). 

In a number of cases, notably for the Property Damage Liability coverages, 
no development data beyond 39 months had been compiled. While extended 
development histories were being compiled, a procedure was used which as- 
sumed development beyond the last observed development interval to be equal 
to development in that last interval. Thus if a development factor of 1.02 has 
been observed between 27 and 39 months, that same factor is used to develop 
losses from 39 months to ultimate. The propriety of this approximation proce- 
dure was substantiated by actual extended developments (75 months and sub- 
sequent) available for Medical Malpractice (see Exhibit 1). 
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Trend Factors (7) 

As might be expected, the effects of social and economic inflation on 
General Liability claim costs have necessitated significant changes to the trend- 
ing procedures. Until 1974, the procedure outlined by Benbrook (8) was fol- 
lowed: calendar year average paid claim costs were fitted to a straight line of 
best fit, using the least squares methodology, and the trend was calculated as 
the average annual dollar change in the average fitted cost (the slope) divided 
by the midpoint of the fitted line. 

Of course this procedure effectively implied that trend was decreasing on a 
percentage basis, since a fixed dollar amount, the slope, was related to a 
constantly increasing base. Therefore, in 1974, at the peak of an inflationary 
period, ISO’s Actuarial Committee decided that the procedure should be revised 
to replace the least squares straight line with a least squares exponential curve 
of best fit (9), which produces a constant annual percent change between each 
pair of fitted values (10). This procedure was expected to provide a much more 
realistic measurement of the effects of inflation on insurance loss costs, and is 
the procedure still in use at this time. -_ 

A further problem resulted from the fact that, in times of changing claim 
frequency, using calendar year average paid claim cost to measure severity trend 
for liability lines is theoretically improper. This is because the significant time 
lag between occurrence and settlement of liability claims will produce a mix of 
small and large claims that will be paid in any given calendar year period. More 
severe claims are usually subject to litigation and will frequently take several 
years to be settled. As long as claim frequency is unchanging, the mix of claims 
remains relatively constant from year to year, and there is no problem. When 
claim frequency is increasing, however, an undue proportion of low valued, 
easily settled claims will be included in the most recent experience, distorting 
the average claim cost. This very phenomenon was observed by the CCAS in 
the calendar year average paid claim cost data for Medical Malpractice for 
calendar years 1974 and 1975, as shown in Exhibit 2. While all indications at 
that time pointed to rapidly rising claim costs, actual calendar year average paid 
claim costs were decreasing. Further study showed that this was caused by the 
problem described above. A theoretical model presented to the CCAS to more 
fully describe this problem is included here as an Appendix. 

This situation was resolved in 1976 when the CCAS decided to measure 
severity trend for General Liability sublines using policy year incurred claim 
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cost data rather than calendar year paid data. This procedure offers the following 
advantages over the prior methodology: 

1. Policy year incurred claim costs present a more current indication of 
severity trends, since the most recent point includes only claims incurred 
in the most recent policy year, not claims incurred long ago and paid 
recently. 

2. The distortion caused by changing claim frequencies is eliminated, since 
average costs are determined by the claims incurred in a given policy 
year, not by those that happen to be paid in a given calendar year. 

The CCAS recognized that the introduction of outstanding losses into the 
trend procedure necessitated the application of loss development factors to 
obtain average severities for each policy year at comparable levels of maturity. 
While this does introduce some complexity into the procedure, the advantage 
of being able to use current outstanding losses was felt to overshadow this 
additional complexity. Any changes in individual company claim reserving 
practices were assumed to be negligible when experience was compiled on an 
industrywide basis. The CCAS also felt that the impact of this adjustment would 
be significant only for the most recent policy year or two. 

While the change from calendar year to policy year data was being consid- 
ered, detailed data by subline were reviewed, on both a paid and incurred basis. 
Significant differences between the magnitude of, and the rate of change in, 
average claim costs by subline were observed. Exhibit 3 details a comparison 
of these differences. 

Until the time of this procedural change, separate trends had been calculated 
for all Professional Liability sublines combined, for Products Liability (when a 
trend procedure was initiated for that subline), and for all other sublines com- 
bined (based on calendar year average paid claim cost data combined for all 
sublines other than Professional and Products Liability). Because of the observed 
differences in trends between sublines, the CCAS decided that, coincident with 
the change to policy year incurred trend, the base for measuring trend would 
also be changed to reflect the experience of each individual subline. 

One final revision was necessitated by the change to policy year incurred 
trend factors. Calendar year average paid claim cost data had been compiled on 
a semiannual basis and then, beginning in 1974, on a quarterly basis; these data 
were then combined so that the latest twelve overlapping quarterly year-ended 
points were used to calculate the trend. Since policy year data were available 
only for annual periods, the number of points to be used in the calculation 
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needed to be reconsidered. Based on a judgmental consideration relative to the 
desired degree of responsiveness and stability, the CCAS decided to use six 
policy years for all sublines except Professional Liability, where a trend based 
on eight policy years was believed to be more appropriate because of greater 
volatility in the average claim costs. 

All of the above discussion has addressed the measurement of severity 
trends. Historically the measurement of frequency trend for General Liability 
sublines has been difficult because of the multiplicity of exposure bases used. 
In 1975, however, a claim frequency trend procedure for the Professional 
Liability sublines was developed: claim frequency trend was measured by sub- 
line on a policy year incurred basis after developing incurred claim counts to an 
ultimate reported value. 

Claim frequencies for other sublines are now reviewed using premium at 
present rates as the denominator (adjusted to current exposure levels where 
necessary) to avoid the problem of multiple exposure bases. At this time, 
frequency trend has not been reflected in any other IS0 General Liability filing 
because the frequencies have appeared to be fairly constant. 

Classijcations 

One other general area that has experienced significant revisions in the 
1970’s is that of General Liability classifications. The scope of these changes 
is discussed in this section. In general the approach described by Lange for 
determining General Liability classification rates is still in effect, although the 
procedure for Products Liability has recently been revised. 

A significant change was made to the classifications themselves, effective 
January 1, 1974, when 5-digit Industrial Classification Codes (ICC’s) replaced 
the prior 4-digit codes. This change was intended to allow the collection of 
more refined statistical experience by class. It had been observed in several 
instances that, as tort liability concepts expanded rapidly in the late 1960’s 
and early 1970’s, many exposures of a quite dissimilar nature were listed under 
the same class code. The 5-digit ICC System was selected to provide compati- 
bility with liability data collected under the Commercial Risk Statistical Plan, 
which applied to most package business, and to allow the comparison of insur- 
ance statistics to statistics published by the Federal Government in ICC detail. 

The expansion of the number of classes was most significant in the Manu- 
facturers and Contractors subline, where the number of classes jumped from 
192 to 498. The number of Owners, Landlords, and Tenants classes grew more 
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modestly from 264 to 324. Classifications in the Products Liability Manual were 
extensively revised shortly after the introduction of the ICC System (effective 
May 29, 1974), creating classes for many newly developed products, so that a 
comparison of the number of classes before and after this change is not appro- 
priate for this subline. 

As several years of experience become available on the expanded class 
basis, improvements in the accuracy of General Liability class rates should 
become apparent. 

OTHER DEVELOPMENTS 

In addition to these general changes, there have been several other specific 
changes introduced by IS0 for the individual General Liability sublines. This 
section describes these changes. 

Owners, Landlords, and Tenants Liability 

The procedure outlined by Lange for OL&T Bodily Injury ratemaking is 
still used today with the exception of the general changes described above and 
two other minor changes. 

The number of class groups included in the statewide experience review 
increased to thirteen with the addition of the Hotel-Motel classifications. These 
classes were previously separately reviewed and filed. In 1971 the CCAS 
determined that they could be incorporated readily into the procedure used for 
the other twelve groups. 

The second change affects the statewide rate level calculation in states with 
less than full credibility. The prior procedure, as described by Lange, had been 
to apply the complement of the state’s credibility to the expected loss ratio 
(ELR) in such states. Of course this is equivalent to applying the complement 
of the credibility to no change in rate level. In times of rapidly rising costs, this 
procedure severely slowed movement towards an adequate rate level. In 1975, 
therefore, the CCAS adjusted the procedure; the ELR is now trended from the 
effective date of the last rate revision, or from the date of the last review if no 
revision was filed at that time. Thus, in the extreme example, if a state’s 
experience had no credibility, rates would be adjusted by the overall trend since 
the last revision. Exhibit 4 provides an example of the new procedure. 

Manufacturers and Contractors Liability 

The unique three-way credibility weighting procedure suggested by Lange 
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has proven to be a methodology capable of handling the great diversity of 
exposure among M&C classifications, many of which can be accorded only low 
credibility. 

There have been modest changes in the way statewide rate levels have been 
determined. The few smaller states that were previously grouped together have 
been individually reviewed since 1973. The calculation of the trended ELR to 
which the complement of the state’s credibility is assigned in low-credibility 
states was introduced in M&C as in OL&T. Also, as premium volume has 
grown steadily, the number of states with territorial rates has increased to 5; 
California, Florida, Illinois and Pennsylvania now are divided into rating terri- 
tories in addition to New York. 

A trend procedure was introduced for M&C in 1973, as increases in the 
severity of M&C claims were observed to exceed the increases in the exposure 
base, payroll. Previously severity trend and payroll trend were assumed to be 
equal. M&C severity trends are calculated in the manner described above (see 
also Exhibit 3), while payrolls are adjusted to the current level based on 
movements in the average wages of manufacturing and contract construction 
workers, as published by the Bureau of Labor Statistics. Exhibit 5 shows how 
this information is compiled. 

An improvement in the exposure trending procedure was introduced in 1977. 
The observed difference between the average wage level for each policy year 
and the latest published wage level is used to adjust experience to current level. 
Trend beyond the latest point is based on the usual exponential extrapolation 
approach. Exhibit 5 displays the details of these calculations. 

One other significant revision to M&C ratemaking has been necessitated by 
the gradual movement to an unlimited payroll basis of exposure. Non-executive 
payrolls were originally limited to $100 per week; this cap has gradually been 
increased in recognition of inflation’s impact on average wage levels. In most 
states, the limitation was raised to $300 in the early 1970’s and eliminated 
entirely in recent years. 

Since these changes paralleled similar changes in the Workers’ Compensa- 
tion exposure definition, detailed state-by-state wage information collected by 
the National Council on Compensation Insurance has been used to adjust manual 
rates to reflect the new definition of payroll. Since the change from a $100 limit 
to a $300 limit was of the greatest significance, adjustments were usually 

determined by classification. The adjustment from $300 to unlimited payrolls 

had a much smaller impact (two to three percent) and was usually assumed to 
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be the same for all classes in the state. Exhibit 6 provides an example of the 
procedure used by the National Council to calculate payroll offset factors. 

Products Liability 

The rapid increases in filed Products Liability rate levels in 1975 and 1976 
were largely based on the procedure outlined in Lange’s paper, with the addition 
of a trend procedure similar in approach to that outlined for M&C. Products 
exposures (sales or receipts for most classes) were adjusted using Consumer 
Price Index data for Commodities, which was found to represent a mix of 
products reasonably approximating that found in Products Liability Insurance 
data. This finding was made by the GLAS (11) following a review of the 
distribution of Products Liability premium for each major CPI Commodities 
component: food, apparel, other non-durables, durables, and all other. Elimi- 
nation of the “all other” category produced the following comparison: 

Other 
Food Apparel Non-Durables Durables - - 

CPI Commodities Index 37.9% 12.5% 24.0% 25.6% 
IS0 Products Data 38.9 7.3 18.6 35.1 

The GLAS felt these two sets of weights were sufficiently similar to permit the 
use of an unadjusted CPI Commodities index to measure Products Liability 
exposure trend. 

As mentioned earlier, an extensive revision to the classifications in the 
Products Liability Manual was introduced in 1974. The main reasons for this 
revision were: 

1. To create classifications for many newly developed products for which 
no current classification existed, and 

2. To refine many existing classifications which were considered to be too 
broad in scope in the existing liability climate. 

This classification revision presented severe challenges to the ratemaking 
process since experience was available only for the prior classifications, which 
in many cases were significantly different than the new classes. A careful 
mapping of new and old class codes was performed, and as much of the 
historical data as possible was used in subsequent rate reviews. For the newly 
erected classifications, manual rates, which were judgmentally established in 
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most cases, were adjusted by the overall trend factors as experience was com- 
piled under the new class definitions. 

The ratemaking procedure discussed here only applies to manually rated 
classifications, which account for less than one-half the total monoline Products 
Liability premium volume. The remaining classifications are (a) rated, which 
means that the rate is judgmentally determined after the insurer evaluates the 
specific characteristics of the ind.ividual risk. While (a) rated classifications exist 
in every General Liability subline, they are of overall minor importance, except 
in the Products Liability subline. This is due to the extreme variation in Products 
Liability exposure that can be presented by two different manufacturers of the 
same product, and to variations in the relationship of current sales to sales in 
prior years. Given two manufacturers making the same durable product and 
having roughly the same volume of current sales, the insurer’s exposure would 
be significantly different for a firm which had been making the product for 20 
years than for a firm which had been manufacturing it only in recent years. This 
is because coverage is provided for all occurrences in the current policy year, 
regardless of when the product involved in the occurrence was manufactured. 

With the heightened interest in Products Liability in recent years, the clas- 
sification ratemaking procedure mentioned by Lange has been carefully studied. 
A revised procedure recently filed groups classifications by average pure pre- 
mium and average claim size, within type of activity: manufacturing, contract 
construction, and wholesale and retail sales. The credibility procedure has also 
been revised to utilize a number of credibility tables, with the observed variation 
in loss ratio and claim severity determining the credibility table to be used; the 
former procedure used the 683 claim credibility standard for all classes. 

Professional Liability 

The rapid escalation in the cost and frequency of Professional Liability 
claims in the 1970’s has made the Professional Liability sublines a more sig- 
nificant and much more visible piece of General Liability, so much so that they 
have been shown separately in the Annual Statement since 1975. 

The overall rate level calculation procedure for the two major sublines, 
Hospitals, and Physicians, Surgeons and Dentists, was significantly revised by 
the GLAS in 1977 after careful study. It was first decided to change the basis 
of the rate level calculation from a 30%-70% weighting of the two latest policy 
years (which had been adopted from other General Liability sublines in the early 
1970’s) to an averaging of the three latest policy years. This was done to achieve 
greater stability in rate level indications. 
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The extreme lags between accident, report, and settlement dates for these 
sublines has long made the loss development procedure an extremely critical 
part of the ratemaking process. After analyzing loss development data by state, 
it became apparent to the GLAS that the use of countrywide loss development 
factors was inappropriate in many states. Since very few states had sufficient 
volume to allow using statewide loss development factors, each state was 
assigned to one of three groups of states for loss development purposes, based 
on the observed magnitude of the historical loss development factors. The 
general pattern of these groupings was such that the more urban, litigious states 
had the most significant loss development, while the more rural states showed 
very modest loss development. Examples of the relative magnitudes of devel- 
opment factors in these three groupings are shown in Exhibit 7. 

The third major change was the shift to the policy year incurred severity 
trend procedure outlined earlier. The combined effect of these three changes 
has begun to result in more reasonable and stable rate level indications in many 
low credibility states. 

There have been several other refinements made in each of the Professional 
Liability sublines; these are outlined below: 

1. Physicians, Surgeons, and Dentists: Major expansions in classification 
codes were introduced in 1968 (mainly in the surgical area) and in 1976 
(largely in the physicians area, where individual specialty codes were 
established) in order to provide a more precise measurement of insurance 
exposure. Dentists were incorporated into the overall Physicians and 
Surgeons review in 1976, in response to the extreme credibility problems 
that persisted for these classes. Dentists’ rates are now related to the 
Physicians’ rates in each state. 

2. Hospitals: By 1973, the immunity status enjoyed by charitable hospitals, 
which was mentioned by Lange, had been overturned essentially in every 
state, either by legislative action or by judicial precedent. As a result, 
charitable hospitals’ rates as well as for-profit hospitals’ rates have been 
determined by state for some time. 

An additional revision to the Hospital Professional ratemaking pro- 
cedure was introduced in 1975. Premiums generated by additional inter- 
ests added to Hospital policies-employed doctors, nurses, technicians, 
maintenance employees, etc.-had become increasingly significant. AS 

the loss potential for this coverage varied widely from hospital to hos- 
pital, the premium was (a) rated. Since all additional premiums were 
reported under one class code, with no exposure, the CCAS decided to 



156 LIABILITY RATEMAKING 

incorporate this experience into the review by increasing premium at 
present rates for manually rated classes by the percentage of total Hospital 
Professional premiums represented by additional interest premiums. This 
procedure is illustrated in Exhibit 8. Losses reported under the additional 
interest class code are also included in the review. 

3. Druggists: Rates for Druggists have been established on a countrywide 
basis since 1975, as experience for the previous two groups of states 
indicated no significant difference between the two groups. In addition, 
the basis for determining premiums was changed. In the past premiums 
were determined based on receipts, if receipts were greater than $100,000 
per year, or else on a flat charge basis. The flat charge approach was 
discontinued in 1975, as very few risks were being written on this basis. 

Special Multi-peril Policy Program 

The Commercial Risks Statistical Plan was introduced in 1969 to collect 
ratemaking data on commercial package policies. While time revealed a number 
of problems with its design, particularly with regard to individual classification 
data, liability experience collected under CRSP has been used since 1975 to 
review the package discounts from monoline rate levels. 

CRSP data for each of ISO’s SMP Programs in each state is reviewed, after 
premiums are adjusted to current monoline rate levels. After reflection of SMP 
expense requirements and the effect of using rating plans, an indicated package 
discount by program is calculated. This indicated discount is compared to the 
current discount factor and a revised package discount factor selected. An 
example of these calculations for the SMP Motel/Hotel program is shown in 
Exhibit 9. This procedure has allowed the ratemaking process to reflect the 
differences between monoline and package experience, 

FUTURE CHALLENGES 

It should be clear from the foregoing that Lange’s concluding comment that 
“General Liability ratemaking procedures are in a constant state of flux” (12) 
has proven to be very true. While the changes discussed in this paper have 
certainly improved the accuracy of General Liability ratemaking procedures, 
there are still significant areas needing further research and study. 

Probably the largest single challenge ahead is that presented by the future 
availability of monoline and package General Liability data in compatible detail, 
as provided by the Commercial Statistical Plan, which became effective January 
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1, 1979. While discussion has already begun on whether (and how) to use 
package liability data in monoline ratemaking, it seems reasonably evident at 
this point that a final decision will not, and probably should not, be made until 
actual CSP data is available for analysis. Since this decision will likely affect 
the manner in which Commercial Package Policies are rated, underwritten, and 
marketed in the 1980’s, very careful consideration of all implications of the 
decision is vital. 

A second area of major importance is the ratemaking implications of the 
proposed consolidation of the various General Liability sublines (excluding 
Products Liability) into one policy and one rate, with a single, uniform, inflation- 
sensitive exposure base for each area of operation. Preliminary work on various 
aspects of this project is still underway; if, however, this approach is imple- 
mented, the importance of pricing the consolidation accurately initially and 
adjusting current ratemaking procedures to review the consolidation cannot be 
overemphasized. The resultant elimination of sublines will reduce the credibility 
problems that exist today, since losses will have to be assigned only to a 
particular operation, rather than to a particular coverage for that operation. This 
problem has been particularly chronic for the Contractual and Owners’ or 
Contractors’ Protective sublines. Shifting to an inflation-sensitive exposure base 
has the obvious advantage of keeping premiums up-to-date without the necessity 
of frequent rate filings. 

Other areas requiring further work include developing reports to review 
experience written on both occurrence and claims-made policy forms; this is 
most critical for the Professional Liability sublines. The outlined changes in the 
Professional Liability area, namely grouping states for loss development and 
reviewing the appropriateness of the 30%-70% weighting of the latest two 
policy years for all states, should also be evaluated for possible use in other 
sublines. 

In the area of trend, possible use of econometric procedures should continue 
to be explored, in order to develop a more responsive measurement of expected 
changes in loss levels. 

One thing is clear: General Liability ratemaking procedures will continue to 
change in the years to come. 
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APPENDIX 

Model Illustrating the Impact of a Rapid tncrease in Claim Frequency on 
Calendar Year Average Paid Claim Cost” 

Claim frequency has increased rapidly for Medical Professional Liability 
insurance since 1972. This analysis considers the impact of claim frequency 
changes on average paid claim cost. 

We make the following assumptions: 

1. Policy year average incurred claim cost increases at a constant annual 
percentage rate d. 

2. Claim frequency is constant for most of the period used to compute trend 
factors. During the latter portion of this period, it increases rapidly. 
Assume this increase is due to an increase in claims rather than to a 
decrease in exposures. 

3. The increment in claims in recent years has a claim size distribution 
similar to the one which would have been observed had claim frequency 
remained constant. 

The increase in claim frequency during recent years should not affect policy 
year average incurred claim cost; if other conditions remain unchanged, policy 
year average incurred claim cost will continue to increase at the annual rate d. 

As long as claim frequency is constant and settlement procedures remain 
unchanged, calendar year average paid claim cost will increase at rate d. When 
claim frequency increases, a disproportionately large number of small claims 
from this increment in claims will be included in the immediate evaluations of 
calendar year average paid claim cost data. The large claims will take time to 
settle and will be included in future evaluations of average paid claim cost data 
because smaller claims are settled more quickly than larger claims. 

The fact that an unusually large number of small claims will be included 
quickly in the calendar year paid claim cost data will lead to smaller values of 
average paid claim cost than would have been calculated if claim frequency had 
remained constant. The slope of the average paid claim cost curve will decrease, 
leading to an indicated average annual change in average paid claim cost which 
is smaller than d. Since policy year average incurred claim cost is still increasing 
at a rate of d, use of calendar year paid claim cost data to calculate trend factors 
would produce an inadequate rate level. 

* This model was presented to ISO’s Commercial Casualty Actuarial Subcommittee in a mailing 
dated September 22, 1976 and was originally prepared by Robert Bear of ISO. 
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As an illustration of the problem cited above, assume that the policy year 
1972 average incurred claim cost was $10,000. Assume that only the following 
two types of claims occur: small claims with incurred claim cost of $1,000 in 
1972, and large claims with incurred claim cost of $20,000 in 1972. Incurred 
claim costs for both small and large claims are increasing at the constant rate 
of 10% per year. Assume the number of exposures remains constant throughout 
while the number of claims remains constant until 1974; in 1974, the number 
of claims increases 30%; the number of claims remains constant thereafter. 
Consequently, claim frequency is constant before 1974, increases 30% in 1974, 
and remains constant thereafter. Assume that small claims are settled immedi- 
ately and that large claims take four years to settle; no loss development occurs. 
Finally, assume that the proportion of small and large claims remain constant 
from year to year. 

Based on the 1972 average claim cost of $10,000, the proportion of large 
claims can be obtained by solving the following equation: 

$20,000 x + (1 - X) 1000 = 10,000 
x = .474 

Consequently, 47.4% of all claims occurring in any policy year are large claims 
and 52.6% are small claims. 

