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Duration, Hiding in A Taylor Series 

by Keith 0. Holler 



Introduction 

Duration has been touted as a tool for measuring the sensitivity of the price, or value, of an 

asset, or liability, whose cash flows are fairly determinable, to changes in interest rates. This 

paper seeks to describe the above relationship in a concrete fashion by expressing the value 

of an asset or liability as a function of the current interest rate. This function is then expanded 

in a Taylor series to illustrate just where the duration concept fits in. After this presentation is 

made, the Taylor series is further employed to illustrate that one may obtain a level of 

immunization as close to complete as desired by essentially matching successive terms in the 

Taylor series, the second of which reflects duration. 

The Fundamental Relationships 

The formula below presents the price of a known stream of cash flows given an interest rate i. 

This paper will assume a flat yield curve for ease of presentation. 

P(i)=xCFt/(l+if 

P(i) is the price of this cash flow and is expressed as a function of the interest rate i. CF, is the 

cash flow at time t. 

The Taylor series for the price at a new interest rate may be expressed as follows: 

P(i+Ai)=P(i)+p’(i)A.i+ “zp’ + 

The change in the interest rate, Ai, has produced a change in the price of P(i + AI) - P(I). It is 

this change in price that is frequently estimated using duration. 

The duration, D(i), of a stream of cash flows as a function of the interest rate i is: 



~tCFt/(l+i)’ 
D(i) = 

zCFt /(I# 

Note the denominator is the price of the cash flow. The second term in the Taylor series, 

P’(r)Ai, can be shown to consist of duration multiplied by a constant and the change in i. 

P’(i) = -D(i)P(i)/(l+i) 

Therefore, using only the first two terms of the Taylor series; the change in the price of the 

instrument, P(i+Ar) - P(r), is often approximated by -D(i) P(i) ti I(l+r). 

This approximation is refined when the third term is considered. However, this term essentially 

reflects the quantity known as convexity. Convexity is defined as: 

CtTF; /(1+-i)’ 

C(i) = 
CC& /(l +i)’ 

The relation to the Talyor series is revealed by determining the second derivative of the price 

as follows: 

P”(i) = $(P’(i)) = -$IcF;(I + i)+“” 

This equals: 
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1 
P”(i) = (1 l i)’ - X (Ci2CF; /(I +i)’ + Et Cl;; /(I +i)‘J] 

OR 

P”(i) = [C(i) + D(i)] P(i)/(l+i)’ 

Therefore, the price of the instrument after a change in interest rates of Ai can be 

approximated by: 

Original Price X (1 - Duration xAiI(l+$ + [Convexity + Duration] x (AI)’ X .5/(1+r)2) 

The use of duration, in the second term of the Taylor series, to determine the change in the 

instrument value is only an approximation. As more terms of the Taylor series are added the 

accuracy improves (note the limit of the series must exist). 

By matching the cash flows of an asset to the cash flow of a liability one is assured that the 

gain or loss on the asset due to changes in the interest rate, will be exactly offset by changes 

in the value of the liability. The assets and liabilities are said to be completely matched or 

immunized against changes in interest rates. This assumes that the cash flows of the asset 

and the liability are fixed. 

Often the duration of assets is matched to the duration of liabilities in an attempt to gain a level 

of immunization when the cash flows are not exactly matched. One of the primary purposes of 

matching duration rather than the entire cash flows is that some of the assets held can be of 

longer maturities to take advantage of the higher yields. When this is done it is often not 

realized that there is a trade-off. As duration matching principally accounts for only the first 

two terms in the Taylor series, the immunization is not complete. Therefore, the price of the 

investment gain from the higher yields is the potential loss resulting from the asset liability 

mismatch. 



Immunization, to any Desired Level 

By matching successive levels of “duration”, thereby matching successive temls of the Taylor 

series, one may gain any given level of desired partial immunization. If one matches all of the 

“duration” terms, then all of the terms of the Taylor series are matched. When this occurs 

complete immunization is achieved and the cash flows are exactly matched. 

To prove the first statement we must assume that the current price of an asset, PA(I), equals 

the price of the liability, P&), and that the price of these items at the interest rates i + Ai exist. 

They can then be represented by: 

Pn(i+b) = PA(/) - DA(/) P~(l)~iil(l+/) + [CA(~) + DA(~)] PA(/) (A/)‘X .5/(1+#... 

PL(i+Ar) = PL(/) - D,(l) P&)&1(1+/) + [C,(r) + D&)] P&) (A$ X .5/(1+1)~... 

Let us assume that the (n+l)st term of the Taylor series equals (-1)” K,,(j) P(I) (&)%!/(I+!)” 

where G(l) is a linear function of the first n duration terms. The jth duration term is 

represented by: 

Ct’CF; /(I 4-i)’ 

D,(I) = 
CCF; /(l +i)’ 

Then given a desired maximum level of mismatch ~0 there exists an integer m such that: 

I 

c K(i)P(i)(~) 
n!(l+i) 4 >I 

for both the asset and the liability. Hence, if we match the first m-l duration terms of the asset 

and the liability, thereby matching the first m-l &(I) terms, we see that the absolute value of PA 



(i + hr) - PL (i + A,) is less than E. That is to say the desired level of immunization has been 

achieved. 