Let C denote the total number of claims occurring in any year prior to 1974. 
The total paid loss in calendar year 1972 is obtained by adding the costs of 
small claims occurring in 1972 to the incurred costs of large claims occurring 
in 1968: 

Calendar year 1972 losses = $1,000 (.526C) + $20,000 (1. 1)-4 (.474C) 

= $526C + $6474.97C 

= $7000.97C 

Thus, the average paid claim cost in 1972 is $7,000.97. 

The total paid claim cost for 1973 is obtained by adding the costs of small 
claims occurring in 1973 to the incurred costs of large claims occurring in 1969 
(and settled in 1973): 

Calendar year 1973 losses = $1100 (526C) + $20,000 (l.l)-” (.474C) 

= $7701.06C; 

the average paid claim cost for 1973 is $7701.06. 
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In policy year 1974, the total number of claims is 1.3C. The total paid cost 
for calendar year 1974 is obtained by adding the costs of the .526 (1.3C) small 
claims occurring in 1974 to the incurred costs of the .474C large claims which 
occurred in 1970 and were settled in 1974: 

Calendar year 1974 losses = $1210 (.526) (1.3C) + $20,000 (l.l)-* (.474C) 

= $8,662.llC 

The average paid claim cost for 1974 is $8,662.11C/l.l578C = $7481.53. 
While average paid claim cost increases 10% from calendar year 1972 to 1973, 
it decreases 2.9% from calendar year 1973 to 1974. This drop is due solely to 
the jump in claim frequency in 1974 which results in a disproportionately large 
number of small claims being included in the paid claim cost data of 1974. 

Values for average paid claim cost for succeeding calendar years are cal- 
culated similarly and are given in the table below, along with the annual changes 
in average paid claim cost. 

Calendar Year Average Paid Claim Cost Percentage Increase 

1975 8,229.68 10.0% 
1976 9,052.64 10.0 
1977 9,957.91 10.0 
1978 12,402.64 24.6 
1979 13,642.91 10.0 
1980 15,007.20 10.0 

Notice that average paid claim cost increases 24.6% from 1977 to 1978 due 
to the impact of the large number of big claims incurred in 1974 which are 
settled in 1978. Note also that average paid claim cost increases from 1972 to 
1980 by a factor of (l.l)*. Hence, average paid claim cost increases at an 
average annual rate of 10% from 1972 to 1980. However, the jump in claim 
frequency in 1974 produces a decrease in average paid claim cost in 1974 and 
a large increase in average paid claim cost in 1978. If only average paid claim 
cost data through 1974 or 1975 were used to compute an average annual change 
in average paid claim cost, the result would be significantly smaller than 10%. 



Policy Year 
Ending 

12/31/66 
I Z/3 I I67 
12/31/68 
12/31/69 
12/31/70 
12/31/71 
12/31/72 
12/31/73 
12/31/74 
l2/31/75 
12/31/76 

I I I Months 123 Months I35 Months 
___ ___ - 

l4,515.504 l4,725,212 
17,834,379 18,304,244 18,379,627 
21,682,255 21,981,105 22,236.520 
25,271,738 25,067,665 
30,626,180 

Policy Year 
Ending 

21,070,637 
24.409,798 25.079,556 

29so4.055 29,968,671 30.839.537 
37.693,694 37,329,634 38.096,613 37,222,908 

49.654.899 55,410,098 55,758,64X 56,378,770 
55642,854 67,215,009 71,322.486 71,466.950 

43.796.302 16,6lI,689 95.590,512 92,353,039 
55,543,924 91,469,239 103,138,770 
4 I .626,398 63.260.930 

Ratios 

39:27 51:39 63:5l 75~63 87:75 W87 
- - ___ - - - 

I 2/3 I/66 
12/31/67 
12/31/68 
12/31/69 
I2/3 1170 
12/31/71 
12/31/72 
12/31/73 
12/31/74 
12/31/75 
12/31/76 

1.027 
I.016 1.029 

,990 I.021 ,977 
I.@36 I.011 
1.002 

Ill:99 l23:lll 135123 
- ~ - 

I.014 
I.026 I.004 

1.029 I.014 I.012 
I.008 ,992 

,993 

I.116 
1.208 1.061 

1.749 1.248 ,964 
I.647 I.128 
I.520 

3 Year Mean I.639 I.195 I.048 ,999 1.016 I.011 I.010 I.011 I.010 

Policy Year 
Ending 

12/31/73 
l2/3 I I74 
12/31/75 
12/31/76 
12/31/77 

27 to 39 391051 51 to63 63 to 75 75 to 87 87 to 99 99 to Ill Ill to 123 123 to 135 FaCtor 
- - ___ - __ ___ - ___ ___ 

1.016 I.011 I.010 I.011 I.010 1.059 
,999 I.016 I.011 I.010 I.011 1.010 1.058 

I.048 ,999 I.016 I.011 I.010 I.011 I.010 I.109 
I.195 I.048 ,999 I.016 I.011 I.010 I.011 I.010 1.325 

1.639 I.195 1.048 ,999 1.016 I .Ol I 1.010 I.011 I.010 2.172 

COUNTRYWIDE Loss DEVELOPMENT 

PHYSICIANS, SURGEONS & DENTISTS-PROFESSIONAL LIABILITY INSURANCE 

Basic Limits Incurred Losses and Allocated Loss Adjustment Expense as of: 

EXHIBIT 1 E 

27 Months 39 Months 51 Months 63 Months 75 Months 87 Months 99 Months 
- __ ___ - - - 

Source: insurance Services Office; includes all reporting companies 
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EXHIBIT 1 
continued 

COMPARISON OF COUNTRYWIDE Loss DEVELOPMENT FACTORS 

PHYSICIANS, SURGEONS & DENTISTS PROFESSIONAL LIABILITY INSURANCE 

Interval 

75 to 87 

Development 
Factor 

1.016 

Interval 

87 to 135 

Development 
Factor 

1.042 

87 to 99 1.011 99 to 135 1.031 

99 to 111 1.010 111 to 135 1.021 

111 to 123 1.011 123 to 135 1.010 
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EXHIBIT 2 

CALCULATION OF ANNUAL TREND FACTOR BASED ON AVERAGE PAID CLAIM 
COST DATA 

GENERAL LIABILITY INSURANCE 
PROFESSIONAL LIABILITY 

BASIC LIMITS BODILY INJURY 

(1) (2) 

Twelve $25,000 
Months Basic Limits 
Ended Paid Losses* 

6/30/70 $26,132,901 6,780 $3,854 $4,020.78 
12/31/70 29,271,828 7,067 4,142 4,149.37 
613017 1 3 1,650,272 7,537 4,199 4,282.07 

12/31/71 32,746,397 7,354 4,453 4,419.01 
6130172 34,684,486 7,367 4,708 4,560.33 

12131172 38,736,177 8,135 4,762 4,706.18 
6130173 44,783,802 8,958 4,999 4,856.68 

12131173 50,130,236 9,475 5,291 5,012.OO 
6130174 55,000,735 10,183 5,401 5,172.29 
9130174 58,759,022 11,139 5,275 5,254.34 

12/31/74 63,290,907 12,316 5,139 5,337.70 
3131175 65,740,318 13,133 5,006 5,422.38 

(3) (4) (5) 
Average Paid Claim Cost 

Number of Actual 
Paid Claims (2) + (3) 

Exponential 
Curve of 
Best Fit 

Average Annual Paid Claim Cost Trend Factor 
[$4,282.07 + $4,020.78]. . . . . . . . . . . . . . . . . . . . 1.065 

* Excluding all loss adjustment expense. 
Source: Insurance Services Office; includes all reporting companies. 
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EXHIBIT 3 
Part 1 

COMPARISON OF AVERAGE ANNUAL TREND FACTORS 
PAID vs. INCURRED 

GENERAL LIABILITY INSURANCE 

Subline Paid* Incurred* 

See 
Exhibit 3 

Part 

OL&T-Bodily Injury, Basic Limits 
OL&T-Bodily Injury, Total Limits 
OL&T-Property Damage, Basic Limits 
M&C-Bodily Injury, Basic Limits 
M&C-Bodily Injury, Total Limits 
M&C-Property Damage, Basic Limits 
M&C-Property Damage, Total Limits 
General Liability excluding Products 

and Professional-Bodily Injury 
Basic Limits 
Total Limits 

General Liability-Property Damage 
Basic Limits 
Total Limits 

1.131 
1.159 

- 
1.076 
1.102 
1.109 
1.119 

1.147 
1.186 

1.121 
1.167 

1.102 2 
1.124 - 
1.108 3 
1.118 4 
1.175 - 
1.093 5 
1.103 - 

- 
- 

- 
- 

6 
- 

7 
- 

* Paid trend factors are based on an exponential least squares fit of the 12 quarterly year 
ended average paid claim cost data points through March 3 1, 1976. Incurred trend factors 
reflect a similar fit applied to the average ultimate incurred claim costs for policy years 
1970-1974, evaluated as of March 31, 1975. 
Source: Insurance Services Office 
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EXHIBIT 3 
Part2 

CALCULATION OF ANNUAL TREND FACTOR BASED ON INCURRED CLAIM COST 
DATA 

GENERAL LIABILITY INSURANCE 
OWNERS, LANDLORDS & TENANTS 

BASIC LIMITS BODILY INJURY 

(1) (2) (3) 

Policy Basic Limits Number of 
Year Incurred Incurred 

Ending Losses* Claims* * 

12/31/70 $ 86,168,004 62,234 
12131171 91,968,722 59,696 
12/31/72 110,828,095 69,533 
12131173 109,756,890 61,003 
1213 l/74 111,756,464 53,656 

(4) (5) 
Average Incurred Claim Cost 

Actual 
(2) + (3) 

Exponential 
Curve of 
Best Fit 

$1,385 $1,370.09 
1,541 1,509.81 
1,594 1,663.77 
1,799 1,833.42 
2,083 2,020.38 

Average Annual Incurred Claim Cost Trend Factor 
(2,020.38 + 1,833.42). _. . . . . . . . . . . . . . . . . . 1.102 

* Including all loss adjustment expense and developed to an ultimate settlement basis. 
* * As of 39 months. 
Source: Insurance Services Office 
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EXHIBIT 3 
Part3 

CALCULATION OF ANNUAL TREND FACTOR BASED ON INCURRED CLAIM COST 
DATA 

GENERAL LIABILITY INSURANCE 
OWNERS, LANDLORDS & TENANTS 
BASIC LIMITS PROPERTY DAMAGE 

(1) (2) (3) (4) (5) 
Average Incurred Claim Cost 

Policy Basic Limits 
Year Incurred 

Ending Losses* 

Number of 
Incurred 
Claims * * 

Actual 
(2) f (3) 

Exponential 
Curve of 
Best Fit 

1213 l/70 $11,154,844 29,972 $372 $376.08 
12131171 12,692,026 29,144 435 416.79 
12131172 15,620,690 35,450 441 461.90 
12131173 18,902,315 36,597 516 511.90 
12/3 l/74 20,691,387 36,236 571 567.31 

Average Annual Incurred Claim Cost Trend Factor 
(567.31 t 511.90). . . . . . . . . . . . . . . . . . . . 1.108 

* Including all loss adjustment expense and developed to an ultimate settlement basis. 
** As of 39 months. 
Source: Insurance Services Office 
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EXHIBIT 3 
Part4 

CALCULATION OF ANNUAL TREND FACTOR BASED ON INCURRED CLAIM COST 
DATA 

GENERAL LIABILITY INSURANCE 
MANUFACTURERS AND CONTRACTORS 

BASIC LIMITS BODILY INJURY 

(1) (2) 

Policy Basic Limits 
Year Incurred 

Ending Losses* 

12/31/70 
12/31/71 
12/3 l/72 
12/3 l/73 
12/31/74 

$ 70,429,232 19,553 
73,480,091 18,026 
96,626,729 20,507 

101,668,362 20,026 
111,899,044 19,841 

(3) 

Number of 
Incurred 
Claims* * 

(4) (5) 
Average Incurred Claim Cost 

Actual 
(2) + (3) 

Exponential 
Curve of 
Best Fit 

$3,602 $3,650.94 
4,076 4,082.16 
4,712 4,564.30 
5,077 5,103.38 
5,640 5,706.14 

Average Annual Incurred Claim Cost Trend Factor 
(5,706.14 + 5,103.38) . . . . . . . . . . . . . . . . . . . . 1.118 

* Including all loss adjustment expense and developed to an ultimate settlement basis. 
** As of 39 months. 
Source: Insurance Services Office 
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EXHIBIT 3 
Part5 

CALCULATION OF ANNUAL TREND FACTOR BASED ON INCURRED CLAIM COST 
DATA 

GENERAL LIABILITY INSURANCE 
MANUFACTURERS AND CONTRACTORS 

BASIC LIMITS PROPERTY DAMAGE 

(1) (2) (3) (4) (5) 
Average Incurred Claim Cost 

Policy Basic Limits 
Year Incurred 

Ending Losses * 

Number of 
Incurred 
Claims* * 

Actual 
(2) + (3) 

Exponential 
Curve of 
Best Fit 

12/31/70 $39,108,952 99,876 $392 $397.94 
12/31/71 39,377,197 88,825 443 434.86 
1213 l/72 49,375,642 102,400 482 475.20 
1213 l/73 55,979,114 110,408 507 5 19.29 
12/3 l/74 62,467,019 109,376 571 567.46 

Average Annual Incurred Claim Cost Trend Factor 
(567.46 + 519.29). . . . . . . . . . . . . . . . . , . . 1.093 

* Including all loss adjustment expense and developed to an ultimate settlement basis. 
** As of 39 months. 
Source: Insurance Services Office 
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EXHIBIT 3 
Part6 

CALCULATION OF ANNUAL TREND FACTOR BASED ON AVERAGE PAID CLAIM 
COST DATA 

GENERAL LIABILITY INSURANCE 
ALL SUBLINES COMBINED EXCLUDING PROFESSIONAL & PRODUCTS LIABILITY 

BASIC LIMITS BODILY INJURY 

(1) (2) (3) 

Calendar $25,000 Number 
Year Basic Limits of Paid 

Ending Paid Losses* Claims 

6130172 $218,785,402 170,590 
12131172 228,390,998 172,958 
6130173 246,497,863 171,315 

12/31/73 262,432,437 172,434 
6130174 258,890,150 163,442 
9130174 266,634,243 161,270 

12/3 l/74 264,654,012 153,195 
3131175 280,023,470 152,924 
6130175 279,295,068 144,922 
9130175 278,496,210 139,359 

12131175 284,878,602 139,439 
3131176 273,230,393 132,522 

Average Annual Paid Claim Cost Trend Factor 

(4) (5) 
Average Paid Claim Cost 

Actual 
(2) f (3) 

Exponential 
Curve of 
Best Fit 

$1,283 1,245.80 
1,320 1,334.44 
1,439 1,429.38 
1,522 1,531.08 
1,584 1,640.Ol 
1,653 1,697.35 
1,728 1,756.70 
1,831 1,818.12 
1,927 1,881.68 
1,998 1,947.47 
2,043 2,015.56 
2,062 2,086.03 

(1429.38 + 1245.80). . . . . . . . . . . . . . . . . . . . 1.147 

* Excluding all loss adjustment expense. 
Source: Insumace Services Office; includes all reporting companies. 
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EXHIBIT 3 
Part 7 

CALCULATION OF ANNUAL TREND FACTOR BASED ON AVERAGE PAID CLAIM 
COST DATA 

GENERAL LIABILITY INSURANCE 
ALL GENERAL LIABILITY SUBLINES 
BASIC LIMITS PROPERTY DAMAGE 

(1) (2) (3) 

Calendar $25,000 Number 
Year Basic Limits of Paid 

Ending Paid Losses* Claims 

6130172 $58,363,769 172,951 
12131172 62,715,239 178,270 
6130173 65,786,611 180,767 

12131173 75,846,823 197,276 
6130174 81,688,134 198,132 
9130174 83,660,568 196,596 

12131174 84,083,615 190,021 
3/31/75 86,187,381 189,820 
6130175 84,569,339 180,688 
9130175 80,774,492 167,576 

1213 l/75 77,123,228 155,584 
313 l/76 74,060,660 146,952 

(4) (5) 
Average Paid Claim Cost 

Actual 
(2) f (3) 

Exponential 
Curve of 
Best Fit 

$337 330.51 
352 349.90 
364 370.42 
384 392.15 
412 415.16 
426 427.16 
442 439.51 
454 452.22 
468 465.30 
482 478.75 
496 492.59 
504 506.83 

Average Annual Paid Claim Cost Trend Factor 
(370.42 + 330.51). . . . . . . . . . . . . . . . . . . 1.121 

* Excluding all loss adjustment expense. 
Source: Insurnace Services Office; includes all reporting companies. 
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EXHIBIT 4 

DEVELOPMENT OF STATEWIDE RATE LEVEL CHANGE 

OWNERS, LANDLORDS AND TENANTS BODILY INJURY LIABILITY INSURANCE 

(1) 

Policy 
Year 

Ending 

12131176 
12/31/77 

PREMISES AND OPERATIONS (SUBLINE CODES 314 & 326) 
CLASS GROUPS 1-13 

MAINE (18) 

(2) (3) 
$25,000 $25,000 

Basic Limits Basic Limits 
Earned Premium Incurred 
at Present Rates Losses* 

$1,807,819 $1,586,273 
1,890,592 1,345,680 

(4) 

Number 
of 

Claims 

302 
337 

(5) 
Loss and Loss 

Adjustment 
Ratio 

(3) f (2) 

.877 

.712 

(6) Weighted Loss and Loss Adjustment Ratio at Present 
Rates (30% of Policy Year Ended 12/31/76 and 70% of 
Policy Year Ended 12/3 l/77) . . . . . . . . . . . . . . . . . . . . . . . 

(7) Expected Loss and Loss Adjustment Ratio . . . . . . . . . . _ . . 
(8) Credibility Based on Latest Two Years’ Number of 

Claims . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
(9) Indicated Rate Level Change 

.762 

.570 

.90 

{[(6) X (S)] + [(l .OOO - (8)) X (7) X trend factor **I} 
+ (7) 1.314 

(10) Selected Statewide Rate Level Change . . . . . . . . . . . . . . . . +31.4% 

* Including all loss adjustment expense and developed to an ultimate basis. In addition, 
policy year losses have been trended from the average date of coverage to one year 
beyond an anticipated effective date of August 1, 1979. Actual loss severity trend as 
measured in Exhibit 3, was applied exponentially to bring losses to an October 1, 1978 
level. In anticipation of positive effects that might be brought about by the voluntary 
Anti-Inflation Program, a reduced trend factor was selected to exponentially project 
losses beyond this date. 
** Trends the expected loss ratio from one year after the last review or filing effective 
date to one year beyond an anticipated effective date of August 1, 1979, again reducing 
the trend from October 1, 1978 in anticipation of effects of the Anti-Inflation Program. 
Source: Insurance Services Office; includes all reporting companies. 



(1) 

Quarter 
Ending 

6130176 
9130176 

1213 1 I76 
3131177 
6130177 
9130177 

12/31/77 
313 1 I78 
6130178 
9130178 

12/31/78 
3131179 

CALCULATION OF AVERAGE ANNUAL CHANGE IN WAGE LEVELS 

MANUFACTURERS & CONTRACTORS LIABILITY INSURANCE 

(2) 
Manufacturing 

Production 
Actual* 

(3) 

(2) x .181** 

(4) 
Contract 

Construction 
Actual* 

(5) (6) 

(4) x .819** (3) + (5) 

266.54 
275.35 
280.83 
271.78 
281.86 
288.25 
290.60 
280.00 
303.20 
3 16.47 
318.00 
309.77 

205.75 37.24 279.97 229.30 
211.33 38.25 289.50 237.10 
217.45 39.36 294.83 241.47 
218.53 39.55 283.55 232.23 
226.57 41 .Ol 294.08 240.85 
231.04 41.82 300.89 246.43 
239.23 43.30 301.95 247.30 
237.74 43.03 289.34 236.97 
246.04 44.53 315.84 258.67 
251.04 45.44 330.93 271.03 
261.80 47.39 330.41 270.61 
262.76 47.56 320.16 262.21 

Average yearly change . . . . . . . . . . . . . . . . . . . 1.062 

’ Source: Monthly Labor Review & Bureau of Labor Statistics 
* * Weights obtained from total collected premium. 
Source: Insurance Services Office 

EXHIBIT 5 
Part 1 

(7) 
Exponential 

Curve of 
Best Fit 

266.64 
270.70 
274.82 
279.00 
283.25 
287.56 
291.94 
296.38 
300.89 
305.47 
310.12 
314.84 
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EXHIBIT 5 
Part 2 

CALCULATION OF ANNUAL WAGE OFFSET FACTOR 

MANUFACTURERS & CONTRACTORS LIABILITY 

Policy Year Average 
(1) Average wage level Ending Wage Level* 

12/31/73 216.24 
12131174 229.73 
12/3 l/75 244.29 
12/31/76 261.36 
12131177 276.92 

(2) Average value as of 2/15/79** = 309.77 

(3) Indexing of policy year 1972-1976 to current (2115179) level 

Policy Year Index 
Ending (2) f (1) 

12131173 1.433 
12131174 1.348 
12/31/75 1.268 
12/31/76 1.185 
12131177 1.119 

(4) Premium Trend: Trend from policy year to one year beyond anticipated 
effective date of 2/l/80. 

Policy Year 
Ending 

12/31/73 
12/31/74 
12131175 
12/31/76 
12131177 

Premium Trend 

1.433 x (1.062)‘.y58 = 1.612 
1.348 x (1.062)‘.g58 = 1.516 
1.268 x (1 ,062)‘~g58 = 1.426 
1.185 x (1.062)1,“S8 = 1.333 
1.119 x (1.062)‘.“58 = 1.259 

* Source: Bureau of Labor Statistics 
** Source: Monthly Labor Review 



code 
No. - 

(1) 
Exec. 
officer 
payI011 

ooo5 11,707 
ocw 7 1,729 
OQO8 0 
0030 18,194 
0034 8,675 

0035 23,280 
0042 13,517 
0050 0 
0059 0 
0106 12,600 

0251 14,800 
0400 0 
0401 0 
1164 0 
1320 34,410 

1322 114,703 
1430 0 
1452 0 
1463 0 
1473 0 

1624 0 
1642 0 
1701 0 
1703 0 
1803 4,880 

1852 0 
2001 0 
2002 0 
2003 147,265 
2014 58,500 

2021 0 
2022 86,994 
2039 50,700 
2041 16,800 
2065 0 

2070 42.027 
2081 0 
2089 5 I ,773 
2095 24,500 
2105 0 

12) 
No. of 

officers 

1 
117 

0 
3 
3 

3 
2 
0 
0 
1 

2 
0 
0 
0 
5 

9 
0 
0 
0 
0 

0 
0 
0 
0 
1 

0 
0 
0 

19 
4 

0 
9 
5 
3 
0 

4 

: 
2 
0 
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EXHIBIT 6 

DETERMINATION OF UNLIMITED PAYROLL OFFSET FACTORS 
SPECIAL STUDY FOR POLICY YEAR l-l-70 TO 12-31-70 

LOUISIANA* 

(3) (4) (5) 
Total Pay- PayroU 
roll Above Subject to 
Limitation Limitation 

(6) 
Other 

PayrOll (5) +3F+ (511 

40,077 5 1,784 
380,997 452,726 

0 0 
208,895 227,089 
76,152 84,827 

2,158,006 
12.039.809 

76.730 
8,785;275 
I.376363 

,977 
,964 

l.ooo 
,975 
,942 

23,989 47,269 264,066 .848 
159,696 173,213 1,822,llO ,913 

10,731 10,73 I 210,837 ,952 
5,793 5,793 294,374 ,981 

41,887 54,487 1,024,188 ,949 

57,935 72,735 677,048 903 
66,947 66,941 347,700 .839 
=,946 26,946 758,874 ,966 

168,706 168,706 646,817 .793 
5,036,097 5,070,507 12.191.513 ,706 

1,878,835 I ,993,538 3,535,564 
2,140 2,140 24,974 

17,645 17,645 114,098 
301,778 301,778 l~X3.563 

16.962 16,962 175,190 

,639 
,921 
.866 
,776 
,912 

3,177 
39,259 
33,187 

0 
34,204 

3,177 
39,259 
33,187 

39.0: 

177,716 ,982 
81,391 .675 
34,774 ,512 
29,783 1.ooo 

208,725 ,842 

0 0 2.099.743 l.oao 
25,826 25,826 229,667 ,899 
54,126 54,126 436,8 12 ,890 

5,692.519 5.839.784 11,047,536 ,654 
352,842 411,342 2.870.271 .875 

1,421,772 15121,772 3.159.213 ,690 
1,333,643 1,420,637 6,521,614 ,821 

504,647 555,347 1,610,256 ,744 
68,856 85.656 1,338,650 ,940 

3,425 3,425 37.999 ,917 

1.848.092 1.890.119 5.977.108 ,760 
270,936 270,936 1.011.983 ,789 
88,641 140,414 1.497.740 ,914 

642,933 667,433 1.978.314 ,748 
0 0 21,635 1.ooo 



EXHIBIT 7 
Part 1 

PROFESSIONAL LIABILITY INSURANCE Loss DEVELOPMENT 

PHYSICIANS, SURGEONS & DENTISTS 
(STATES WITH Low DEVELOPMENT)* 



EXHIBIT 7 
Part2 

PROFESSIONAL LIABILITY INSURANCE Loss DEVELOPMENT 

PHYSICIANS, SURGEONS & DENTISTS 
(STATES WITH MEDIUM DEVELOPMENT)* 



EXHIBIT7 
Part3 
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EXHIBIT 8 

DEVELOPMENT OF PREMIUM AT PRESENT RATES 
(INCLUDING ADDITIONAL INTERESTS) 

HOSPITAL PROFESSIONAL LIABILITY INSURANCE 
NEW JERSEY 

(1) 

Policy 
Year 

1974 
1975 
1976 

Total 

(2) 
Additional 
Interests 

Collected Premium 

$ 339,130 
466,527 
950,267 

$1,755,924 

(1) (5) 

$25175 Premium 
Policy at Present Rates- 
Year Rated Classes 

1974 $5,783,630 
1975 7,797,548 
1976 3,670,085* 

* Mostly claims-made experience. 
Source: Insurance Services Office 

(3) 
Collected 
Premiums 

For Rated Classes 

(4) 

Ratio 
(2) + (3) 

$ 1,619,212 .209 
2,161,940 .216 
6,662,552 .143 

$10,443,704 .168 

(6) 

Additional 
Interest Factor 

(7) 
$25175 Premium 

at Present Rates- 
All Classes 
(5) x (6) 

1.143 $6,610,689 
1.143 8,912,597 
1.143 4,194,907 
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EXHIBIT 9 

CALCULATION OF REVISED SMP PACKAGE PROGRAM DISCOUNTS 

SMP POLICY PROGRAM 
MOTEL/HOTEL PROGRAM 

INDIANA 

(1) 

Line of 
Business 

Adjusted SMP Loss and 
Loss Adjustment 

Ratio 

Fire 0.186 
Extended Coverage 0.593 
Casualty Other Than 

Automobile 1.091 

(3) Weighted Total SMP Program Loss and Loss 
Adjustment Ratio: Total ((1) X (2)) 

(4) Current Program Discount Complement 
(5) Expected Loss and Loss Adjustment Ratio 
(6) Revised SMP Package Program Discount 

1.00 - ((3) x (4)/(5)) 
(7) Factor to Adjust For Use of Rating Plans 
(8) Revised Discount Including Rating Plan Effects 

1 .OO - [(7) x (1.00 - (6))] 
(9) Selected SMP Package Program Discount 

* Statewide 
Source: Insurance Services Office 

(2) 

1977 Adjusted Earned 
Premium Weight* 

.461 

.055 

.484 

0.646 

0.80 
0.570 
9.3% 

0.92 
16.6% 

15.0% 
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IMPLICATIONS OF SALES AS AN EXPOSURE BASE FOR PRODUCTS 
LIABILITY 

STEPHEN W. PHILBRICK 

In Dorweiler’s classic article, “Notes On Exposure and Premium Bases,” 
he defines the term exposure as follows: 

When critical conditions and injurable objects exist in such relationship that ac- 
cidents may result there is said to be exposure. The term critical conditions is 
intended to cover, rather broadly, the presence of or the absence of anything, 
objective or subjective, generally external to the injurable object, which contrib- 
utes to the accident frequency and/or the accident severity.’ 

This somewhat intangible concept will be referred to in the remainder of the 
paper as the “true exposure.” It is obviously important to select an exposure 
medium which will accurately measure the true exposure. The selected medium 
is called “the premium basis”’ by Dorweiler, and will be called the exposure 
base or exposure units in this paper. Dorweiler suggests two criteria for the 
determination of a good choice of an exposure medium: 

1. Magnitude of Medium should vary with hazard. 

2. The Medium should be practical and preferably already in use3 

Thus, payroll is a good measure of exposure for workers’ compensation insur- 
ance since, for a given classification, higher payroll tends to indicate higher 
expected losses, and since payroll information is relatively easy to obtain. 

Finally, Dorweiler states that “the hazard varies directly with the product 
of the three variables: critical conditions, injurable objects, and period of 
time.” 4 The differing premium rates for different classifications within a line 
of insurance are recognition of the critical conditions variable while the other 
two variables are reflected in the exposure base. Thus, beds, doctors, cars and 
units are the oft-used but short-hand versions of the more technically correct 
bed-years, doctor-years, car-years, or unit-years. The partition of payroll into 
a quantity and a temporal variable is less obvious, but payroll can be viewed 

f P. Dorweiler, “Notes on Exposure and Premium Bases,” PCAS WI11 (1971), p. 59. 
’ Ibid., p. 60. 
a Ibid., p. 61. 
’ Ibid., p. 59. 
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either as a wage rate multiplied by length of time worked, or as a surrogate for 
person-hours or person-years. While the existence of a time component is 
necessary for most exposure bases, there are exceptions. Generally, these ex- 
ceptions involve a single use or consumption, so that for fillings (propane tanks) 
or blood donations or food products, there is not really a time component. 

The dominant exposure base for products liability insurance, dollars of sales, 
cannot easily be decomposed into the injurable objects and time components. 
Yet many products classifications which use sales as an exposure base do not 
fall into the above exception classes. This paper will explore the implications 
of using sales as an exposure base. Sales can be thought of as the product of the 
number of ,units sold and the average price per unit; in order to simplify the 
discussion, we will assume the price per unit is fixed, so that total sales and 
number of units sold can be used interchangeably. 

The products liability policy as considered in this paper covers occurrences 
during the policy period. Occurrences are not limited to those resulting from 
products manufactured during the current policy period but rather could result 
from any products still in existence. Hence, the true exposure is more accurately 
a function of total sales to date, less “expired” products, where expired means 
consumed, destroyed, or otherwise disposed of. Although this measure would be 
a preferable exposure base from the standpoint of the first of Dorweiler’s two 
criteria, since it more closely varies with the hazard, it has not been considered 
a practical medium since the information is not generally readily available. 
Sales data for the current year are more easily obtainable and are thus the 
preferred exposure base. 

It will be helpful to examine the relationship between current year sales and 
products in use. For a product with a very short lifetime (e.g. batteries), the 
total number of units in use is small relative to the number of units sold during 
the year. At the other extreme, the number of drill presses in use is far in excess 
of the number sold in the current year. It should be clear that the ratio of true 
exposure to current year sales depends on the distribution of the lifetime of the 
product, and generally increases with the length of the expected lifetime. It also 
depends on the length of time that the company has been in business, as will 
be seen later. 

The following crude example with overly restrictive assumptions shows the 
main implications of the use of sales as an exposure base; a slightly more refined 
model will be used to draw conclusions. 
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Consider the Widget Manufacturing Company, on which we impose the 
following assumptions: 

1. The company’s first year of operation is year 0. 
2. The company’s final year of operation is year 6. 
3. All widgets are produced at the beginning of the year and have a lifetime 

of exactly 4 years. 
4. The potential for a claim-producing occurrence is constant over the 

lifetime of the widget. 
5. No inflation occurs (either in the cost of the widgets or in the size of the 

claims). 
6. There are other companies producing widgets; the total number of widg- 

ets sold by the industry each year is constant and has been constant since 
at least four years prior to the first year of data used in the ratemaking 
calculations. 

7. The products liability insurance rate (based on the experience of the 
entire widget industry and traditional insurance ratemaking procedures) 
is $1 per widget sold. Although this rate includes only the loss cost 
portion of the premium, it will be referred to as “the premium.” 

8. The company sells 100 widgets each year. 

Based on these assumptions, Table 1 shows the life cycle of the widgets 
produced by this company. 

TABLE 1 

WIDGET MANUFACTURING COMPANY 
PRODU(;TS LIABILITY EXPOSURES AND PREMIUM 

Calendar Year 

0 

Year of Manufacture 0100 
1 
2 
3 
4 
5 
6 

True Exposure* 100 
Calendar Year Widgets Sold 100 
Premium Charged* * 100 
“Correct” Premium** 25 

*Total number of widgets in existence. 
**In dollars; see text for discussion. 

1 

x0 
100 

200 
100 
100 
50 

2 

100 
100 
100 

300 
100 
100 
75 

3 

xl 
100 
100 
100 

400 
100 
100 
100 

4 
- 

100 
100 
100 
100 

400 
100 
100 
100 

5 6 7 8 9 - ---- 

100 
100 
100 
100 

400 
100 
100 
100 

100 
100 100 
100 100 100 
100 100 100 100 
400 300 200 100 
100 0 0 0 
100 0 0 0 
100 75 50 25 
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The rows on Table 1 show how many of the widgets produced in a year 
were in use at various points in time; the columns display the total number of 
widgets in use during each calendar year. For each of the calendar years 3, 4, 
and 5, the number of true exposure units is 400, equal to the life of the product 
multiplied by annual number sold. This formula is valid (under the given 
assumptions) for all years in a steady-state situation (i.e., not including “start- 
up” years or “tail” years). The exposures used in the premium calculation 
(number sold) will then be one-fourth of the true exposures in all steady-state 
years. However, since the calculation of the insurance rate from the steady-state 
industry experience also uses the sales exposure base, the published rate applied 
to sales produces the appropriate premium in all steady-state years. (Note that 
this depends on the assumption regarding the level industry exposures.) In the 
years following cessation of production, there should be a premium charge 
equal to the steady state premium times .75, .50 and .25, for the first, second 
and third subsequent years, respectively. Equally important, it is clear that the 
start-up years should receive a premium reduction. The “correct” premiums 
are shown in Table 1 as the product of the true exposures and the true rate of 
$.25 per true exposure. This has several implications for current rating metho- 
dologies. It is apparent that it is appropriate to charge a premium following 
cessation of production, but under the given assumptions this premium is exactly 
equal to the premium credit that shozdd have been given when the company 
began production. Hence, an insuring company covering the Widget Manufac- 
turing Company’s entire lifetime of production would receive the same total 
dollars under either rating system, but would receive them earlier under the 
present system. Under the given assumptions the only difference between the 
two methods, albeit a significant one, is investment income. 

The situation is analogous to that of claims-made professional liability 
coverage. Some of the similarities are: 

1. A claims-made policy covers a report year, claims reported during the 
current year based on the present and all prior occurrence years; a 
products policy covers an occurrence year, which consists of present 
year occurrences arising from the present and all prior “manufacturing” 
years. 

2. A claims-made policy is incomplete in the sense that additional coverage 
is necessary beyond the expiration of the policy, even if the insured 
ceases practice. This is the so-called “occurrence tail,” consisting of 
incurred claims that have not yet been reported (“made”). Occurrence 
coverage for products liability is incomplete in the sense that additional 
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coverage is necessary beyond the expiration of the policy, even if the 
insured ceases production. This “tail” consists of the occurrences arising 
in the future from products that have not yet expired. 

3. The early claims-made years have a lower premium because there are 
fewer insured incidents from prior years than there are in a mature 
claims-made year. The early years of a products exposure should have 
a lower premium because there are fewer existing products in use than 
in a “mature” products year. 

Now that the basic concepts have been covered, a more refined model will 
be constructed to examine the implications further. The discussion will make 
use of the following definitions: 

Firm: A single insured, producing a single product. When a company 
makes products falling into differing classifications, the company 
will be considered as the sum of various firms. 

Product: The output of a firm. Classifications for ratemaking will be assumed 
to consist of a single product, insofar as loss-producing potential and 
useful lifetimes are concerned. 

Industry: All firms producing a given product. The industry can be viewed as 
the sum over all firms producing that product, or as the sum over all 
insurance companies for that particular classification. 

Let f(t) be the probability that a product expires exactly t years after being 
produced. 

Define F(t) = 
I 

‘f(s)ds 
0 

(1) 

The function F(t) represents the proportion of products that expire within t years 
after production. 

Define G(t) = 1 - F(t) (2) 

The function G(t) represents the proportion of products that are still in use t 
years after production. This function defines the distribution of the lifetime of 
the product. 

Define H(a, b) as the true exposure in the time interval (a, b) arising from 
production of a single unit at time t = 0. The true exposure is equal to the 
product of the length of time and the average number of products in use. The 
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interval (a, b) has length b - a, and the average number of products in use can 
be easily calculated: 

I 
b 

Average number of products = 
G(t)dt 

a 
@ - a> 

Hence, the true exposure is: 

I 
b 

H(a, b) = (b - a) 
G(t)dt 

a 
(b - a) 

Appendix A provides further discussion of these functions and an alternate 
derivation of true exposure. 

Since practical applications will generally be dealing with one-year units of 
time beginning at integral values of t, the following definition will simplify 
notation without sacrificing generality. Define 

J(n) = H (n, n + 1) (4) 

J(n) represents the true exposure in year n arising from a unit of production at 
time t = 0, where n will generally be assumed to be integer-valued. Assuming 
the distributions of the useful lifetimes of products manufactured at time t = 0 
apply equally well for all manufacturing years, J(n) can also be viewed as the 
exposure in year m + n arising from unit production in year rns5 

Define A,n as the number of products sold in year m. For this model, all 
production and sales are assumed to occur at the beginning of the period. 

Consider policy year m. The true exposure is the sum of the exposure 
contributions of each of the manufacturing years. The current year’s sales, A,, 
multiplied by the exposure per unit, J(O), yields A&O); the previous year’s 
output is A,-, and the exposure per unit is J(1). Hence, the total true exposure 
for policy year m is: 

True Exposure, = 2 A,,-J(k) 
k=O 

’ In actuality, the distributions may change over time due to improvements in the product. This 
could be included in the model by defining J(m, n), but the less general model is presented for the 
sake of clarity. 
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(The upper limit of infinity is used for notational convenience only. The sum- 
mation should be thought of as extending over the lifetime of the product, which 
is finite for virtually all products.) 

Assume that production is increasing at the constant rate of (1 + g) per 
year. Again, a more general model could be constructed by defining g(m) as the 
growth rate in year m. 

1 
Define v = - * 

1 +g’ 

(7) 

(8) 

then Amel = VA, 

and A,+ = vkA, 

Substituting (7) in (5) yields: 

True Exposurem = k~o~k&J(k) 

Hence, the true exposure for year m is proportional to the traditional exposure, 
A,, where the factor of proportionality is independent of m. Assuming that the 
total industry experience in the ratemaking base has the same distribution of 
lifetimes and the same growth factor as the particular firm examined above, it 
should be clear that rates determined by comparing past losses (adjusted for 
development and trend) to past sales, should be applicable to current sales, 
since the corrective factor of proportionality, C;(m=,, v”J(k), is the same for current 
sales as for past sales. Conversely, whenever growth patterns of a firm differ 
from those of the total industry, sales may not be a good measure of exposure. 

The most extreme examples of the inappropriateness of a sales exposure 
base occur when a firm begins or ceases production. In the latter case, production 
in year m is zero, so the usual exposure measure will also be zero. The true 
exposure may, however, be significant. In policy year m, the first year following 
the end of production, the true exposure is the sum of the previous years’ sales 
still in use: 

True Exposure, = 5 A,&(k) 
k=l 

(10) 
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Again, assuming annual growth rate g, 

A,+ = VA,-, , 

&-I, = vk-lA m 13 - 

and (10) can be written as: 

True Exposurem = A,-1 5 vk- ‘J(k) 
k=l 

(11) 

Changing convention slightly, let A,,, represent the normal production for year 
m under growth rate g, and the true exposure will be manipulated through the 
use of the index of summation. This allows (11) to be written as: 

True Exposurem =A, f v’J(k) (12) 
k=l 

If the firm desires coverage in the first year following cessation of produc- 
tion, the appropriate factor to be applied to the current rates is the ratio of the 
true actual exposures to the true exposures contemplated in the rate: 

2, vkJW)/k~o v”J(k) (13) 

Similarly, the factor to be applied in the nth year after the end of production is: 

kz,, vkJW/ j+ v”JW 

Of course, a problem occurs when one considers to what this factor should 
apply, In theory, it is applicable to the sales that would have occurred had 
production not been ceased. Since this is a subjective estimate, in practice, the 
most recent year’s sales would probably be the best exposure to which this 
factor could be applied. 

A similar type of analysis is required when a firm begins to produce a new 
product. (New product means new to the firm where an established products 
liability rate for the product already exists, as opposed to a completely new 
product requiring the calculation of an appropriate rate. The latter case is beyond 
the scope of this paper, although the ideas presented here should be valuable in 
the process of determining the new rate.) As above, A, will refer to expected 
production in year m under growth assumption g, and actual production will be 
manipulated via the index. Suppose a firm begins production in year m. Pro- 
duction (sales) in year m will be A, and the exposure will be A, I&,, vkJ(k). 
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Hence, the appropriate rate in the first year of production is the normal rate 
multiplied by the factor: 

j. vkJM/jo v”JW 

Similarly, the factor applicable to the nth year of production will be: 

(15) 

(16) 

Note that this factor becomes equal to one when n is equal to or greater than the 
lifetime of the longest lived product. 

An example falling in between the two extremes of production startup or 
cessation is a firm with a growth rate g’ differing from the industry growth g. 
The factor applicable to the industry rate will be the ratio of the actual true 
exposures to the true exposures implicit in the rates: 

kgo W)kJUd/k$o vkJW 
1 

where V’ = - 
1 + g’ (17) 

For a growth rate g’ less than g, v’ will be greater than v, hence the rate 
applicable to sales will be greater than the industry rate. For a firm growing 
faster than the industry, the correct premium rate will be less than the industry 
rate. 

We now consider a less simplified but more realistic numerical example. 
The following assumptions are imposed on the Widget Manufacturing Company: 

1. The company’s first year of operation is year 0. 
2. The company’s final year of operation is year 7. 
3. The company and industry growth rates are 10%. 
4. The lifetimes of widgets are distributed as illustrated in Table 2 for 

widgets produced at the beginning of year 0. All failures are assumed to 
occur at the beginning of a year, so that column 1 contains the discrete 
counterparts of thef(t), column 2 contains the F(t), and column 3 contains 
the G(r). Since failures all occur at the beginning of the year, G(t) is 
constant throughout each year, and column 3 also represents the J(t). 

5. All other earlier assumptions hold. 
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TABLE 2 

Year 

(1) 

Proportion 
Failing in Year 

0 .oo 
1 .05 
2 .lO 
3 .20 
4 .30 
5 .20 
6 .lO 
7 .05 

DISCRETE DISTRIBUTION OF WIDGET LIFETIMES 

(2) 

Cumulative 
Failures 

(3) 
Proportion 
still in use 
1.00 - (2) 

.oo 1.00 

.05 .95 

.15 .85 

.35 .65 

.65 .35 

.85 .15 

.95 .05 
1.00 .oo 

Based upon these assumptions, Table 3, which displays Widget Manufacturing 
Company exposures by calendar year and production year, can be constructed. 

TABLE3 

WlDCET MANUFACTUR~NGCOMPANY 

PROOUCTS ~.IABILITY EXFOSURE 

Calendar Year 

0 1 2 3 4 5 6 7 a 9 10 I1 12 13 
--- ---_- ---_ -- 

Year of 0 1000 95.0 a5 0 65.0 35.0 15.0 5.0 0 0 0 0 0 0 0 
Manufacture 1 I10 0 104.5 93.5 71.5 38.5 16.5 5.5 0 0 0 0 0 0 

2 121.0 115.0 102.9 78.7 42.4 la.2 6.1 0 0 0 0 0 
3 133.1 126.4 113.1 86.5 46.6 20.0 6.1 0 0 0 0 
4 146.4 139.1 124.4 95.2 51.2 22.0 7.3 0 0 0 
5 161.1 153.0 136.9 104 7 56.4 24.2 a.1 0 0 
6 177.2 168.3 150.6 115.2 62.0 26.6 a.9 0 
7 194.9 185.1 165.6 126.7 68.2 29.2 9.1 

True EXpoS"re 100.0 205.0 3105 406.6 482.2 545.5 6WO 665.5 517.6 365.9 220.2 102.9 38.1 9.7 
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In this example, only calendar years 6 and 7 are in an equilibrium state, 
where the traditional rate is the correct rate. For all years in an equilibrium 
state, the ratio of true exposures to calendar year sales will be a constant; in 
this case: 

605.01177.2 = 665.51194.9 = 3.41 

(See Appendix B for more discussion of the ratio of true exposures to sales.) 

In the prior Widget Manufacturing Company example, we assumed a pre- 
mium rate of $1.00 per $100 of sales; the corresponding rate per true exposure 
was $.25. In the current example, this $.25 rate per true exposure implies a 
premium rate of $.853 per $100 of sales. Since losses are a function of true 
exposures rather than sales, the rate per unit of sales can be calculated by 
multiplying the rate per unit of true exposure ($.25 per $100) by the ratio of 
true exposures to sales. In the prior example, this factor was 4; the rate per 
$100 of sales was thus 4 x $.25 = $1.00. In this example, the factor is 3.41 
so the rate per $100 of sales is 3.41 X $.25 = $.853. If the industry growth 
rate has been constant during the period between the first year used in ratemaking 
and the present, this calculation does not have to be made explicitly but will 
work out automatically. Note that a further implication of this discussion is that 
a material change in the industry growth rate will make the results of the present 
ratemaking methodology somewhat inappropriate. 

Table 4 compares the premium that would normally be charged using sales 
as an exposure base and the “correct” premium using the true exposure. 

Several observations can be made from Table 4. In the equilibrium years 
(6 and 7), the premium charged is the same under both measures of exposure. 
In the start-up years (0 through 5), the premium based on sales exceeds the 
correct premium, the difference being significant in the early years and decreas- 
ing over time. The correct premium exceeds the sales-based premium in the tail 
years, since there are no sales in those years. Note that the total premium over 
all years is not the same for the two exposure bases. The premiums are identical 
in all equilibrium years, but the excesses in the early years do not make up for 
the deficiencies of the later years. However, it cannot be concluded that tradi- 
tional ratemaking does not provide enough premium over the life cycle of an 
insured. To answer this question, it is necessary to examine the nature of the 
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TABLE 4 

WIDGET MANUFACTURING COMPANY 

PRODUCTS LIABILITY PREMIUMS ON DIFFERENT EXPOSURE BASES 

(1) (2) (3) 

Year Sales 
True 

Exposure 

0 100.0 100.0 85.4 25.0 
1 110.0 205.0 93.9 51.3 
2 121.0 310.5 103.3 77.6 
3 133.1 406.6 113.7 101.6 
4 146.4 482.2 125.0 120.6 
5 161.1 545.5 137.6 136.4 
6 177.2 605.0 151.3 151.3 
7 194.9 665.5 166.4 166.4 

Subtotal* 1143.6 3320.2 976.6 800.6 

8 0 517.6 0 129.4 
9 0 365.9 0 91.5 

10 0 220.2 0 55.1 
11 0 102.9 0 25.7 
12 0 38.1 0 9.5 
13 0 9.7 0 2.4 

Total* 1143.6 4574.5 976.6 1143.6 

(4) 
Premium 
Based on 

Sales 
(2) x .854 

(5) 

“Correct” 
Premium 
(3) x .25 

* Totals may not add correctly due to rounding. 

coverage for the “tail” years, in this case, years 8 through 13. Among the 
possibilities are: 

1. If the firm has ceased coverage because it has gone out of business, it 
will probably not purchase insurance in years 8 through 13. In any event, 
the insurance company will not be liable for occurrences in the “tail” 
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years. In this case, the insurance company will have received $976.60 
but will only have to pay out $800.60 (Table 4 subtotals through year 
7). 

2. If this product represents only a minor portion of the insured company’s 
total sales, then the insurance company is likely to continue coverage on 
the discontinued product, even though there is no premium collected for 
this product during the tail years. In this case, the insurance company 
will receive $976.60 but will have $1143.60 in expected losses (but will 
also receive significant investment income). 

3. If the product represents a major portion of the company’s sales but the 
company remains in business after discontinuing this product, the insurer 
may refuse to provide coverage for claims arising from this product 
occurring after year 7, unless additional premium payments are made. 
Assuming that the insurer can estimate the appropriate premium for the 
tail years as $343.00 ($1143.60 - $800.60), the insurer will receive 
$1319.60 (976.60 + $343.00) for $1143.60 in expected losses. Although 
an informed insured might realize that there were overcharges in the 
early years, the arguments will be useless if there has been a change in 
insurers. However, the insured may be in a position to demand premium 
credits for its newer products, since the reasoning used by the insurer. to 
charge premium for the “tail” years is identical to the reasons for 
expecting a credit in the early years. 

One other relationship on this table should be pointed out. The “excess” 
premium in year 0 is 85.4 L 25.0 = 60.4. The “deficiency” in year 8 is 
129.4 - 0 = 129.4. The difference between the two is attributable to growth 
in production: 60.4 X (1. 1)8 = 129.4. A similar relationship holds true for 
years 1 and 9, 2 and 10, etc. The excess premium arises from an overstating of 
exposures in the early years, while the deficiency arises from an understating 
of exposures. But the understating of exposures occurs eight years-later than the 
overstating, by which time the exposures have grown by the factor ( 1.1)8. It 
should be clear that, with an assumption of no growth (as in the first example 
given), the excesses and deficiencies cancel out. In either case, investment 
income and changing carriers complicate the analysis. 

In actual practice, the distortions caused by the use of sales will be less than 
indicated in this example. Normally, a company produces a number of products 
and the elimination of a single product would have a relatively small effect. It 
is also likely that an eliminated product will be replaced by another, new 
product. To the extent that the two products have the same distribution of 
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lifetimes and the same potential for loss, the errors will cancel each other. In 
the case where a company completely ceases production (if, for example, it 
goes out of business), it may not even purchase insurance. 

Despite the significant potential distortions which may result from the use 
of sales as an exposure base, it is not the intention of this paper to suggest that 
a change in exposure bases is necessary. The problems involved in attempting 
to objectively measure the true exposure would outweigh the benefits in most 
cases. Rather, it is the intention of this article to outline the implications of 
sales exposure bases so that the effects will be understood and the appropriate 
actions can be undertaken in the extreme cases. A few examples may help 
explain typical problems that may be encountered. 

1. If a manufacturer has recently discontinued a hazardous product, losses 
will still continue to occur even though there are no sales. If the firm is 
being experience-rated, the indicated modification will be too low and 
a schedule debit may be appropriate. A few years later, the situation is 
reversed. The loss experience, but not the exposures, of the discontinued 
product will be included in the experience rating calculations. Since the 
future losses arising from that discontinued product should decrease, the 
experience modification is now too high and a schedule credit may be 
appropriate. Similarly, a firm adding a major product should get a 
schedule credit from the manual rate. At the very least, this paper will 
be helpful for understanding and explaining to the insured why changes 
in the experience modification are occurring. 

2. A manufacturer recently requested advice as to whether it should join a 
captive insurer, since its loss experience was significantly better than that 
contemplated in the existing premium rates. (The premium rates were 
developed for that particular industry by a specialty company.) 
However, the firm had been in existence for only three years, and was 
producing a product with an expected lifetime of fifteen to twenty years. 
This paper makes it clear that the experience during these early years of 
production should be significantly better than that of established manu- 
facturers of the same product. For the purpose of illustration, assume 
that the lifetime of each product is exactly fifteen years, and there has 
been no growth in sales for the industry. The established manufacturers 
will have fifteen units of true exposure for every one sold in the current 
year, while the firm in question only has three units of true exposure for 
each one sold in this year. The true exposure of the new firm (in this 
year) is only 20% of the exposure of the established firms: the firm 
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deserves an 80% credit from the manual rate. The amount of credit 
should decrease over time as the true exposures increase. It was rec- 
ommended that the firm should not join the association captive, where 
it would share disproportionately in the other members’ losses, but rather 
the firm should remain with its insurer and try to negotiate a premium 
credit. 

3. Projections of losses for a manufacturer typically involve a regression line 
fit to the history of annual loss pure premiums (losses divided by expo- 
sures). In the start-up years of a product, such an analysis may indicate 
a significantly increasing pure premium. However, if the firm is nearing 
the equilibrium stage, the pure premiums should begin to plateau (ig- 
noring inflation), rather than continue their steep rise. In the absence of 
an understanding of the implications of this paper, artificially high losses 
may be projected. Similarly, an understanding of these concepts will aid 
in projecting future losses arising from a discontinued product. 

4. Another manufacturer is producing a product with a lifetime in excess 
of one hundred years, but has been producing the product for only thirty 
years. It should be clear that the total true exposure is increasing each 
year, even if sales are constant. If the nature of true exposure were not 
considered, it would be difficult to understand why losses are growing 
each year, even after adjusting for inflation and sales growth. 

5. If products produced now have longer lifetimes than products produced 
in the past, the true exposure will increase even though sales (inflation 
adjusted) are not increasing. 

6. For a product such as an elevator, it is likely that the exposure to loss 
is not constant over the elevator’s lifetime, but more concentrated in the 
later years. A firm may not have increasing sales now, but may find it 
has an increasing “inventory” of older elevators which are more likely 
to produce losses. 

Summary 

The use of sales as an exposure base for products liability insurance can 
have a distorting effect under certain circumstances. However, it is neither 
necessary nor feasible to change the exposure base. As long as the effects of 
this distortion are understood, the impact can be estimated and corrected. 
Certainly the effects are not trivial to calculate, since this calculation requires 
an estimate of the distribution of the lifetime of a product, but even crude 
estimates will result in more accurate premiums in some of the extreme cases. 
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APPENDIX A 

Derivation of True Exposure Arising from a Product 

We have definedAt) to be the probability density function of the lifetime of 
a product manufactured at time 0. It can be viewed either as the probability of 
expiration at time t or as the portion of products that have a lifetime of length 
t. Since the true exposure is the product of the number of objects and the length 
of their lifetimes, the exposure arising from a single unit of production can be 
calculated by multiplying the lifetime t by the portion of products with lifetime 
t, and summing over all values of t. Hence, 

True exposure from = co 
unit of production I o If(W 

For the purposes of this paper, it is necessary to calculate the exposure 
during the time interval (0, t). The expression 

does not represent the total exposure in the interval (0, t); it represents only the 
exposure arising from products which expire at or before time t. The exposure 
from the products still unexpired must be added. Since the portion of products 
still unexpired is G(t), the total exposure during the time interval (0, t), is 

I 

t 

[G(t) + &MS 
0 

The following derivation will show that JQ G(s)ds is equal to the above expres- 
sion, and hence, is equivalent to the true exposure during the time period (0, t) 
from a product manufactured at time 0. 

From equation (2)) 

G(s) = 1 - F(s). 

From equation (l), 

G(s) = 1 - os f(r)dr. 
I 

Differentiating both sides, 

G’(s) = -f(s). 
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Multiply by s, 

sG’(s) = -sf(s), 

Integrate over (0, t), 

I 
t 

I 
t 

sG’(s) = -as) 
0 0 

Integrating by parts yields t 
I I 

t 
sG(s) - G(s)ds = - sfis)ds 

0 0 

or 

I 
t 

f 
t 

G(s)ds = tG(t) + sfs)ds . 
0 0 

The right-hand side of this equation has a useful verbal interpretation. The 
true exposure between zero and t is the sum of two pieces: 

1. The portion of products still in use at time t, multiplied by the length of 
exposure: tG(t). 

2. The exposure arising from products which expire during the period: 
St sf(sMs. 
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APPENDIX B 

True Exposure and Sales 

The relationship between the true exposure in a year, X0 A,-kJ(k), and the 
sales in the year, A,,, , is affected by two factors: 

1. The distribution of the lifetime of the product. This factor is reflected in 
the function J(k). 

2. The growth pattern of the calendar year sales, reflected in the Ampli. 

If the number of products sold does not change from year to year (as in the first 
example given in the text), then Ammh- = A,,, for all k. Then the ratio of true 
exposure to sales is given by 

kzo &-d(k) = kzo AmJW 5 J(k) 
k=O 

A, Am= m 
A, A = ii! JW 

k=O 

In this circumstance, the ratio is solely dependent on the function J(k). Rewrit- 
ing, 

2 J(k) = kto Wk k + 1) 
k=O 

= H(0, 1) + H(1) 2) + . . . 
1 2 

= 

I 
G(s)ds + 

I 
G(s)ds + . . . 

0 1 

=I 
P 

G(s)ds 
0 

As shown in Appendix A, this expression represents the expected or average 
lifetime of the product. Hence, under the condition of constant sales, the ratio 
of true exposure to sales will be equal to the expected lifetime of the product. 

If sales are not constant, the relationship becomes more complicated. How- 
ever, it can be said that if sales are growing at a constant rate, then the ratio of 
true exposure to sales will be less than the expected lifetime of the product. 
This can easily be seen using (9). The ratio of true exposure to sales will be 

5 vkJ(k) 
A,k=O 

A, 
= j. vkJW; 
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when the rate of increase (1 + g) is greater than one, v is less than one and 
Z,P_, vkJ(k) will be strictly less than C,“=, J(k). 

As a specific example, consider the equilibrium state of Widget Manufac- 
turing Company in the main text. The ratio of true exposures to sales was 
665.51194.9 = 3.41. 

The numerator can be broken into its components (refer to Table 3 in the 
text): 665.5 = 5.5 + 18.2 + 46.6 + 95.2 + 136.9 + 168.3 + 194.9. 

This can be further decomposed as: 

(.05)(194.9) + (.15)(194.9) + (.35)(194.9) + (.65)(194.9) 
(1.1)6 (1.1)s (1.1)4 (1.1)s 

+ (.85)(194.9) + (.95)(194.9) + (1.00)(194.9) 
(1.1)2 (1.1)’ (l.l)O 

which should be recognizable as IZ;Cm=o v’J(k)A,. 

If there were no growth in sales, the denominators in the above expression 
would be unity, and the sum would reduce to (4.0) X (194.9) = 779.6; the 
effect of growth in sales is to reduce the contribution of prior years sales to true 
exposures (i.e. reduce the numerator), without affecting the denominator. 
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DETERMINING ULTIMATE CLAIM LIABILITIES FOR HEALTH 
INSURANCE COVERAGES 

EMIL J. STRUG 

I. INTRODUCTION 

The purpose of this paper is to add another chapter to the fund of knowledge 
being accumulated on loss reserving techniques. Except for Paul Otteson’s paper 
on Group Accident and Health Hospital Therapeutic Benefits (PCAS XLI, 1954), 
nothing has been published in the Proceedings in recent years on the methods 
employed to develop ultimate health insurance loss costs. 

The Proceedings of the Society have analyzed and presented various methods 
of establishing ultimate loss costs for various lines of insurance. Generally, the 
same techniques are used in developing ultimate loss costs for health insurance 
benefits. The items of most interest are probably the settlement patterns of the 
various health coverages and any seasonal or cyclical patterns which they 
display. 

II. RESERVES FOR VARIOUS LINES OF BUSINESS 

The lines of business for which loss reserves are developed within the 
author’s scope of operation are: 

1. Hospital Benefits 
2. Physician Benefits 
3. Extended Benefits (Superimposed Major Medical) 
4. Dental Benefits 

Hospital benefits refer to those benefits provided by a general hospital on an 
inpatient and outpatient basis. 

Physician benefits are those medical and surgical benefits rendered by a 
physician in a general hospital (inpatient or outpatient), physician’s office, or 
patient’s home, excluding such items as routine physicals, immunization, etc. 

Extended benefits deal with such items as admissions to a mental institution, 
physician home and office visits, private duty nursing, drugs, prosthetic devices, 
etc. In addition, complementary programs to Medicare are considered as an 
extended benefit. 
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Dental benefits refer to those procedures performed by a dentist, primarily 
in an office setting, for the dental needs of the insured such as cleanings, 
fillings, extractions, prosthodontics, etc. 

Beside the fact that these are considered as separate lines of business, they 
are reserved separately as each displays a different development pattern. If these 
lines were not segregated, a significant change in one of the elements could 
affect the overall results. This same problem can arise within a line of insurance 
if there is a significant variation in the development of ultimate values due to 
different reporting and settlement patterns for certain types of claims. This is 
the case for hospital claims, where the reporting and processing of inpatient 
claims differs dramatically from outpatient claims. 

One might question the separation of physician and dental benefits for 
reserving purposes. Dental is a new and expanding line of insurance. Dental 
claims have shown a faster development pattern than medical/surgical claims, 
probably reflecting the more efficient billing systems employed by dentists 
which make it possible to report and collect low dollar but high volume claims 
from their patients on a timely basis. 

Within the Extended Benefit category, Medicare complementary programs 
for age 65 and over and complementary programs for under age 65 are reserved 
separately as each develops a different reporting and settlement pattern. 

To illustrate the different time span required for full development, we have 
taken an incurred calendar quarter (first quarter of 1975) and aged or tracked it 
for eight quarters (24 months), calculating each stage of paid development based 
upon the ultimate incurred liability. Claim payments are assigned to the month 
and year in which the claim occurred. The results are shown in tabular as well 
as graphical form. 

No. of Hospital Extended Benefits 
Quarters 

Developed Inpatient Outpatient Physician Dental Under 65 65 and Over 
___ - - ~ - ___ 

0 49.36% 
94.39% 
98.35% 
99.11% 
99.85% 

100.03% 
99.98% 
99.95% 
99.96% 

39.60% 
82.54% 
91.64% 
94.64% 
96.55% 
98.15% 
98.89% 
99.33% 
99.67% 

19.79% 
84.44% 
94.67% 
97.22% 
98.68% 
99.41% 
99.68% 
99.78% 
99.91% 

43.25% 
88.73% 
95.93% 
98.17% 
99.48% 
99.61% 
99.87% 

100.00% 
100.00% 

1.86% 
26.38% 
43.41% 
51.26% 
68.81% 
77.05% 
80.96% 
83.64% 
86.50% 

32.02% 
80.25% 
90.16% 
93.90% 
96.43% 
98.07% 
98.77% 
99.32% 
99.61% 



202 HEALTH INSURANCE LIABILITIES 

The table and especially the graphs (see Exhibits 1 and 2) depict quite 
vividly the variance in development patterns for each of the lines of insurance. 

It should be noted that the data used is taken from the actual records of the 
corporation for which the author provides actuarial services. 

Under “Hospital Inpatient” you will note that the factor at the fifth quarter 
of development is in excess of 100% and then drops for subsequent quarters to 
below 100%. The aberration is a result of coordination of benefits, subrogation, 
and Workers’ Compensation recoveries which were recorded after the fifth 
quarter. 

The different patterns displayed most likely reflect the benefit structure and 
the attitudinal differences of the providers (who bill the corporations directly) 
and the insureds. The reporting patterns generally reflect the cash flow needs of 
the providers and the insureds which are at times influenced by the general 
economy. 

It should be noted that individual case reserves are not used in developing 
total estimated incurred claims liabilities. Ultimate loss costs are determined by 
formula. At one time case reserves were established but, due to the volume of 
claims and the attendant maintenance of the values and files, the company chose 
to discontinue the method. 

III. METHODS USED TO ESTABLISH ULTIMATE INCURRED VALUES 

Before describing briefly the methods used in establishing ultimate loss cost 
values, some comments as to the overall approach in setting reserves are 
appropriate. 

In establishing loss reserves the results produced can be segmented into two 
categories. The categories are defined by the age of the claim and are determined 
by the historic pattern of development displayed for each line being evaluated. 
The two breaks are: 

1. claims for which subsequent development is predictable, and 
2. claims in the early stages of development which are subject to distortions 

of reporting and processing. 

The primary method used to develop ultimate values is the use of completion 
or projection factors developed from triangulation or completion tables. 

If the amount for incurred period Agm1 is assumed to be fully developed at 
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time period m, then the projection or completion factor for time period y - 1 
would be 

The factor for time period y - 2 would be 

This calculation is carried on until the value for y, is determined. The 
completion factor for y. can apply to a single month, a quarter, a year, or a 
series of months where each month in the grouping is at the equivalent stage of 
reporting and development. 

The broader the base used in developing these completion factors, the more 
stable are the results for months with reasonable degrees of development. The 
use of broader time bases obviously requires the use of older data. As a result, 
these factors are less responsive to current changes in reporting and payment 
patterns when applied to more recent reporting periods. In situations where it 
is known that reporting or processing has shown a new and stable trend, more 
reliance can be placed upon the factor developed using more recent time frames. 
For incurred periods with low and slow development, such as the initial incurred 
period, results based upon completion factors are erratic and generally unrelia- 
ble. For these periods an alternate technique is used which we call the ratio 
method. 

The ratio method, as the name implies, develops historic ratios or indices 
of various incurred periods to a base period for which the ultimate values are 
considered to be most accurate. These indices are then applied to more recent 
time periods to develop estimates of current ultimates. For example, if the 
ultimate incurred amount to be estimated is the 3rd quarter of 1975, which we 
will denote as 3Q75, and we have data going back to the fourth quarter of 1971 
(4471), the following ratios of incurred amounts would be calculated: 

34721447 1 3Q73/4Q72 347414473 
3Q72ilQ72 3Q73/1Q73 3Q74/1Q74 
347212472 347312473 347412474 

By applying the factors in the first row to 4474, the second row to lQ75, and 
the third row to 2475, a set of values representing the estimated amounts for 
the 3rd quarter of 1975 are produced. 
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If exposure, utilization, and cost trends have some consistency during the 
historic and current periods, there will be a clustering of values. It is obvious 
that if any of these elements departs dramatically from or shows no consistency 
with prior patterns, then this method is rendered misleading. In many cases it 
is possible to adjust the value for changes in exposure, utilization, and cost 
trends and to produce a meaningful result. 

Variations of the completion method and, where appropriate, the ratio 
method are used to produce first estimates of the total incurred liability. In some 
situations, especially for new benefit offerings, a loss ratio method is used. Here 
the earned premium is multiplied by the expected loss ratio to produce the 
estimated incurred amount. Inherent in the process is the reevaluation of pre- 
viously estimated incurred values. The analysis is extended back into time to a 
period where no additional development is expected. 

IV. CALCULATION OF RESERVES 

Estimated ultimate claim amounts are calculated using for the most part 
some or all of the previously described methods. In the first pass at the esti- 
mations there is no adjustment to the values. The initial results are then tempered 
or adjusted to reflect conditions which render the results useless or suspect for 
certain periods of time. Such conditions include the imposition of cost controls, 
the removal of cost controls, dramatic changes in exposure, or extraordinary 
inflationary factors as they apply to medical care. At this point there is the 
blending of the art and science of reserving. 

In the development of total ultimate loss cost for each line of insurance, 
those methods which historically have produced the most consistent results are 
used. 

At this stage of the review we attempt to refine the calculations, or our 
selection of a value, based upon internal and external forces which may have 
had an influence upon the calculation. 

Internal forces affecting the values would be claim receipts, claim invento- 
ries, and processing cycles. External forces from providers would be such items 
as reporting cycles and increases in hospital and physician costs. Other external 
conditions such as government controls, weather, and postal strikes have an 
impact upon the insured, insurer, and provider. An evaluation of internal pro- 
cessing cycles is made to determine if the values calculated via the projection 
route will tend to overstate or understate. Reporting cycles are analyzed in a 
similar fashion. In most cases it is impossible to quantify the results, but the 
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movement will generally indicate which of the results is likely to be the most 
accurate. In recent years coordination of benefits and subrogation activities have 
been intensified. Until the rate of recovery becomes somewhat constant, manual 
adjustment to estimated ultimate values are made. 

External provider activities relative to cost are monitored by evaluating 
reports of past and current items such as hospital charges, physician charges, 
dental charges, the various elements of the medical component of the CPI (local 
and national), and hospital costs issued by the American Hospital Association 
(AHA). 

In conjunction with the development of loss reserves, analyses are performed 
to determine the adequacy of current rates and to evaluate utilization and cost 
trends. These trend factors are applied to project ultimate loss costs for past 
periods to current periods. A comparison of these results to those produced via 
the routine techniques is made to determine the reasonableness of the results in 
conjunction with patterns of prior periods. 

Where appropriate, pure premiums are calculated by dividing ultimate 
amounts by exposure for periods for which the values are considered to be 
stable, and these are projected to current periods of time. By multiplying the 
projected pure premiums by the exposure, an ultimate claim cost is produced. 

V. APPLICATIONS 

For Hospital and Physician Benefits ultimate values are calculated by mul- 
tiplying estimated claim counts times estimated claim costs and by projecting 
claims paid by incurred period to their estimated ultimate values. As previously 
mentioned, claim counts and amounts are estimated using two projection tech- 
niques . 

The first technique uses factors developed by use of twelve month moving 
data with each accident month within the twelve months being at the same stage 
of payment. The time span used encompasses 44 months from the oldest to the 
current accident month. This technique has the advantage of averaging out 
aberrations which might occur on a monthly or quarterly basis and provides a 
high degree of stabilization in the factors developed. It is, however, less re- 
sponsive to current changes in reporting and processing cycles. 

The second approach uses unweighted calendar-accident periods to develop 
projection factors. This technique has the advantage of reflecting recent changes 
in reporting, processing, or seasonal patterns. This approach is, however, subject 
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to aberrations due to any non-repetitive occurrence which happened in any of 
the prior accident periods used to calculate the applicable projection factors. 
Under this method the estimated number of claims, average claim cost, and 
total ultimate claim cost are developed for each accident quarter. The average 
claim cost is used in the moving average calculations described in the previous 
paragraph. 

In addition to calculating claim counts, amounts, etc., pure premiums by 
incurred period are developed by using the same technique. The estimated 
ultimate claim amount is calculated by extending the estimated ultimate pure 
premium by the earned exposure for the accident period. 

The ratio method, as described in Section III, is used to develop estimated 
ultimate amounts as well as estimated ultimate pure premium by incurred period. 
The pure premiums are extended by the earned exposure for the corresponding 
incurred period to produce ultimate amounts. 

In developing the ultimate loss costs, values are generally calculated using 
claim counts and claim costs as well as total dollars. 

If we examine the graphs portraying the development pattern of each of the 
lines of insurance and their subdivisions, some insight will be gained as to the 
timing of the use of the two general techniques. 

Except for Extended Benefits for under age 65, all the elements show that 
after six months of development 90% or more of the ultimate loss cost incurred 
has been paid. The use of projection or completion factors at this stage of 
development and beyond proves to produce very accurate and stable results. 

At the zero stage of development the percent incurred, reported, and paid 
for all breaks is less than 50%. The results at this point tend to be quite erratic. 
For this reason the ratio method is almost universally employed along with 
judgment. 

Between the third and sixth months of development, the ratio and both 
projection methods are used. Based upon claim notices received, claim dollars 
paid and claim inventories, a judgment is made as to the validity of the values 
produced by each of the projection methods. For Extended Benefits under age 
65, the ratio and projection methods are employed for 18 months, at which time 
the projection factor takes over. However, substantial judgment enters into the 
choice of values depending upon the three elements enumerated earlier in the 
paragraph. 
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VI. GENERAL COMMENTS 

To aid in the determination of current loss reserve values a series of exhibits 
containing pertinent data are prepared. The material falls into five general 
categories: 

1. service and claim counts, 

2. average claim and service costs, 

3. claim receipts and inventories, 

4. cycle time for claims submission and processing, and 

5. changes in exposure. 

These data are depicted in graphical form in Exhibits 3 through 15B. 

In analyzing ultimate amounts from current periods, these items of infor- 
mation provide insight as to possible aberrations in the formula results as well 
as logical relationships from one period of time to the next. For example, a 
decrease in exposure and claim receipts would indicate that one should expect 
a decrease in incurred claims. If the cycle time from incurred date to paid date 
has been shortened, then generally the formula approach will overstate the 
reserves. The analysis of the runoff of claims paid using claims incurred and 
paid-to-date for a current period and the runoff for the comparable period a year 
before provides a benchmark as to the minimum value one might normally 
expect. By adjusting the prior year’s runoff for inflation and exposure and any 
payment aberrations, a ballpark estimate of the ultimate loss cost can be ob- 
tained. 

These graphs may be of significant interest to those unfamiliar with health 
coverages. The patterns indicate that for the most part the elements involved in 
determining ultimate loss costs develop relatively fast for health coverages with 
the exception of major medical for under age 65. The development patterns are 
probably more analogous to property damage lines than to liability coverages 
with a “long tail.” 

A definite seasonal pattern is shown for all lines. Costs are very sensitive 
to external economic forces as well as frequency or utilization. The latter is not 
as discernible as cost but it does display some cyclical tendencies based upon 
unemployment cycles. 
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VII. SUMMARY 

The presentations portray the various methods currently being employed to 
determine loss reserves. With the availability of time-sharing computers, mod- 
eling techniques can be applied to develop estimated ultimate values from which 
loss reserves can be produced. The advantages to a computer based model are 
obvious as it allows one to measure the impact of the change in variables upon 
the final results within a short span of time. 

As was stated in the introduction, this presentation was not intended to be 
all-inclusive. Alternate techniques are constantly being applied and evaluated as 
to consistency and accuracy. Data bases are being constructed to allow for 
automation of the reserve calculation and, in time, to allow for modeling. The 
approaches presented may appear to be rudimentary and unsophisticated, but 
over time the results produced have been satisfactory. 
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EXHIBI T4 
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EXHIBIT 5 
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EXHIBI T6 
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EXHIBIT 7 
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EXHIBIT 13 
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A METHOD FOR SETTING RETRO RESERVES 

CHARLES H. BERRY 

OVERVIEW 

In a paper presented to the Casualty Actuarial Society in 1965l, W. J. 
Fitzgibbon, Jr. explained a method of setting reserves for retrospective premium 
adjustments. His method is based on the fact that, in general, a group of policies 
with a low loss ratio will produce a greater retrospective return premium than 
a group of policies with a high loss ratio. In practice, unfortunately, this 
relationship is not perfect. 

For older groups of policies the actual retrospective adjustments which have 
already been made provide additional evidence about what the ultimate adjust- 
ment will be. This paper describes a systematic method of using this additional 
information to refine the Fitzgibbon indication and set a more accurate reserve. 

THE RETROSPECTIVELY RATED POLICY 

A retro policy is an insurance contract which provides for the deposit with 
the insurer of a standard premium at the inception of the policy. Six months 
after policy expiration and at one-year intervals thereafter, the reported losses 
arising from the policy are used to determine a retrospective premium. 

If losses are lower than anticipated, the retro premium will be less than the 
standard premium, and the difference will be returned to the insured. This retro 
adjustment will affect the insurer’s books as a negative premium. Conversely, 
losses higher than anticipated will produce an additional payment to the insurer, 
and will have a positive impact on the insurer’s net premium. This sign con- 
vention will be used throughout this paper for actual paid and expected future 
deviations from standard premiums. 

A revised retrospective premium is calculated annually until at some point 
the insured and the insurer agree that no further adjustments are needed. The 
sum of all retro adjustments which took place during this period is called the 
ultimate deviation. 

1 W. J. Fitzgibbon, Jr., “Reserving for Retrospective Returns,” PCAS LII, 1965, p. 203. 
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At any time there may be several policies for which the ultimate deviation 
has not yet been determined. It is appropriate that the insurer adjust the earned 
premiums used in stating its underwriting results to reflect any anticipated 
remaining deviations; that is, those deviations which would result if the final 
retro premium were determined based on the standard premium earned and the 
losses incurred to date for these policies, including the insurer’s provision for 
losses not yet reported. This adjustment to earned premiums is made through 
the retro reserve. If net remaining deviations are expected to be negative, a 
positive reserve is established and subtracted from earned premiums. However, 
if positive net remaining deviations are expected, the converse is true. 

DATA USED IN CALCULATING THE RETRO RESERVE 

The retro reserve could be calculated for all retrospectively rated business 
combined. However, since greater detail is required for both the Annual State- 
ment and internal underwriting results, it is preferable to calculate a separate 
reserve for each line of business for which there is a significant volume of 
retrospectively rated premium. 

Some insurers further divide their business into different types of insureds, 
and it may be appropriate to use different formulas to set retro reserves for these 
different types. For example, a large account will generally produce a relatively 
larger retro return than a smaller account with the same loss ratio. This is 
because the premium discount is returned as part of the retro adjustment, and 
the large account will have a lower expense ratio. 

The method to be described calculates a separate reserve for each policy 
year; that is, for all policies becoming effective during a calendar year. The 
term of all such policies is one year; three-year agreements must be broken into 
three pieces. Retro adjustment premiums, audit premiums, late-reported losses, 
after-closing loss payments, etc., are assigned back to the year of the policy 
which generated them. 

For each cell (i.e., for each line of business by insured type by policy year 
combination) as of each reserve date, this method requires the paid retro devia- 
tions to date, the earned standard premium, and the expected incurred losses 
which will eventually arise from this earned premium. This loss number should 
include provision for incurred but not reported (IBNR) losses and for future 
development of the present estimated values of open claims to their ultimate 
values. 
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Since many retro policies provide for limitations on the amount by which 
any single loss can increase the retro premium, it is also appropriate to remove 
large individual losses from the incurred loss amount used in calculating the 
retro reserve. Such large losses should also be removed from the historical data 
used in calibrating the retro reserve formulas. 

BASIC FORMULAS 

At any reserve date, for each of the cells described above, the actual 
deviation paid through that date is a known quantity. If the ultimate deviation 
can be determined, the retro reserve is easily calculated using the following 
formula: 

(Retro Reserve) = (Paid Deviation) - (Ultimate Deviation) (1) 

In practice, it is easier to work with quantities which are ratios to earned 
standard premium (BP). In this way, comparisons of one policy year to another, 
or of a policy year to itself at different points in time, may be made on a common 
basis. Therefore, the ultimate deviation is calculated from the ultimate deviation 
ratio (DRU) as follows: 

Ultimate Deviation = ESP X DRU (2) 

The ultimate deviation ratio used to set the reserve is a weighted average of 
two indicated deviation ratios (DRl and DR2): 

DRU = [DRl x (1 - W2)] + [DR2 x W2] (3) 

DR2 is the indication which comes into play as we begin to consider 
deviations paid to date in estimating the ultimate deviation ratio. It will be 
discussed later. For “young” policy years (those years which began fewer than 
21 months before the date at which the reserve is being set), the weight (W2) 
applied to DR2 is 0. During this period, formula (3) above reduces to simply 
DRU = DR1. 

THE DRI FORMULA 

DRl is a linear function of the incurred loss ratio (ZLR): 

DRl = [(SF x ILR) + CF] 5 DRM (4) 

Note that this is simply Fitzgibbon’s formula, with the added restriction that 
the indicated deviation ratio is capped at a maximum deviation ratio (DRM). 
Ideally, the slope factor (SF) and the constant factor (CF) of the DRl equation 
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can be determined by a least squares fit of data points representing old policy 
years’ for which the ultimate loss ratios and ultimate deviation ratios are fairly 
accurately known, as in Exhibit I. 

Policy year 197 1, for example, has a loss ratio of 64.1%. Net retro returns 
equal to 13.1% of earned standard premium have so far been made. If it happens 
that a recent policy year, say 1976, presently has a loss ratio of about 64%, we 
may expect an ultimate deviation ratio of about - 13% and establish a retro 
reserve accordingly. Similarly, policy year 1969 gives an indication that when 
the aggregate loss ratio for a policy year is as high as 72%, we may expect a 
net ultimate return of only about 6%. 

The least squares fit line provides a method of smoothing out these data 
points and of interpolating between them. We may also extrapolate to lower 
and higher loss ratios. Although ultimate loss ratios for large lines of’business 
will tend to vary over only a fairly narrow range, loss ratios for the first few 
months of new policy years, or even ultimate loss ratios for small volume lines, 
may be extreme. 

Thus, it is appropriate to cap the additional premiums which we expect to 
collect at, say, 5% of ESP, no matter how high the policy year loss ratio is. 
This is because such policy years probably contain a few policies with extremely 
high loss ratios which will hit their maximums and produce additional premiums 
which are too small to offset all the losses. Meanwhile, many other insureds 
will have low loss ratios and will earn return premiums which may offset most 
of the additional premium received from the high-loss policies. 

Now observe the policy year 1968 point on Exhibit I. This point lies well 
off the least squares line. If we strictly followed the DRl indication, we would 
still be looking for an ultimate return of 10% of standard premium despite the 
fact that returns of only 7.8% have been made so far. Because very few 
deviations, either positive or negative, are still coming in due to eighth or later 
adjustments for this old policy year, we clearly should have dropped the indi- 
cated retro reserve of 2.2% of standard premium at some previous date. 

The difference between the policy year 1972 point and the DRl indication 
is in the opposite direction. Because this is not as old a year as 1968, a small 
number of late retro adjustments may still come in. Nevertheless, it is quite 

* In practice, it is useful to determine the LX2 formula values first and then use them to project 
paid deviations for two or three more recent policy years, thus obtaining additional data points to 
use in selecting the DRI curve. 
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unlikely that the total amount of the indicated negative retro reserve is appro- 
priate . 

Policy years 1968 and 1972 demonstrate the weakness of a pure DRl-type 
formula. As policy years age, it usually becomes clear that the true ultimate 
adjustment will be greater than or less than the DRl formula indication. At that 
point, the reserve must either be changed to zero or must be revised by some 
amount on a judgment basis. The DR2 formula provides a method for making 
such a revision in a smooth, systematic way. 

THE DR2 FORMULA 

Judgments about the correctness of the DRl indication can be made only 
after there are significant amounts of actual paid retro adjustments. Consider 
policy year 1972, for example. The first policies written in this year were 
effective 1 /l/72 and expired 12/3 l/72. The first retro adjustment was calculated 
based on losses evaluated six months after policy expiration, or 6/30/73. It 
probably took two or three months to prepare loss reports, calculate the retro- 
spective premium, and input the adjustments to the accounting system. The first 
significant paid deviations for policy year 1972 therefore began to appear in 
August or September of 1973, about 20 or 21 months after the beginning of the 
policy year. Although a few deviations, probably due to early policy cancella- 
tions, were seen before 20 months, it was not until after then that some weight 
could be given to the DR2 indication in formula (3). 

At about 33 months, first adjustments for policies effective in December 
1972 were completed and second adjustments for January 1972 policies, valued 
30 months after policy inception, began to appear. Twelve months later, third 
adjustments began, and so on. 

The consistency of the pattern of paid deviations from one policy year to 
another can be seen in Exhibit II, which shows cumulative paid deviations as 
of each month, taken as a ratio to total paid deviations through 60 months. This 
consistency provides the basis for the second estimate of the ultimate deviation 
ratio: 

DR2 = (DPF x PDR) + (LPF X ILR) (5) 

The first portion of this formula (Deviation Projection Factor times Paid 
Deviation Ratio) estimates remaining first adjustments. The second portion 
(Loss Projection Factor times Incurred Loss Ratio) estimates remaining second 
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and later adjustments. In order to understand this formula, refer to Exhibit III 
to see a typical set of DR2 formula values. 

Deviation Projection Factor 

When setting a retro reserve in any September, the first prior policy year is 
21 months old. Observe in Exhibit II that at this age we first begin to see a 
significant volume of paid deviations coming in. The first part of the DR2 
formula assumes that first adjustments already paid at any point in time are 
similar to those first adjustments as yet unpaid. For example, if the early paid 
deviations are returns equal to 10% of the earned standard premium on the 
policies producing these deviations, the formula assumes that remaining first 
adjustment deviations will also be returns equal to 10% of the corresponding 
premium. 

The reciprocal of the 21-month DPF of 6.64 represents the portion of all 
first adjustments which are assumed to have been paid by this age. Multiplying 
the 21-month paid deviation ratio by this DPF thus estimates the ultimate ratio 
to earned standard premium of deviations due to first retro adjustments. By 36 
months it is assumed that all first adjustments have already been processed, and 
DPF decreases to unity, where it remains from that point on. 

Loss Projection Factor 

In the second part of the DR2 formula, the Loss Projection Factor has been 
so named because it is applied to the expected ultimate incurred loss ratio. 
Nevertheless, its purpose is to estimate the amount of second and later deviations 
remaining as of any reserve date. 

Note in Exhibit III that from 21 to 31 months, the LPF is constant at 0.0500. 
This is because, no matter how large or small first adjustments are, and no 
matter whether they are returns or additionals, formula (5) assumes that second 
and later adjustments will produce an additional premium equal to 5% of 
incurred losses. 

The reason an additional premium is anticipated is that only reported claims, 
carrying whatever value the Claim Department put on them the last time they 
were examined, enter the retrospective premium calculation for any policy. 
Consequently, “case basis” losses valued 18 months after policy inception, 
when the first adjustment is calculated, are, on the average, understated. At 
later adjustments, previously reported claims may be revalued upward and new 
claims which were IBNR at previous adjustments may emerge. Thus, it will 
likely be determined that additional premiums previously paid to the insurer 
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were too small, or that part or all of the returns previously paid to the insured 
must now flow back to the insurer. In either case, positive deviations resulting 
from second and later retro adjustments are likely to dominate negative devia- 
tions . 

Thus, according to the DR2 indication, for any policy year which is about 
31 months old, there are few first adjustments but many second and later 
adjustments remaining to be made, and it is appropriate to hold a negative retro 
reserve. Thereafter, as the anticipated additional premiums flow in, the LPF 
decreases, reducing the size of the indicated negative retro reserve. 

The values for DPF and LPF are readily determined if a monthly history is 
available which separates deviations into first adjustments, second adjustments, 
etc. Absent such a history, acceptable answers can be obtained by assuming 
that all deviations through 33 months are from first adjustments, those from 34 
through 45 months are from second adjustments, etc. 

COMBINING DRI WITH DR2 

The last column of Exhibit III sets forth the weight (W2) which is applied 
to the DR2 indication in formula (3). As stated previously, no weight is given 
to DR2 during the first 20 months. Then, as paid deviations begin to accumulate, 
DR2 becomes a better and better estimate of the true ultimate deviation ratio, 
and W2 begins increasing linearly. 

Inspection of the pattern of actual paid deviations over time reveals that 
beyond about five years, retro adjustments arc likely to be very small, and 
additional and return premiums are almost equally common. Beyond this point, 
therefore, it is not worthwhile to attempt to set a retro reserve.3 The formula is 
designed so that when a policy year becomes 60 months old, two things happen 
which cause the retro reserve to disappear: 

1. The loss projection factor becomes 0.0000. Because the deviation pro- 
jection factor is unity at this point, formula (5) simplifies to DR2 = PDR 

2. At the same time, W2 becomes 1 .OOO, and formula (3) simplifies to 

DR.9 = DR2 = PDR. 

That is, for any policy year which is 60 months or more old, the expected 
ultimate deviation is equal to the current paid deviation, and no retro reserve is 

3 This statement is true only for the particular company studied at this point in time. The decision 
about how long to hold a retro reserve should be reevaluated periodically. 
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held. This point has been reached smoothly in the course of 40 months. At each 
reserve date during this period, the formula has given due consideration to the 
incurred loss ratio of the policy year as well as to its actual paid retro deviations. 

SAMPLE CALCULATION 

Exhibit IV shows a history of the retro reserve for a typical policy year, 
based on the formulas given in Exhibits I and III. Note in particular the following 
points in time: 

A. l/3 l/72, age 1 month. The policies written in January 1972 have, by 
the end of the month, generated an earned premium of $2,074,000. 
Most of the $1,795,000 of incurred losses is due to an IBNR reserve, 
as one month is not sufficient time to allow many accidents to occur, be 
reported, and have estimates of their values put into the system. The 
indicated loss ratio of 86.55% generates a DRl indication of +6.13% 
which has been capped at +5.00%. A negative retro reserve has been 
established in anticipation of a net ultimate additional premium equal to 
5% of the standard premium earned so far. No DR2 indication has been 
calculated. 

B. 2/29/72, age 2 months. Earned premiums have increased not only be- 
cause of more policies being written in February, but also because of 
additional earned premiums generated by January writings. Incurred 
losses have increased less than premiums, producing a loss ratio of only 
84.90% and a DRl indication of +4.71%, which does not need to be 
capped. 

C. 9/30/73, age 21 months. The loss ratio has decreased to 68.52% and 
DRl now anticipates a return premium of 9.37%. This is the first month 
for which the DR2 indication is considered, and paid deviations have 
been projected to an ultimate return of 21.47%. This DR2 indication 
predicts that the ultimate policy year 1972 point would be far below the 
DR 1 formula line were it graphed on Exhibit I. This DR2 indication is 
too far off the line to be realistic, but it receives a weight of only 2.5%, 
and we will eventually see that it does tend to move the DRl indication 
in the correct direction. 

D. 8/31/74, age 32 months. Almost all first adjustments, but few second 
adjustments, have been processed. At this point, the maximum return 
has been reached and remaining retro adjustments will be dominated by 
additionals. DR2, still predicting that ultimate returns will be greater 
than DR 1 does, receives a weight of 30%. 
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E. 11/30/76, age 59 months. DR2 has almost 100% weight and the net 
retro reserve has decreased smoothly despite the large incurred loss 
decrease since last month. Note that if only DRl were used, this loss 
decrease would have caused a retro reserve increase of about $400,000. 

F. 12/31/76, age 60 months. The reserve for policy year 1972 goes to $0. 
Without the DR2 formula, we would still have been holding a reserve 
of: 

-$10,813,000 - [$78,128,000 x (-0.1182)] = -$1,578,000 

unless we had dropped part or all of this amount on a judgment basis at 
some earlier date. 
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DETERMINATION OF DRl FORMULA 
-WORKERS’ COMPENSATION 

DATA POINTS AS OF 12-31-76 

EXHIBIT I 

1967 
1968 
1969 
1970 
1971 
1972 

500 .600 .700 ,800 .900 

Ratios to Earned Standard Premium 

Incurred Losses Paid Deviations 

.703 .lOl- 

.677 .078- 

.718 .059- 

.676 .089- 

.641 .131- 

.657 .138- 



Cumulative Paid Returns 

(Ratio to Total through 60 months) 



Age of 
Policy Year 

(months) 
1 to 20 

21 
22 
23 
24 

Deviation Loss 
projection Factor projection Factor 

W’R W’F) 
- 

6.64 
3.96 
3.11 
2.44 

- 
0.0500 
0.0500 
0.0500 
0.0500 

Weight for 
DR2 Indication 

W2) 
.OOO 
.025 
.050 
,075 
.lOO 

25 2.14 0.0500 .125 
26 1.90 0.0500 .150 
21 1.60 0.0500 .175 
28 1.43 0.0500 .200 
29 1.30 0.0500 .225 
30 1.19 0.0500 ,250 

31 1.11 0.0500 ,275 
32 1.06 0.0496 .300 
33 1.04 0.0444 ,325 
34 1.02 0.0404 ,350 
35 1.01 0.0376 ,315 
36 1.00 0.0340 ,400 

37 
38 
39 
40 
41 
42 

1.00 
1.00 
1.00 

.425 
,450 
,475 
,500 
,525 
.550 

43 
44 
45 
46 
47 
48 

1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.0316 
0.0292 
0.0252 
0.0220 
0.0192 
0.0164 

0.0140 
0.0123 
0.0102 
0.0084 
0.0073 
0.0060 

.515 

.600 

.625 
,650 
.675 
,700 

49 
50 
51 
52 
53 
54 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

1.00 
1.00 
1.00 
1.00 
1.00 
1.00 

0.0054 .725 
0.0048 .750 
0.0038 ,775 
0.0030 .800 
0.0023 .825 
0.0016 .850 

55 
56 
57 
58 
59 

60 & up 

0.0010 
0.0006 
0.0004 
0.0002 
0.0001 
0.0000 

_\ .875 
.900 

‘~925 
.950 
.975 

1.000 
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EXHIBIT III 

DR2 FORMULA VALUES-WORKERS' COMPENSATION 

DR.2 = (DPF x PDR) + (LPF X ILR) 

DRU = [DRY x (1 - ~211 + [DR2 x W21 



EXHIBIT IV g 

Date 

x 

@ l-72 
@ 2-72 

3.72 
4-72 
S-72 

Eamed 
Standard 
Premium 

ww 

DolIarS 

w3Q) 

(3) (4) 

1 $ 2,074 s 1,795 
2 5,152 4,374 
3 8,090 7,272 
4 11,260 10,195 
5 14,699 13,385 

7-73 
a-73 

0 9-73 
lo-73 
1 l-73 

6:-74 
7.74 

@ a-74 
9-74 

IO-74 

19 69,807 48,613 
20 72,450 49,563 
21 73,531 50,381 
22 73,927 51,040 
23 74,223 51,620 

30 78,284 52,066 
31 78,287 51.992 
32 78,603 51,868 
33 78,558 51,803 
34 78,509 51,941 

8.76 56 78,131 51,519 
9-76 57 78,131 51.512 

lo-76 58 78,130 51,589 
all-76 59 78,130 51,128 
@ 12.76 60 78,128 51,317 

SAMPLE RESERVE CALCULATION HISTORY 
WORKERS’ COMPENSATION-POLICY YEAR 1972 

Incurred Cumulative 
Losses Paid Deviations 

Ratio Dollars 

(4) - (3) ww 

(5) (6) 
.8655 $ 0 
.a499 0 
.8989 0 
.9o54 0 
.9lo6 0 

.6964 33- 

.6841 395- 

.6852 2,755- 

.6Wl 5.926- 

.6955 6,365- 

.6651 13,155- 
A641 13,686- 
.6599 14,880- 
.6594 14,364- 
~5616 13,997- 

.6594 11.057- 

.6593 11,087- 

.6603 11,141- 

.6544 10,832- 

.6568 10,813- 

Ratio 

(6) - (3) DRl 

(7) (8) 
DR2 
- 

(9) 

DRU 

Estimated 
Ultimate 
Deviation 

(3) x (10) 
w3Q) 

R.%O 
RSXV.$ 

(6) - (11) 
ww 

(IO) (11) (12) 
.m .@513* - .0500 s lo4 
.m a471 - a471 243 
.oow .o9Ql’ - .05cia 405 
.oooo .0956* - .0500 563 
.oooo .lool’ - .05lw 735 

.ooQ5- .0841- 

.oo55- .0947- 

.0375- .0937- 

.0802- .0893- 

.0858- .0849- 

- 
- 

.2147- 

.2831- 

.2321- 

.0841- 5.871- 

.0947- 6,861- 

.0967- 7,110- 

.099Q- 7,319- 

.0959- 7,118- 

.1680- .lllO- .1667- .1249- 9,778- 

.1748- .1119- .1608- .1253- 9,809- 

.1893- .1155- .1679- .1312- 10,313- 

.1828- .1159- .1608- .1305- 10,252- 

.1783- .1140- .1551- .1284- lO,oa- 

s lo4- 
243- 
4O5- 
563- 
735- ci 

5,838 2 

6,446 E 
4,355 E 
1,393 z 

753 c, 

3,377- 
3,877- 
4,567- 
4,112- 
3,916- 

.1415- .1159- .1411- .1386- 10.829- 228- 

.1419- .116t- .1416- .1397- 10,915- 172- 

.1426- .1151- .1425- .1411- 11,024- 117- 

.1386- .lZM- .1385- .1380- 10,782- zo- 

.1384- .1182- .1384- .1384- 10,813- 0 

Indicated Ultimate 
Deviation Ratios** 
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MINUTES OF THE 1980 FALL MEETING 

November 19-21, 1980 

OMNI INTERNATIONAL HOTEL, ATLANTA, GEORGIA 

Wednesday, November 19, 1980 

The Board of Directors held their regular quarterly meeting from 1:00 p.m. 
to 5:00 p.m. 

Registration took place from 4:00 p.m. to 7:30 p.m. 

The President’s reception for new Fellows and their spouses was held from 
6:00 p.m. to 6:45 p.m. 

A reception for members and guests was held from 6:30 p.m. to 7:30 p.m. 

Thursday, November 20, 1980 

Registration was held from 7:45 a.m. to 8:00 a.m. 

The Fall meeting was formally convened at 8:00 a.m. Following his opening 
remarks, President W. James MacGinnitie introduced the Honorable Johnnie L. 
Caldwell, Georgia Insurance Commissioner, who welcomed the Society to 
Atlanta. 

Upon thanking Commissioner Caldwell for his remarks, President Mac- 
Ginnitie then read the names of the new Associates. Each new Associate in 
attendance rose as his or her name was called. Mr. MacGinnitie then asked each 
of the new Fellows to step forward to receive his or her diploma. 

The names of the twenty-five new Fellows and twenty new Associates 
follow. 
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Debra L. Baer 
William H. Belvin 
David R. Bradley* 
Mark M. Cis 
Michael D. Covney 
Ronald A. Dahlquist 
Daniel Demers 
Glenn A. Evans 

* Not present. 

Robert L. Brown 
Gregory J. Ciezadlo 
Arthur I. Cohen 
Eugene C. Connell 
Karl H. Driedger 
Alice H. Gannon 
Jonathan B. Hale 

NOVEMBER 1980 MINUTES 

FELLOWS 

Patricia A. Furst 
John Herder 
Barbara J. Higgins 
Stephen Jameson* 
Richard W. Lo 
Edward P. Lotkowski 
Stephen P. Lowe 
Michael G. McCarter 
Michael A. McMurray 

ASSOCIATES 

David D. Hu 
Martin K. Kelly 
Kyleen Knilans 
Stephen J. Ludwig 
Ronald R. Miller 
Rebecca A. Moody 
William S. Morgan 

Robert S. Miccolis 
Roy K. Morel1 
Richard J. Roth, Jr. 
Bernard G. Schaeffer 
Roy G. Shrum 
Alain P. Thibault 
Jerome E. Tuttle 
Richard T. Zatorski 

Kai-Jaung Pei 
Glenn J. Pruiksma 
Ollie J. Sherman, Jr. 
Glenn M. Walker 
Jeffrey C. Warren 
Joel D. Yatskowitz 

Following the admission of the new Fellows and Associates, President 
MacGinnitie announced the names of those receiving prizes and awards. A joint 
award of the Dorweiler Prize was given to two authors, C. K. Khury, for his 
paper, “Loss Reserves: Performance Standards,” and Richard G. Woll, for his 
paper, “A Study of Risk Assessment Using Massachusetts Data.” 

Following this, President MacGinnitie asked each author to give a short 
summary of his paper. 

At 1O:OO a.m. the American Academy of Actuaries Business Session was 
opened by Mr. Ronald Bomhuetter, President. Mr. E. Boynton then delivered 
the report of the Nominating Committee. Mr. B. Munson then spoke of the 
issues of concern to actuaries involved in the area of risk classification and on 
the present status of various regulatory and legal aspects of the problem. 



NOVEMBER 1980 MINUTES 241 

Officer reports were given by Mr. S. Kellison, Executive Director; Mr. K. 
Ryan, Treasurer; and Mr. B. Watson, Secretary. 

Mr. Bomhuetter and Mr. Walter Grace, incoming President, then alternately 
spoke of yesterday’s, today’s and tomorrow’s issues facing the actuary. 

After a short break, a panel discussion entitled “Lloyds and the New York 
Insurance Exchange” was presented. Those participating were: 

Moderator: Steven N. Newman 
Vice President 
American International Group 

Panelists: Robin A. G. Jackson 
Director 
Merrett Dixey Syndicates 

Donald E. Reutershan 
President 
New York Insurance Exchange 

At 11:30 a.m. a panel discussion entitled “The Actuary as an Expert 
Witness” was presented. The participants were: 

Moderator: Michael Fusco 
Vice President-Actuary 
Insurance Services Office 

Panelists: Thomas E. Harms 
Attorney 
Hessian, McKassey & Soderberg 

Spencer L. Kimball 
Executive Director 
American Bar Foundation 

Phillip 0. Presley 
Actuarial Consultant 

A luncheon break was held from 12:30 p.m. to 2:oO p.m. 
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The regular session reconvened at 290 p.m. with a workshop program. The 
workshops were held according to the following schedule: 

Workshop A - “Lloyds and the New York Insurance Exchange” 
This was a discussion of the morning panel with the panel- 
ists. 

Workshop B - “The Actuary as Expert Witness” 
This was a discussion of the morning panel with the panel- 
ists . 

Workshop C - “American Academy of Actuaries-Professional Disci- 
pline ’ ’ 

Moderator: Dale R. Gustafson 
Vice President & Actuary 
Northwestern Mutual Life Insurance 

Members: William D. Hager 
General Counsel 
American Academy of Actuaries 

Charles C. Hewitt 
President 
Metropolitan Reinsurance Co. 

Workshop D - “American Academy of Actuaries-Discounting Loss Re- 

Moderator: 

Members: 

serves” 

James R. Berquist 
Consulting Actuary 
Milliman & Robertson, Inc. 

Martin Bondy 
Senior Vice President 
Crum & Forster, Inc. 

James A. Faber 
Principal 
Peat, Marwick, Mitchell & Co. 
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Workshop E 

Workshop F 

Workshop G 

“New Paper” 
“Implications of Sales as an Exposure Base for Products 
Liability,” by Stephen W. Philbrick, Marsh & McLennan, 
Inc. 

“New Paper” 
“General Liability Ratemaking: An Update,” by Michael 
F. McManus, Chubb & Son, Inc; reviewed by Warren H. 
Johnson, Insurance Services Office. 

“New Paper” 
“An Analysis of Retrospective Rating,” by Glenn G. Mey- 
ers, CNA Insurance Companies, reviewed by Mark E. Fie- 
brink, Wausau Insurance Companies. 

Workshop H - “New Paper” 
“Estimating Casualty Insurance Loss Amount Distribu- 
tions,” by Gary F. Patrik, Prudential Reinsurance Co.; 
reviewed by Jerome Jurschak. 

Workshop I - “New Paper” 
“A Method for Setting Retro Reserves,” by Charles H. 
Berry, Aetna Life & Casualty; reviewed by Roy K. Morell, 
Liberty Mutual Insurance Company. 

Workshop J - “New Paper” 
“Determining Ultimate Claim Liabilities for Health Insur- 
ance Coverages,” by Emil J. Strug, Blue Cross/Blue Shield 
of Massachusetts; reviewed by Edith E. Price, Kemper In- 
surance Group. 

The day ended with a reception from 7:30 p.m. to 8:00 p.m. at the Omni 
Terrace. 

Friday, November 21, 1980 

The business session reconvened at 8:30 a.m., opening with committee 
reports and reviews of papers. 
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The Secretary’s and Treasurer’s Annual Reports were then given. 

The election of Officers and Directors followed. Those elected, and their 
offices, were as follows: 

President-Elect 
Vice President 
Secretary 
Treasurer 
Editor 
General Chairman, Education 

and Examination Committee 
Board Members 

Steven H. Newman 
Frederick W. Kilboume 
David P. Flynn 
Michael A. Walters 
C. K. Khury 

Phillip N. Ben-Zvi 
Wayne H. Fisher 
Anne E. Kelly 
Richard E. Munro 

Mr. Fisher was elected on the first ballot; Ms. Kelly and Mr. Munro were 
elected on the second ballot. 

Following the election of Officers and Directors, a panel discussion entitled 
“Implications of Risk Retention Pools ” was presented. Those participating 
were : 

Moderator: Mavis A. Walters 
Vice President 
Insurance Services Office 

Panelists: Dennis R. Connelly 
Counsel 
American Insurance Association 

Warren P. Cooper 
Senior Vice President & Actuary 
Insurance Company of North America 

Robert K. Nelson 
Executive Vice President 
Insurance Administration Center, Inc. 
Consultant 
National Association of Wholesaler Distributors 

At IO:00 a.m. the Presidential Address was given by Mr. W. James 
MacGinnitie. This was followed by an informal discussion and coffee break. 
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At 11:00 a.m. a panel discussion on the topic “The Black Lung Claim 
Controversy” commenced. Those participating were: 

Moderator: Kevin M. Ryan 
President 
National Council on Compensation Insurance 

Panelists: William C. Aldrich 
Vice President 
Hartford Accident and Indemnity Co. 

Robert A. Brian 
General Partner 
Conning & Company 

James De Marce 
Executive Assistant to the Director of the Office of 
Worker’s Compensation Programs 
Department of Labor 

Richard W. Palczynski 
Associate Actuary 
Travelers Insurance Co. 

A luncheon break was held from 12:00 noon to 1:30 p.m. 

The regular session resumed at 1:30 p.m. with a panel discussion entitled 
“Competitive Rating-Some Proposed Changes.” Those participating were: 

Moderator: David G. Hartman 
Vice President & Actuary 
Chubb & Son, Inc. 

Panelists: Thomas W. Jenkins 
Special Counsel to the Director 
Illinois Department of Insurance 

Thomas C. Strohmenger 
Counsel 
Aetna Life & Casualty 

Laura P. Sullivan 
Senior Assistant Counsel 
State Farm Insurance Co. 
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The closing remarks were made by President-Elect Jerome A. Scheibl after 
which the Fall Meeting adjourned at 3:00 p.m. 

In attendance, as indicated by registration records, were 189 Fellows, 110 
Associates, 34 Guests, 11 Subscribers, 12 Students, and 94 spouses. The list 
follows. 

Adler, M. 
Aldrich, W. C. 
Anderson, D. R. 
Atwood, C. R. 
Baer, D. L. 
Bailey, R. A. 
Bartlett, W. N. 
Bassman, B. C. 
Bayley, T. R. 
Beer, A. J. 
Bell, L. L. 
Belvin, W. H. 
Bennett, N. J. 
Ben-Zvi, P. N. 
Bergen, R. D. 
Berry, C. H. 
Bethel, N. A. 
Bickerstaff, D. R. 
Bill, R. A. 
Bishop, E. G. 
Bondy, M. 
Bomhuetter, R. L. 
Bradley, D. R. 
Brian, R. A, 
Brown, J. W. 
Buck, J. E., Jr. 
Carter, E. J., Jr. 
Cis, M. M. 
Collins, D. J. 
Conger, R. F. 

FELLOWS 

Curley, J. 0. 
Dahlquist, R. A. 
Daino, R. A. 
Davis, G. E. 
Degemess, J. A. 
Demers, D. 
Dempster, H. V., Jr. 
Dieter, G. H., Jr. 
Donaldson, J. P. 
Dorval, B. T. 
Drennan, J. P. 
Dropkin, L. B. 
Ehlert, D. W. 
Evans, G. A. 
Faber, J. A. 
Fiebrink, M. E. 
Fisher, W. H. 
Flaherty, D. J. 
Flynn, D. P. 
Ford, E. W. 
Forker, D. C. 
Fossa, E. F. 
Foster, R. B. 
Fowler, T. W. 
Frohlich, K. R. 
Furst, P. A. 
Fusco, M. 
Garand, C. P. 
Gillespie, J. E. 
Gleeson, 0. M. 

Goldberg, S. F. 
Grady, D. J. 
Graham, T. L. 
Grannan, P. J. 
Hafling, D. N. 
Hall, J. A. 
Hartman, D. G. 
Harwayne, F. 
Hazam, W. J. 
Herder, J. M. 
Hermes, T. M. 
Herzfeld, J . 
Hewitt, C. C., Jr. 
Higgins, B. J. 
Honebein, C. W. 
Inkrott, J. G. 
Jaeger, R. M. 
Jean, R. W. 
Jerabek, G. J. 
Johe, R. L. 
Kaliski, A. E. 
Kallop, R. H. 
Kates, P. B. 
Kaufman, A. 
Khury, C. K. 
Kilbourne, F. W. 
Kist, F. 0. 
Klaassen, E. J. 
Klein, D. M. 
Krause, G. A. 
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FELLOWS 

Kuehn, R. T. 
Lamb, R. M. 
Lattanzio, F. J. 
Leonard, G. E. 
Leslie, W., Jr. 
Levin, J. W. 
Liscord, P. S. 
Lo, R. W. 
Lotkowski, E. P. 
Lowe, R. F. 
Luneburg, B. C. 
MacGinnitie, W. J. 
Makgill, S. S. 
Masterson, N. E. 
McCarter, M. G. 
McClenahan, C. L. 
McManus, M. F. 
McMurray, M. A. 
Miccolis, J. A. 
Miccolis, R. S. 
Miller, D. L. 
Moore, B. C. 
Morell, R. K. 
Morison, G. D. 
Muetterties, J. H. 
Munro, R. E. 
Murray, E. R. 
Murrin, T. E. 
Nash, R. K. 
Nelson, D. A. 
Nelson, J. R. 
Newman, S. H. 
O’Brien, T. M. 

Oien, R. G. 
Otteson, P. M. 
Palczynski, R. W. 
Patrik, G. S. 
Perkins, W. J. 
Petersen, B. A. 
Petlick, S. 
Philbrick, S. W. 
Phillips, H. J. 
Pierce, J. 
Pinney, A. D. 
Presley, P. 0. 
Price, E. E. 
Radach, F. R. 
Reichle, K. A. 
Richards, H. R. 
Rodermund , M. 
Roland, W. P. 
Roth, R. J. 
Roth, R. J., Jr. 
Rowland, W. J. 
Ryan, K. M. 
Salzmann, R. E. 
Schaeffer, B. G. 
Scheibl, J. A. 
Schultz, J. J. 
Scott, B. E. 
Sheppard, A. R. 
Shoop, E. C. 
Shrum, R. G. 
Skumick, D. 
Snader, R. H. 
Spitzer, C. R. 

Squires, S. R. 
Stanard, J. N. 
Steeneck, L. R. 
Stephenson, E. A. 
Streff, J. P. 
Strug, E. J. 
Sturgis, R. W. 
Swift, J. A. 
Tatge, R. L. 
Taylor, J. C. 
Teufel, P. A. 
Thibault, A. P. 
Tiemey, J. P. 
Toothman, M. L. 
Trist, J. A. W. 
Tuttle, J. E. 
Venter, G. G. 
Verhage, P. A. 
Walters, Ma. A. 
Walters, Mi. A. 
Webb, B. L. 
Weissner, E. W. 
White, H. G. 
Wilcken, C. L. 
Williams, P. A. 
Wilson, J. C. 
Wiser, R. F. 
Wood, J. 0. 
Wulterkens, P. E. 
Young, R. J. 
Zatorski, R. T. 
Zelenko, D. A. 
Zubulake, T. J. 
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ASSOCIATES 

Jensen, J. P. 
Johnson, L. D. 
Johnson, M. A. 
Johnson, W. H. 
Kaur, A. F. 
Kelly, M. K. 
King, K. K. 
Knilans , K . 
Kolojay, T. M. 
Koski, M. I. 
Kucera, J. L. 
Larose, J. G. 
Leo, C. J. 
Linden, 0. M. 
Livingston, R. P. 
Lowe, S. P. 
Ludwig, S. J. 
Marks, R. N. 
Masella, N. M. 
McIntosh, K. L. 
Meyer, R. E. 
Meyers, G. G. 
Miyao, S. K. 
Morgan, S. T. 
Morgan, W. S. 
Mulder, E. T. 
Myers, N. R. 
Neuhauser, F., Jr. 
Newville, B. S. 
Nickerson, G. V. 
Nolan, J. D. 
Peacock, W. W. 
Pei, K-J. 
Philbrick, P. G. 
Piersol, K. E. 
Potter, J. A. 
Powell, D. S. 

Andler, J. A. 
Barrow, B. H. 
Bartlett, J. W. 
Battaglin, B. H. 
Brahmer, J. 0. 
Chorpita, F . 
Ciezadlo, G. J. 
Cohen, A. I. 
Connell, E. C. 
Connor, v. P. 
Cooper, W. P. 
Corr, F. X. 
Crifo, D. A. 
Crowe, P. J. 
Diamantoukos , C, 
Dodd, G. T. 
Doepke, M. A. 
Driedger, K. H. 
Egnasko, G. J. 
Einck, N. R. 
Feldman, M. F. 
Fisher, R. S. 
Flack, P. R. 
Gaillard, M. B. 
Gannon, A. H. 
Ghezzi, T. L. 
Gottheim, E. F. 
Gould, D. E. 
Granoff, G. 
Hale, J. B. 
Hallstrom, R. C. 
Hayne, R. M. 
Heersink, A. H. 
Henkes, J. P. 
Hex-messy, M. R. 
Hu, D. D. 
Hurley, J. D. 

Pulis, R. S. 
Purple, J. M. 
Ransom, G. K. 
Riff, M. 
Ritzenthaler, K. J. 
Roach, R. F. 
Roman, S. M. 
Sandler, R. M. 
Schneider, H. N. 
Schulman, J. 
Schwartz, A. 
Seiffertt, B. A. 
Shayer, N. 
Sherman, 0. L., Jr. 
Singer, P. E. 
Skrodenis, D. P. 
Smith, F. A. 
Swisher, J. W. 
Taranto, J. V. 
Thompson, P. R. 
Thorne, J. 0. 
Urschel, F. A. 
Vogel, J. F. 
Wade, R. C. 
Waldman, R. H. 
Walker, G. M. 
Warren, J. C. 
Wasserman, D. L. 
Weiner, J. S. 
Weller, A. 0. 
Westerholm, D. C. 
Whatley, M. W. 
White, F. T. 
White, J. 
Whitman, M. 
Yatskowitz, J. D. 
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Anderson, C. A. 
Bell, A. M. 
Belton, E. F. 
Benktander, G. 
Boyd, L. H. 
Caldwell, J. L. 
Carpenter, J. G. 
Colvin, S. P. 
Connolly, D. R. 
Costner, J. E. 
Coutu, G. R. 
Davenport, E. 
Davies, R. W. 
Domfeld , J . 
Earls, R. R. 
Eckley, D. A. 
Elisburg , D. 
Farmer, D. M. 
Fewster, L. B. 

GUESTS-SUBSCRIBERS-STUDENTS 

Grace, W. L. 
Gustafson, D. R. 
Hager, G. A. 
Hager, W. D. 
Harms, T. E. 
Hatfield, B. D. 
Havens, C. W., III 
Heagen, M. G. 
Hopkovitz, M. D. 
Jackson, R. A. G. 
Jenkins, T. W. 
Jensen, P. A. 
Jurschak, J. F. 
Kellison, S. G. 
Kimball, S. L. 
Knox, F. 
Koupf, G. 
Larsen, R. 
MacKay, B. 

Moak, R. 
Munson, B. L. 
Reade, D. M. 
Rech, J. E. 
Reott, J. 
Reutershan, D. E. 
Rushton, I. L. 
Schmitt, A. J. 
Sharp, C. A. 
Smith, J. 
Smith, M. J. 
Spangler, J. L. 
Steinhauser, J. 
Stenmark, J. A. 
Stevens, E. 
Strohmenger, T. C. 
Sullivan, L. P. 
Whitby, 0. 
Young, B. 

Respectfully submitted, 

DAVID P. FLYNN, 
Secretary 
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REPORT OF THE SECRETARY 

The purpose of this report is to bring the membership up to date on the 
activities of the Board of Directors and its various committees during the past 
year. 

In reviewing the minutes of the four Board meetings held since my last 
report to you, it became apparent that our principal activities were more inner- 

rected than external. I will briefly review some of the major items on which 
e Board took action. 

(1) Nomination and Election Procedures 

A Task Force was established in November, 1979 under the direction 
of Mr. Robert Foster to review the existing nomination and election 
procedures for CAS offices. These procedures were last formally re- 
viewed in 1969. The report of the Task Force was presented to the 
Board at its September, 1980 meeting. Among other items, the Task 
Force recommended a sequence of preferential ballots followed by mail 
balloting conducted approximately 30 days prior to the Annual Meeting. 
The most recent Actuarial Review carried a full article on the report. 
The Board would appreciate hearing comments from the members before 
a decision is made in March 1981. 

(2) Review of Papers 

Acting on comments received from the committee, authors, and potential 
authors, the Board authorized the expansion of the Committee on Re- 
view of Papers from five to six members, with the chair now acting as 
a non-voting administrator. In the future, authors will deal directly with 
the chairman. This, we believe, will speed up work and eliminate some 
of the written correspondence which is now necessary. 

(3) Review of Anti-Trust Exposure 

In the event that the McCarren-Ferguson Act were repealed, the Board 
commissioned a review of potential CAS exposure to the federal anti- 
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trust laws arising from the routine conduct of Society affairs. Mr. 
Michael Fusco carried out this review and concluded that our present 
meeting formats and committee structures are consistent with those of 
a learned society and, of themselves, should not subject the CAS to 
anti-trust action. Members interested in more information about this area 
should refer to Mr. Fusco or to the booklet developed by Mr. William 
Hager of the American Academy of Actuaries. 

(4) CAS Textbook 

Acting on a report from a review committee, the Board decided that the 
textbook should not be published in its present form. The present draft 
was sent to the Education Committee for consideration of the use of the 
individual chapters as separate study notes. A working group was es- 
tablished to report to the Board on the need, intended readership, con- 
tents, and methods of production of a future CAS Textbook. 

In addition to these areas, the Board reviewed the activities of all of its 
committees and our regional affiliates. Action is proceeding in many areas: 
Career Enhancement, Public Relations, Risk Classification, Continuing Educa- 
tion, Professional Conduct, Reserves, Long Range Planning, and Editorial. 
These committees and others are working diligently at their tasks. 

On the administrative side, the Board appointed Mr. Phillip N. Ben-Zvi to 
the Board to fill the unexpired term of Mr. C. K. Khury who resigned to serve 
as Editor. Mr. David Forker resigned as Editor because of business demands. 

The good news on membership fees is that 1981 membership dues will not 
be increased. The bad news on 1981 examination fees is that: 

1. Examination fees for Parts 1 through 4 will be increased $5.00 per part; 

2. Examination fees for Parts 5 through 10 will be increased $10.00 per 
part; and 

3. Administrative fees for exam transfers and refunds will be increased to 
$10.00 from $5.00. 

During 1980, we welcomed 58 new Associates and 38 new Fellows to our 
ranks. Total membership now stands at approximately 890. Registrations were 
received for 1147 examinations for Parts 5 through 10. 

Total cumulative contributions to the Joint Solicitation for Minority Student 
Scholarships amount to $31,310. 



252 REPORT OF THE SECRETARY 

The Fraternal Actuarial Association announced its dissolution effective Sep- 
tember, 1980. 

Finally, let me again extend my thanks to all of you who aided in the 
administrative work of the Society during the past year. Many additional duties 
were added to the shoulders of Edith Morabito and Carole Olszewski of our 
New York office and to my own secretary, Pamela Sawas. Their work has again 
been invaluable and deeply appreciated. 

Respectfully submitted, 

DAVID P. FLYNN 

Secretary 
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REPORT OF THE TREASURER 

The audited financial statement for the fiscal year ended September 30, 1980 
shows a decline in assets of $16,126.60 but an even greater decline in liabilities 
of $33,420.00, for an overall increase in Members’ Equity of $17,293.40. 

The net increase from interest income for the Michelbacher and Dorweiler 
Funds as well as donations to the newly established CAS Trust amounted to 
$2,489.36, while the net gain from CAS regular operations was $14,804.04. 
This came about principally because of a $5,000 increase in the sale of Readings 
over the amount budgeted, a savings of almost $4,000 from anticipated printing 
expenses, and an increase in interest received. 

The primary reason for the reduction in liabilities was the faster payout for 
CAS Proceedings. The corresponding reduction in assets invested was offset by 
a switch to higher yield assets, specifically an interest-bearing checking account 
and a money market fund. 

Next year’s budget, which is based upon no increase in dues, is expected 
to yield another small increase in surplus, barring any major unforseen contin- 
gencies which have affected some of the other actuarial bodies, such as expanded 
legal and office expenses. The CAS surplus in the past year would have covered 
about seven months of incurred expenses, while next year it is estimated to be 
equivalent to about 7.4 months worth of expenses. 

The CAS office expenses continue to be efficiently handled through a co- 
operative agreement with the National Council, which has projected only a 
modest increase in its expenses billable to the CAS for 1981. Offsetting that 
and some of the increase in printing expenses is an increase in exam fees for 
1981, up $10 per CAS exam, paralleling the increase in the exams jointly 
sponsored with the Society of Actuaries. 

One other point worth noting is the clarification that in the future all funds 
payable to the CAS should be remitted in U.S. currency, to avoid the inequity 
and bookkeeping inconvenience of dealing with exchange rates for foreign 
currencies. Inequities could occur, for example, by the payment of fees to the 
CAS in Canadian currency, while refunds are transmitted in U.S. funds. 

Respectfully submitted, 

MICHAEL A. WALTERS 
Treasurer 
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FINANCIAL REPORT 
Fiscal Year Ended g/30/80 

Income Disbursements 

Dues $ 
Exam fees 
Meetings 
Sale of Proceedinos 
Sale of Readings y.. 
Invitational program 
Interest................. 
Actuarial Review 
Miscellaneous 

55.437.00 Printing 8 stationery.. $ 53,002.18 
35,334.97 Office expenses 51,407.76 
76,070.45 Examination expenses 1.250.16 
13322.52 Meeting expenses 82,357.02 
10.716.83 Library. 817.50 

3,125.OO Math. Assoc. of America 1,500.00 
14,178.37 Insurance 4.223.00 

254.86 Dues overpayment.. 100.00 
-728.04 Miscellaneous 452.30 

Total $ 209.913.98 Total 5195,109.92 

Income ................ $ 209,913.96 
Disbursements .......... 195.109.92 

Change in Surplus $+14,804.04 

ACCOUNTING STATEMENT 

9130179 9/30/80 Change ~ ___ 

Bank accounts $ 86.328.17 $ 28.818.51 $-57,509.86 
Money market fund 65,064.06 +65,064.06 
U.S. Treasury Bonds 4,325.OO -4.325.00 
US. Treasury Notes.. 124.535.00 99,535.oo -25,OOO.OO 
Accrued income _................... 11.396.00 17,040.00 + 5,644.OO 

Total $226,584.17 $210,457.57 $- 16,126.60 

Liabilities 

Office services ..................... $ 22.872.00 $ 12.612.00 $- 10.260.00 
Printing expenses .................. 49.342.00 32,542.OO - 16,800.oO 
Examination expenses ............. 0 300.00 +300.00 
Minority Education fund ............ 7,150.oo 0 -7,150.oo 
Other .............................. 1o.M) 500.00 +490.00 ~ ___ ~ 

Total.. ......................... $ 79,374.OO $ 45.954.00 $-33,420.OO 

Members’ Eqwty 

Michelbacher fund, $ 34,131.43 $ 36.266.88 $ 1-2.135.45 
Dorweiler fund 7,681.49 7.757.60 +76.11 
CAStrust .._... 0 277.80 + 277.80 
Surplus 105.397.25 120.201.29 + 14,804.04 ~ ~ 

Total. $147,210.17 $164,503.57 $+17.293.40 

Michael A. Walters 
T”?.%Wrer 

This is to certify that the assets and accounts shown I” the above financial 
statement have been audited and found to be correct. 

Finance Commtttse 
Walter J. Fitzgibbon, Jr., Chairman 
Glenn W. Fresch 
David M. Klein 
James W. Thomas 
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1980 EXAMINATIONS-SUCCESSFUL CANDIDATES 

Examinations for Parts 5, 7 and 9 of the Casualty Actuarial Society syllabus 
were held on November 1 and 2, 1979 and on November 17 and 18, 1980. 
Examinations for Parts 6, 8 and 10 were held on May 7 and 8, 1980. 

Parts 1, 2, 3 and 4 are jointly sponsored by the Casualty Actuarial Society 
and the Society of Actuaries. These exams were given in November of 1979, 
May of 1980 and November of 1980. Candidates who passed these exams were 
listed in the joint releases of the two Societies. 

The Casualty Actuarial Society and the Society of Actuaries jointly awarded 
prizes to the undergraduates ranking highest on the General Mathematics ex- 
amination. For the November, 1979 examination the $200 prize was awarded 
to Gregory J. Pastino. The additional $100 prize winners were Timothy P. 
Hesterbert, Stephen R. Hilding, Chun-Nip Lee and David C. Scheinerman. For 
the May, 1980 examination, the $200 prize was awarded to Miller S. Puckette. 
The additional $100 prize winners were Paul M. Green, David S. Laster, Denis 
Latulippe and Harlan Messinger. For the November, 1980 examination, the 
$200 prize was awarded to Robert L. Zako. The additional $100 prize winners 
were James R. Braue, Chiao S. Chung, Manuel V. Hidalgo, Bud Chiv Kwan 
and Eric L. Taillefer. 

The following candidates were admitted as Associates and Fellows at the 
May, 1980 meeting as a result of their successful completion of the Society 
requirements in the November, 1979 examinations: 

FELLOWS 

Bass, Irene K. Giambo, Robert A. 
Beer, Albert J. Lattanzio, Francis J. 
DiBattista, Susan T. O’Neil, Mary L. 
Dolan, Michael C. Rodgers, Beatrice T. 
Faga, Doreen S. Rowland, William J. 

Van Slyke, Oakley E. 
Weissner, Edward W. 
Wisecarver, Timothy L. 
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Berens, Regina M. 
Brown, Nicholas M., Jr. 
Burger, George 
Campbell, Catherine J. 
Clark, David G. 
Dean, Curtis G. 
Dodd, George T. 
Easton, Richard D. 
Edie, Grover M. 
Engles , David 
Goldfarb, Irwin H. 
Gorman, Deborah A. 

ASSOCIATES 

Hayne, Roger M. 
Horowitz, Bertram A. 
John, Russell T. 
Johnson, Judy A. 
Jones, Bruce R. 
Koch, Leon W. 
Larsen, Michael R. 
Leo, Carl J. 
Leong, Winsome 
Linden, Orin M. 
Lombardo, John S. 
McDaniel, Gail P. 

Mealy, Dennis C. 
Meyers, Glenn G. 
Pinto, Emanuel 
Seguin, Louis G. 
Surrago , James 
Thompson, Kevin B. 
Walker, Roger D. 
Weidman, Thomas A. 
Weiland, William T. 
Woods, Patrick B . 
Younger-man, Hank 

The following is the list of successful candidates in examinations held in 
November, 1979: 
Part 5 
Addie, Barbara J. 
Allin, Larry V. 
Alpert, Bradley K . 
Balling, Glenn R. 
Baum, Edward J. 
Belden, Stephen A. 
Biscoglia, Terry J. 
Blanchard, Ralph S., III 
Boone, James P. 
Braithwaite, Paul 
Brown, Nicholas M., Jr. 
Bujaucius, Gary S. 
Bursley, Kevin H. 
Callahan, James J. 
Carpenter, Thomas S. 
Carponter, John D. 
Chuck, Allan 
Colgren, Karl D. 
Conlon, Aileen M. 
Dembiec, Linda A. 
Diss, Gordon F. 
Egnasko, Valere M. 
Ehrlich, Warren S. 

Ellefson, Thomas J. 
Faltas, Bill 
Frost, Stanley R., Jr. 
Fueston, Loyd L., Jr. 
Gerard, Felix R. 
Gillespie, Bryan C. 
Goldberg, Terry L. 
Guarini, Leonard T. 
Hanover, Richard F. 
Hofmann, Richard A. 
Holmberg, Randall D. 
Horowitz, Bertram A. 
Josephson, Gary R. 
Josephson, Philip K . 
Klawitter, Warren A. 
Kollmar, Richard 
Kurtinaitis , Charles R . 
LeClair, Peter T. 
Liuzzi, Joseph R. 
McDaniel, Gail P. 
McIntosh, Karol A. 
Miner, Neil B . 
Moore, Gregory A. 

Moy, Kenneth W. 
Musante, Donald R. 
Muza, James J. 
Nelson, Cheryl L. 
O’Connor, Michael P. 
Pearce, Leesa I. 
Port, Rhonda D. 
Rapoport, Andrew J. 
Robbins, Kevin B. 
Rodby, Craig R. 
Sanders, Robert L. 
Somers, Edward C. 
Soul, Harry W. 
Townsend, Christopher J. 
Tucker, Warren B . 
Walker, Glenn M. 
Watson, Lois A. 
Wilson, Ronald L. 
Winkelstein , Jerome 
Yonkunas, John P. 
Young, Bryan G. 
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Part 7 
Behan, Donald F. 
Berens, Regina M. 
Boley, Russell A. 
Brown, Robert L. 
Burger, George 
Campbell, Catherine J . 
Campbell, Kenrick A. 
Chemick, David R. 
Ciezadlo, Gregory J. 
Clark, David G. 
Dean, Curtis G. 
Dodd, George T. 
Doellman, John L. 
Easton, Richard D. 
Edie, Grover M. 
Edwalds, Thomas P. 
Engles , David 
Faga, Doreen S. 
Fahrenbach, John J., Jr. 
Friedberg, Bruce F. 
Gannon, Alice H. 
Godbold, Nathan T. 
Goldfarb, Irwin H. 

Part 9 
Bass, Irene K. 
Bealer, Donald A. 
Beer, Albert J. 
Belvin, William H. 
Biller, James E. 
Connell, Eugene C. 
Dawson, John 
Demers , Daniel 
DiBattista, Susan T. 
Doepke, Mark A. 
Dolan, Michael C. 
Driedger, Karl H. 
Dussault, Claude 

Gorman, Deborah A. Meyers, Glenn G . 
Hale, Jonathan B . Mill, Ralph A. 
Harrison, David C. Miller, Allen H. 
Hayne, Roger M. Miller, Ronald R. 
Henzler, Paul J. Morgan, William S . 
Ingco, Aguedo M. Murr, Rebecca A. 
Jacobus, Jay A. Newville, Benjamin S. 
Jensen, Patricia A. Pinto, Emanuel 
John, Russell T. Pruiksma, Glenn J. 
Johnson, Judy A. Rapp, Jerry W. 
Johnson, Warren H., Jr. Seguin, Louis G. 
Jones, Bruce R. Steinhauser, John W. 
Kelly, Martin K. Surrago , James 
Koch, Leon W. Thompson, Kevin B. 
Larsen, Michael R. Tom, Darlene P. 
Lattanzio, Francis J. Wainscott, Robert H. 
Leo, Carl J. Walker, Roger D. 
Leong, Winsome Warren, Jeffrey C. 
Linden, Orin M. Weidman, Thomas A. 
Lombardo, John S. Weiland, William T. 
Ludwig, Stephen J. Woods, Patrick B. 
McCollum, Richard C. Youngerman, Hank 
Mealy, Dennis C. Yunque, Mark A. 

Evans, Glenn A. 
Furst, Patricia A. 
Gaillard, Mary B. 
Ghezzi, Thomas L. 
Giambo, Robert A. 
Gottheim, Eric F. 
Hallstrom, Robert C. 
Heersink, Agnes H. 
Hennessy, Mary E. 
Herder, John M. 
Hibberd, William J. 
Higgins, Barbara J. 
Ingco, Aguedo M. 

Isaac, David H. 
Jameson, Stephen 
Johnson, Larry D. 
Koski, Mikhael I. 
Lederman, Charles M. 
Lo, Richard W. 
Lotkowski, Edward P. 
Mahler, Howard C. 
McCarter, Michael G. 
McMurray , Michael A. 
Miyao, Stanley K. 
Murad, John A. 
Myers, Nancy R. 
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Part 9 
O’Neil, Mary L. 
Piersol, Kim E. 
Purple, John M. 
Racine , Andre R. 
Ransom, Gary K . 

Rodgers, Beatrice T. Weissner, Edward W. 
Rowland, William J. White, Jonathan 
Schwartz, Allan I. Wisecarver, Timothy L. 
Sobel, Mark J. Zatorski, Richard T. 
Van Slyke, Oakley E. Zicarelli, John D. 

The following candidates were admitted as Associates and Fellows at the 
November, 1980 meeting as a result of their successful completion of the 
Society requirements in the May, 1980 examinations: 

Baer, Debra L. 
Belvin, William H. 
Bradley, David R. 
Cis, Mark M. 
Covney, Michael D. 
Dahlquist, Ronald A. 
Demers, Daniel 
Evans, Glenn A. 
Furst, Patricia A. 

Brown, Robert L. 
Ciezadlo, Gregory J. 
Cohen, Arthur I. 
Connell, Eugene C. 
Driedger, Karl H. 
Gannon, Alice H. 
Hale, Jonathan B . 

FELLOWS 

Herder, John M. 
Higgins, Barbara J. 
Jameson, Stephen 
Lo, Richard W. 
Lotkowski, Edward P. 
Lowe, Stephen P. 
McCarter, Michael G. 
McMurray, Michael A 
Miccolis, Robert S 

ASSOCIATES 

Hu, David D. 
Kelly, Martin K. 
Knilans, Kyleen 
Ludwig, Stephen J. 
Miller, Ronald R. 
Moody, Rebecca A. 
Morgan, William S. 

Morell, Roy K. 
Roth, Richard J., Jr. 
Schaeffer, Bernard G. 
Shrum, Roy G. 
Thibault, Alain P. 
Tuttle, Jerome E. 
Zatorski. Richard T. 

Pei , Kai- Jaung 
Pruiksma, Glenn J. 
Sherman, Ollie L., Jr. 
Walker, Glenn M. 
Warren, Jeffrey C. 
Yatskowitz, Joel D. 
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The following is the list of successful candidates in examinations held in 
May, 1980: - 

Part 6 
Addie, Barbara J. Fleming, Kirk G. 
Allin, Larry V. Fortunato, Stephen J. 
Almer , Monte Friedman, Howard H. 
Anson, Donald W. Fueston, Loyd L., Jr. 
Bear, Robert A. Gannon, Alice H. 
Belden, Stephen A. Gillespie, Bryan C. 
Bertrand, Francois Goldberg, Terry L. 
Biscoglia, Terry J. Gorman, Linda A. 
Blanchard, Ralph, S., III Hale, Jonathan B . 
Boone, James P. 
Braithwaite, Paul 
Brown, Robert L. 
Camp, Jeanne H. 
Carpenter, Thomas S. 
Carponter, John D. 
Chemick, David R. 
Chou, Li-Chaun L. 
Chuck, Allan 
Ciezadlo, Gregory J. 
Cimini, Edward D., Jr. 
Clinton, R. Kevin 
Cohen, Arthur I. 
Colin, Barbara 
Conlon, Aileen M. 
Connell, Eugene C. 
Cur-ran, Kathleen F. 
Davidson, Shelley T . 
Dembiec, Linda A. 
Driedger, Karl H. 
Dudick, Alicia J. 
Dupuis , Camille 
Faltas , Bill 

Holmberg, Randall D. 
Hu, David D. 
Josephson, Gary R. 
Katz, Aaron J. 
Keatts, Glenn H. 
Knilans , Kyleen 
Lacefield, David W. 
Leung, Kung L. 
Licht, Peter M. 
Llewellyn, Barry I. 
Loucks, William D., Jr. 
Ludwig, Stephen J. 
Martin, Paul C. 
Matthews, Robert W. 
McAllister, Kevin C. 
McIntosh, Karol A. 
Miller, Ronald R. 
Moody, Andrew W. 
Moody, Rebecca A. 
Moore, Gregory A. 
Morgan, William S . 
Morris, Barbara W. 
Muza, James J. 

Onufer, Layne B . 
Pearce, Leesa I. 
Pei , Kai- Jaung 
Pelletier, Bernard A. 
Port, Rhonda D. 
Prill, Donna A. 
Pm&ma, Glenn J. 
Rodby, Craig R. 
Rosenberg, Deborah M. 
Sakowitz, Reina M. 
Sanders, Robert L. 
Sarosi, Joseph F. 
Scholl, David C. 
Schwartzman, Joy A. 
Sherman, Harvey A. 
Sherman, Ollie L., Jr. 
Silverman, Mark J. 
Somers, Edward C. 
Tucker, Warren B. 
Vaillancourt, Jean 
Vaughan, Robert C. 
Vitale, Lawrence A. 
Walker, Glenn M. 
Warren, Jeffrey C. 
Watkin, Mark 
Wilkinson, Margaret E. 
Wiseman, Michael L. 
Yatskowitz, Joel D. 
Yingling, Mark E. 
Yonkunas, John P. 
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Part 8 
Berens, Regina M. 
Campbell, Catherine J. 
Cloutier, Guy 
Cohen, Howard L. 
Dean, Curtis G. 
Demers , Daniel 
Doellman, John L. 
Doepke, Mark A. 
Drummond-Hay , Eric T. 
Duffy , Thomas J. 
Dussault, Claude 
Easton, Richard D. 
Egnasko, Gary J. 
Engles , David 
Fasking, Dennis D. 
Gaillard, Mary B . 

Part 10 
Baer, Debra L. 
Belvin, William H. 
Boison, LeRoy A. 
Bradley, David R. 
Brown, Nicholas M., Jr. 
Christiansen, Stephan L. 
Cis, Mark M. 
Covney , Michael D. 
Dahlquist, Ronald A. 
Evans, Glenn A. 
Fisher, Russell S. 
Furst, Patricia A. 
Grant, Gary 
Haner, Walter J. 

Goldfarb, Irwin H. 
Gottheim, Eric F. 
Heersink, Agnes H. 
Hennessy, Mary E. 
Herder, John M. 
Hibberd, William J. 
Horowitz, Bertram A. 
Johnson, Marvin A. 
Kleinman, Joel M. 
Koch, Leon W. 
Kucera, Jeffrey L. 
Lafontaine, Gaetane 
Lange, Dennis L. 
LaRose, J. Gary 
Larsen, Michael R. 
Lederman, Charles M. 

Herder, John M. 
Herman, Steven C. 
Higgins, Barbara J. 
Jameson, Stephen 
John, Russell T. 
Johnston, Thomas S. 
Lo, Richard W. 
Lotkowski, Edward P. 
Lowe, Stephen P. 
McCarter, Michael G. 
McMurray, Michael A. 
Miccolis, Robert S. 
Morell, Roy K. 
Neis, Allan R. 

Linden, Orin M. 
Mellia, Joanne C. 
Pachyn, Karen A. 
Pastor, Gerald H. 
Piazza, Richard N. 
Piersol, Kim E. 
Pinto, Emanuel 
Racine, Andre R. 
Ransom, Gary K. 
Sansevero, Michael, Jr. 
Sweeny, Andrea M. 
Wasserman, David L. 
Weiland, William T. 
White, Jonathan 
Wilson, Ronald L. 
Wilson, William F. 

Newville, Benjamin S. 
Niswander, Ray E., Jr. 
Roth, Richard J., Jr. 
Schaeffer, Bernard G. 
Shrum, Roy G. 
Sobel, Mark J. 
Taranto, Joseph V. 
Thibault, Alain P. 
Truttmann, Everett J. 
Tuttle, Jerome E. 
Van Ark, William R. 
Woods, Patrick B . 
Zatorski, Richard T. 
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The following candidates will be admitted as Associates and Fellows at the 
May, 1981 meeting as a result of their successful completion of the Society 
requirements in the November, 1980 examinations: 

Brown, Nicholas M., Jr. 
John, Russell T. 
Ledbetter, Alan R. 
Lehman, Merlin R. 

Abramson, Gary R. 
Bertrand, Francois 
Blanchard, Ralph S., III 
Boison, LeRoy A., Jr. 
Boone, James P. 
Camp, Jeanne H. 
Carponter, John D. 
Chemick, David R. 
Chuck, Allan 
Clinton, R. Kevin 
Colin, Barbara 
Davidson, Shelley T. 
Douglas, Frank H. 

FELLOWS 

Lombardo, John S. 
Miller, Michael J. 
Niswander, Ray E., Jr. 
Rapp, Jerry W. 

ASSOCIATES 

Ehrlich, Warren S . 
Gluck, Spencer M. 
Holmberg , Randall D . 
Josephson, Gary R. 
Keatts, Glenn H. 
Lange, Dennis L. 
Liuzzi, Joseph R. 
Lobosco, Virginia R. 
McAllister, Kevin C. 
Montigney, Brian A. 
Mueller, Conrad P. 
Munt, Donna S . 
Muza, James J. 

Rosenberg, Martin 
Wickwire, James D., Jr. 
Woods, Patrick B . 

Orlowicz, Charles P. 
Pachyn, Karen A. 
Pearce, Leesa I. 
Pelletier, Bernard A. 
Ryan, John F. 
Sanders, Robert L. 
Silverman, Mark J. 
Suchoff, Stuart B. 
Tom, Darlene P. 
Truttmann, Everett J . 
Wilkinson, Margaret E. 
Wiseman, Miahael L. 
Yonkunas, John P. 

The following is the list of successful candidates in examinations held in 
November, 1980: 

Part 5 
Abell, Ralph L. 
Allaben, Mark S. 
Barclay, David L. 
Barlow, Pamela J. 
Bear, Robert A. 
Bensimon, Abbe 
Bhagavatula, Raja R. 
Boccitto, Bonnie L. 
Boley, Russell A. 
Boulanger , Francois 

Bouska, Amy S. DeConti, Michael A. 
Bowen, David S. Deutsch, Robert V . 
Brockmeier, Donald R. Dominiak, Lynn A. 
Burks, Michael L. Downer, Robert B 
Cantin, Claudette Duffy , Brian 
Carlton, Kenneth E. Edmondson, Alice H. 
Coffin, John D. Epstein, Michael 
Colin, Barbara Farwell, Randall A. 
Costner, James E. Fleming, Kirk G. 
Cutler, Janice Z. Forney, John R., Jr. 
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Part 5 
Gillam, William R. 
Gilles, Joseph A. 
Gorman, Linda A. 
Halpert, Aaron 
Harwood, Catherine B 
Haskell, Gayle E. 
Henzler, Paul J. 
Hoppe, Kenneth J. 
Howald, Ruth A. 
Human, Joyce K. 
Johnson, Andrew P. 
Keatts, Glenn H. 
Kelley, Kevin J. 
Kolk, Stephen L. 
Kostka, Thomas C. 
Koupf, Gary I. 
Krakowski, Israel 
Lacefield, David W. 
Lacko, Paul E. 
Lee, Diana 

Part 7 
Abramson, Gary R. 
Alpert, Bradley K. 
Amundson, Richard B . 
Baum, Edward J. 
Bell, Charles T. 
Bertrand, Francois 
Blanchard, Ralph S . , III 
Boison, LeRoy A., Jr. 
Boone, James P. 
Brahmer, John 0. 
Bursley, Kevin H. 
Camp, Jeanne H. 
Carponter, John D. 
Chuck, Allan 
Clinton, R. Kevin 
Davidson, Shelley T. 

Levine, George M. 
Lonergan, Kevin F. 
Lonergan, Thomas X. 
Loucks, William D., Jr. 
Martin, Paul C. 
Mashitz, Isaac 
Mayer, Jeffrey H. 
Mendelssohn, Gail A. 
Mittal, Madan L. 
Murdza, Peter J., Jr. 
O’Connell, Paul G. 
Odell, W. H. 
Pelly, Brian G. 
Potts, Cynthia M. 
Rau, Frank J., Jr. 
Raws, Alfred, III 
Rosenberg, Deborah M. 
Sarosi, Joseph F. 
Scholl, David C. 
Schwartzman, Joy A. 

Domfeld, James L. 
Douglas, Frank H. 
Ehrlich, Warren S . 
Epstein, Michael 
Esposito, David L. 
Fasking, Dennis D. 
Fiebrink, Dianne C. 
Gapp, Steven A. 
Gluck, Spencer M. 
Haner, Walter J. 
Hapke, Alan J. 
Holmberg, Randall D. 
Jaso, Robert J. 
Josephson, Gary R. 
Keatts, Glenn H. 
Lange, Dennis L. 

Sherman, Harvey A. 
Siewert, Jerome J. 
Smith, Byron W. 
Smith, Richard A. 
Splitt, Daniel L. 
Strange, Deborah L. 
Tresco, Frank J. 
Varca, John J. 
Wacek, Michael G. 
Wainscott, Robert H. 
Wallace, Thomas A. 
Webster, Patricia J. 
White, Charles S. 
Whiting, David R. 
Wick, Peter G. 
Wilkinson, Margaret E . 
Windwehr, Debra R. 
Woomer, Roy T., III 
Yau, Michael W. 
Yingling, Mark E. 

L&lair, Peter T. 
Leiner, William W., Jr. 
Liuzzi, Joseph R. 
Lobosco, Virginia R. 
McAllister, Kevin C. 
McGuan, Jane A. 
Miller, David L. 
Montigney, Brian A. 
Mueller, Conrad P. 
Muleski, Robert T. 
Munt, Donna S . 
Muza, James J. 
Nikstad, James R. 
Odell, W. H. 
Ogden, Dale F. 
Orlowicz, Charles P. 
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Part 7 

Pachyn, Karen A. 
Pearce, Leesa I. 
Pelletier, Bernard A. 
Petrelli, Joseph L. 
Robbins, Kevin B. 
Rudduck, George A. 

Part 9 
Briere, Robert S . 
Brown, Nicholas M., Jr. 
Campbell, Catherine J . 
Cloutier, Guy 
Cohen, Howard L. 
Corr, Francis X. 
Cundy, Richard M. 
Dean, Curtis G. 
Doellman, John L. 
Drummond-Hay, Eric T. 
Easton, Richard D. 
Engles, David 
Goldfarb, Irwin H. 
Grant, Gary 
Hayne, Roger M. 
John, Russell T. 
Johnson, Judy A. 
Johnson, Marvin A. 

Ryan, John F. 
Sanders, Robert L. 
Silverman, Janet K. 
Silverman, Mark J. 
Soul, Harry W. 
Suchoff, Stuart B. 
Truttmann, Everett J 

Kleinman, Joel M. 
Lafontaine, Gaetane 
LaMonica , Michael A. 
LaRose, J. Gary 
Ledbetter, Alan R. 
Lee, Yoong S. 
Lehman, Merlin R. 
Leong , Winsome 
Linden, Grin M. 
Lombardo, John S . 
Lommele, Jan A. 
Ludwig, Stephen J. 
Mathewson, Stuart B. 
McGovern, William G. 
Mealy, Dennis C. 
Miller, Michael J. 
Miller, Ronald R. 
Moody, Rebecca A. 

Watford, James D. 
Wilkinson, Margaret E . 
Wilson, Ronald L. 
Wiseman, Michael L. 
Yonkunas, John P. 
Young, Bryan G. 

Niswander, Ray E., Jr. 
Parker, Curtis M. 
Pratt, Joseph J. 
Rapp, Jerry W. 
Robertson, John P. 
Rosenberg, Martin 
Schneider, Harold N. 
Seguin, Louis G. 
Smith, Frances A. 
Walker, Roger D. 
Warren, Jeffrey C. 
Wasserman, David L. 
Weidman, Thomas A. 
Wess , Clifford 
Whitman, Mark 
Wickwire, James D., Jr. 
Woods, Patrick B. 
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NEW FELLOWS ADMITTED MAY, 1980: Twelve of the thirteen new Fellows admitted at San Juan are shown with President 
MacGinnitie. 



NEW ASSOCIATES ADMITTED MAY, 1980: Thirty-three of the thirty-eight new Associates admitted at San Juan are shown 
with President MacGinnitie. 

ii 



r 

NEW FELLOWS ADMIlTED NOVEMBER, 1980: Twenty-three of the twenty-five new Fellows admitted at Atlanta 
are shown with President MacGinnitie. 



NEW ASSOCIATES ADMITI’ED NOVEMRER, 1980: Fifteen of the twenty new Associates admitted at Atlanta are 
shown with President MacGinnitie. 5 
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OBITUARIES 

JOHN W. AINLEY 
JOHN L. BARTER 

WILLIAM H. CRAWFORD 
JAMES S. ELSTON 
CARL N. JACOBS 
ARTHUR SAWYER 

DAVID SILVERMAN 
SEYMOUR E. SMITH 
JOHN S. THOMPSON 

FRANK G. WHITBREAD 
W. RULON WILLIAMSON 

J. CLARKE WITTLAKE 

JOHN W. AINLEY 
-1980 

John W. Ainley, a fellow of the Casualty Actuarial Society since 1930, died 
on February 6, 1980 in West Hartford, Connecticut. 

A native of New Britain, Connecticut, Mr. Ainley was an honors graduate 
of Trinity College, Hartford. 

His actuarial career was spent with the Travelers Insurance Companies, 
where he was an actuarial officer. 

He is survived by his wife, Muriel. 

JOHN L. BARTER 
1896-1980 

John L. (Jerry) Barter, a Fellow of the Casualty Actuarial Society since 
1932, died on December 22, 1980 at age 84. 

Jerry was very well liked by all who knew him and is considered the father 
of the casualty actuarial profession at the Hartford. A graduate of the University 
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of California, Jerry joined the San Francisco office of the Hartford Accident 
and Indemnity Company in 1921 as an automobile underwriter. He later moved 
to the compensation and liability area of which he became superintendent in 
1933. 

Jerry anticipated the value of the actuarial function to the company and 
privately pursued his Fellowship while working as an underwriter. Jerry was 
called to the Home Office in 1934 to establish the Rating and Research De- 
partment. He formed the department around the late Robert Sinnott and Harry 
Williams, who subsequently rose to become company President and Chairman 
of the Board. 

In 1936, Jerry was elected Assistant Secretary; three years later he was 
elected Secretary with responsibility for Casualty Underwriting as well as Rating 
and Research. In 1945 Jerry became Vice President. He retired in 1961 after 40 
years of distinguished service with the Hartford. 

He is survived by two sons, Christie C. Barter and John H. Barter, and a 
daughter, Mary Armstrong. 

WILLIAM H. CRAWFORD 
1902-1979 

William H. Crawford, an Associate of the Casualty Actuarial Society since 
1933, died on September 27, 1979 at age 76. 

Bill, whose insurance career spanned 55 years, retired from the Industrial 
Indemnity Company in 1972, having served that company in various financial 
positions since 1951. Prior to joining Industrial Indemnity, Bill served for 24 
years in executive financial and actuarial positions with the Loyalty Group of 
Insurance Companies (now Continental of New York) in New York City, 
Chicago and San Francisco. 

Bill was also a Member of the American Academy of Actuaries and held 
membership in the Financial Executives Institute and the Society of Insurance 
Accountants. He was active as a director of the San Mateo County Heart 
Association. 

He is survived by a son and a daughter. 
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JAMES S. ELSTON 
1890-1980 

James S. Elston, a Fellow of the Casualty Actuary Society since 1922, died 
April 14, 1980 in Winter Park, Florida at the age of 90. 

Mr. Elston was born in Martensdale, Montana in 1890. 

He joined the Travelers Insurance Company in 1913. He was named Assis- 
tant Actuary of the life department in 1919 and was named Associate Actuary 
in 1950 before his retirement in 1955. 

He was a former Vice President and member of the Board of Governors of 
the American Institute of Actuaries, a former member of the council of the 
Actuarial Society of America, a Fellow of the Society of Actuaries and a 
Member of the American Academy of Actuaries. He is survived by his sister, 
Helen Readie; and a grandson, Paul Fortin. 

CARL N. JACOBS 
1895 -1980 

Carl N. Jacobs, an Associate of the Casualty Actuarial Society since 1929, 
died April 21, 1980. 

After Wisconsin’s enactment in 1911 of the first Workmen’s Compensation 
Law in the United States, Mr. Jacobs became the first employee of the newly 
formed Wisconsin Limited Mutual Liability Insurance Company, organized in 
1913 to write this new line of insurance. This company was a predecessor to 
Hardware Mutual Casualty Company and Sentry Insurance. 

In his early career he was active in accounting, statistical and rating bureau 
matters. In 1925 he engaged Woodward, Fondiller and Ryan, consulting actu- 
aries, to make the financial audit and to make a special annual certification of 
the adequacy of loss reserves to his Board of Directors. 

During his 54 year insurance career he advanced to President and Chairman 
of the Board. He was active in many organizations, including the U.S. Chamber 
of Commerce, American Mutual Alliance, and was a Trustee of the American 
Institute for Property and Liability Underwriters. In his honor in 1966, the Carl 
N. Jacobs Lecture Series in Mathematics was established at the University of 
Wisconsin-Stevens Point. 
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ARTHUR SAWYER 
1888-1980 

Arthur Sawyer, an Associate of the Casualty Actuarial Society since 1923, 
died June 1, 1980 in California at the age of 91. 

Mr. Sawyer was born October 18, 1888 in Hazelwood, Indiana. 

He joined the Indianapolis Life Insurance Company in Indianapolis, Indiana 
in 1914. He left in 1919 to join the London Guarantee Accident Company in 
New York City. He served that company for nine years, joining the Royal 
Liverpool Group, a predecessor of Royal Globe, in 1928. During the following 
twenty-five years, he served successively in the Statistical, Treasurer’s and 
Actuarial Departments and retired October 1, 1953. 

He is survived by a daughter, JoAnn Hager of California. 

DAVID SILVERMAN 
1905-1980 

David Silverman, a Fellow of the Casualty Actuarial Society since 193 1, 
died on April 21, 1980 at the age of 75. 

Mr. Silverman was born in Ontario, Canada in 1905. He was a graduate of 
McGill University, where he received a degree in mathematics. 

Mr. Silverman joined the consulting firm of Wolfe, Corcoran and Linder in 
1934 and was named a partner to the firm in 1945. He continued his consulting 
work with Peat, Marwick, Mitchell and Co. when it merged with the Corcoran 
firm in 1965. 

Mr. Silverman was a Member of the Conference of Actuaries in Public 
Practice and the American Academy of Actuaries. 

SEYMOUR E. SMITH 
1913-1980 

Seymour E. Smith, a Fellow and past President of the Casualty Actuarial 
Society, died November 10, 1980 in Hartford, Connecticut at the age of 67. 

Born in New York City, Seymour Smith lived most of his life in the Hartford 
area. He went to work in the Supply Department of The Travelers Insurance 
Companies in 1934, after graduation from Trinity College. In 1937, he trans- 
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ferred to the Actuarial Department where he served until 1943 when he was 
granted a military leave of absence. 

During World War II, he served in the Navy until 1946 when he returned 
to Travelers and became Assistant Secretary in the. Underwriting Department. 
In 1950, he was appointed Secretary and in 1955, Vice President and Actuary. 
He was named Senior Vice President in 1965, a title he held until retirement. 

Mr. Smith became a Fellow of the Casualty Actuarial Society in 1940, 
served as Vice President in 195 1 and 1952 and President in 1953 and 1954. His 
continuing interest in education was highlighted in his presidential addresses 
and was further exhibited by his election as a life trustee of Trinity College 
where he was serving as Secretary of the Board at the time of his death. 

Besides being a leader in his community, his company, and his profession, 
Seymour Smith was a leader in the insurance industry. He served as Chairman 
of the American Insurance Association, President&the National Association 
of Casualty and Surety Executives, a rliHlc an-man of the National Insurance 
Actuarial and Statistical Association. 

Mr. Smith lived in Wethersfield, Connecticut and is survived by his wife 
Margaret Maslin Smith; two sons, Seymour Smith and Malcolm Smith; and a 
daughter Constance Christian. 

JOHN S. THOMPSON 
1884-1979 

John S. Thompson died on October 27, 1979 at the age of 95. Mr. Thompson 
was the last surviving Charter Member of the Casualty Actuarial Society; one 
of the original 97 people who founded the Society in 1914. 

Mr. Thompson was born in 1884, a native of Prince Edward County, 
Ontario, Canada. He attended the University of Toronto where he received the 

’ B.A. and M.A. degrees. 

He became a Fellow of the Actuarial Society of America (which eventually 
became the Society of Actuaries) in 1909, and a Fellow of the British Institute 
of Actuaries in 1911. Mr. Thompson served a very active role in the Society of 
Actuaries, culminating in his term as President from 1932 to 1934. 

Mr. Thompson began his insurance career with the Mutual Life Insurance 
Company of New York in 1905. In 1926, he joined the Mutual Benefit Life 
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Insurance Company of Newark where he worked until his retirement in 1953. 
He served as President of the company from 1946 to 1953. 

Due to his extensive services in the formative years of the Medical-Surgical 
Plan of New Jersey (Blue .Shield), he was voted an Honorary Member of the 
Medical Society of New Jersey. 

Mr. Thompson was very active in community services in New Jersey, and 
received several awards in recognition of his numerous contributions. 

He is survived by three children, nine grandchildren and three great-grand- 
children. 

FRANK G. WHITBREAD 
1904-1979 

Frank G. Whitbread, an Associate of the Ca’sualty Actuarial Society since 
1927, died in Fort Wayne, Indiana on December 8, 1979. 

Mr. Whitbread was born in England in 1904 and graduated in 1924 from 
the University of Manitoba. He became an Associate Actuary with the Great- 
West Life Assurance Company in Winnipeg, later Vice President of the Reliance 
Insurance Company of Pittsburgh, and then Second Vice President of the Lincoln 
National Life Insurance Company of Fort Wayne, Indiana until his retirement 
in 1969. 

Mr. Whitbread was a member of the First Presbyterian Church of Fort 
Wayne and was well known in insurance circles throughout the United States 
and Canada. He was a Fellow of the Society of Actuaries and was a Member 
of the American Academy of Actuaries, the Home Office Underwriters Asso- 
ciation and the Institute of Home Office Underwriters. 

He is survived by his wife, Ruth; a son, E. Peter; a daughter, Frances; a 
sister, Lily; and two brothers, Robert and John. 
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W. RULON WILLIAMSON 
1889-1980 

W. Rulon Williamson, a Fellow of the Casualty Actuarial Society since 
194 1, and a Fellow of the Society of Actuaries, died on July 26, 1980 in 
Windsor, Connecticut at the age of 91. 

Mr. Williamson was born in Wales, New York, on July 1, 1891. Immedi- 
ately after graduation in 1910 he joined the life actuarial department of the 
Travelers Insurance Company. In 1934, he was one of two actuaries who were 
loaned by the private sector to the Committee on Economic Security, established 
by President Franklin D. Roosevelt to develop the Social Security program. Mr. 
Williamson’s responsibility in this connection was in the field of unemployment 
insurance. After this assignment, Mr. Williamson returned to the Travelers, but 
in 1936 he accepted an appointment by the Social Security Board to be its 
Actuarial Consultant (chief actuarial officer). 

In 1947, Mr. Williamson left the government and became president of the 
Wyatt Company when its founder died at a relatively young age. After a few 
years, Mr. Williamson left that company and devoted all of his time to research 
and writing in the field of Society Security. 

All persons who knew him had a very high regard for his sincerity and 
efforts to have the Social Security program serve what he considered an appro- 
priate role. He was always very kind and considerate to those with whom he 
disagreed, and invariably people respected and loved him. 

Besides his intellectual and academic pursuits, he was a great devotee of the 
outdoor life, and was an ardent practicing member of the Potomac Appalachian 
Trail Club. In addition, he was a faithful member of the Episcopalian Church. 
He is survived by two sons, William R. Williamson, Jr. (ASA), and Addison 
H. Williamson. 
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J. CLARKE WITTLAKE 
1910-1980 

J. Clarke Wittlake, an Associate of the Casualty Actuarial Society since 
1939, died October 11, 1980 in Kansas City, Missouri at the age of 70. 

A native of McCook, Nebraska, Mr. W&lake received his bachelor of 
science degree from the University of Nebraska and a masters degree from the 
University of Iowa. 

He served in the U.S. Army in World War II, attaining the rank of major. 

Mr. Wittlake joined the actuarial department of Business Men’s Assurance 
Company in 1936, and served as Actuarial Supervisor, Assistant Actuary, and 
Assistant to the President. 

Mr. Wittlake served as Director and Executive Vice President of home 
office operations before being elected President in 1973. 

After retiring in 1977, he continued with the company as a member of the 
Board of Directors. 

In addition to his membership in the Casualty Actuarial Society, Mr. Witt- 
lake was a Member of the American Academy of Actuaries, Beta Gamma Sigma 
and Pi Mu Epsilon. He was a former member of the board of directors of the 
Greater Kansas City Sports Commission, a former board member and Vice 
President of the Heart of America United Way and Chairman of the corporate 
division of the United Way Campaign. 

Mr. Wittlake is survived by his wife, Jamie; a daughter, Linda Lewis; and 
a grandson. 
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