The Lemma 

The lemma can be proven by induction. The earlier discussion on duration already illustrates 

the case where n=l. Let us assume that it is true for n+l and prove the assertion for n+2 then 

the proof of the lemma will be complete. Thus the assumption for n+l can be stated as: 

(-l)“KJi)P(i)(Ai) 
n!(l +i) 

= p”(j)LC!!L 
n! 

For n+2 let us begin with the right side of the equation 

“+I 
$(j) X BL- = 

(n+ l)! 

< (-1)“K,(iFV) x t&i)“” _ 
di (1 + i)” (n+ l)! 

(-1)” (Aij)“” -XL--n~,(i)P(i)+(~+i)P(i)iK~(i)+(l+i)K,(i)$P(i) lx-----= 
(1 i-i)“” (n+l)! 

Unfortunately, we must now trail off on a further aside to confirm that the expression in the 

brackets is in fact equivalent to K,,+,(i). In order to make this aside more presentable, we will 



I not include the interest rate variable. This has been included, up until now, to stress the view 

that duration and price are functions of the interest rate. 

One Of OUT assumptions is that K,, = a,D + a$ + aoDs+ _.. + anDO, Therefore in order to 

differentiate & we must differentiate Di. 

;D = &l-D*, +DD,/ 

We can now restate the derivative of K,, as follows. 

-$K” = &[(-a,C+a,D2)+(-a2D3 +a,DC)+(-a,D, +a,DD,)+...+ 

(-adi +%DD,,) +(-Q,, + aJ0.U 

= f&a,C+a2D3 +a,D,f...+a,D,+, J+&Y 

Returning to the stage of the proof just before this aside, substituting the result of the aside for 
the derivative of I$,, and simplifying we see that: 

(hi)“” (-1)” P(i)(Ai)“’ 
F’“)(n+l/r = (l+i)“‘(n+l)! 

[-n&(i)-(a,C+a,D, +a3D4+...+a,D,,I)] 

= (;;)+:p;@$,+’ [rur,D ( + na, +a,)C+(na, +a,)D,+...+(na, ta‘,,)D. +a,D,+, / 

= f-1)“’ p(i)(b)” I, 
(l+i)*‘(n+l)! 
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and we have proved the lemma. 

The Recursion Formula 

There is an interesting recursive formula that exists for the duration term coefficients above. I 

would liken it to a type of Pascal‘s triangle. The triangle is built as follows: 

K, = D coefficient of 1 

Kz = D+C coefficients of 1 and 1 

The trick begins with &. 

& = allD + aA + auD3 

The coefficients for the previous term are: 

1 1 

We multiply these by n-l, which is in 2 in this case. Then we shift the previous coefficients and 

add. 

2 2 

1 1 

This produces the coefficients. 

&=2D+3C+lDo 

The process would proceed for K, as follows. 

2 3 1 multiplied by 3 yields 

6 9 3 shift and add the prior coefficients 

2 3 1 and voila 

K.,= GD+llC+GD3+D, 

The first term in the K,, expansion is always (n-l)!. The second last term is always the sum of 

the first n-l positive integers. Finally, the last term is always 1. 

The reader may have noticed that the expression of K,, as a linear combination of duration 

terms was not illustrated. This can be shown by induction as well. 
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A Little Hand Waving 

I would like to diverge briefly from the mathematics and discuss the earlier statement that if all 

the duration terms of an asset and a liability are matched then the cash flows are matched. It 

has been pointed out to me that the history of asset liability matching proceeded from a 

primary level at which the goal was to match market values of assets (PA(/)) and liabilities 

(P&)). The next phase was the pairing of assets and liabilities with equivalent yields. Duration 

matching is the first step beyond this level. Duration matching begins to consider the 

probabilistic nature of the price of a stream of cash flows, Duration is often described as the 

mean timing of the cash flows. This interpretation is obtained by examining the definition Of 

duration and assuming that the probability associated with a cash flow at time t is 

[CF,I(~+I)‘]/P(~). The matching of asset and liability durations may be thought of as the 

matching of the mean or first moment of the random variable associated with the timing of 

each cash flow. 

Continuing along this line of reasoning, convexity can be viewed as a variance or second 

moment type quantity. Convexity is an indicator of the level of dispersion of the timing of the 

cash flows. By accounting for duration and convexity one has matched the mean and the 

variance of the timing of the cash flows. 

Matching successive duration terms is equivalent to matching successive moments of t. Once 

all of the moments oft are matched, the timing of the cash flows will be matched. Hence, the 

cash flows are matched. 

This last discussion is by no means “concrete”, but rather a “kind of’ type discussion. It is 

provided to suggest an additional view regarding duration and asset liability matching. 

ConckJsian 

Some people are aware of the relation, as expressed by the Taylor series, between the price 

of an asset or liability and its duration. For those people who are just being introduced to the 

concept of duration, I hope the relations presented in this paper will provide some additional 

insight. 
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Using the Whole Triangle to Estimate Loss Reserves 

by Frank Pierson 
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INTRODUCTION 

This paper will suggest an easy, straightforward way to complement 

the basic methods currently used by most actuaries to estimate 

ultimate losses. Most actuaries use some variation of standard 

loss development or Bornheutter-Ferguson methods. These methods 

can be applied to a variety of data, e.g., paid, incurred, claim 

counts or average severities. The last step of most analyses is 

to apply a development pattern to the latest evaluation of data to 

estimate ultimate values. 

All of these methods rely, to some degree, on analyzing "data 

triangles" to determine the appropriate development patterns. Most 

actuarial papers have concentrated on the appropriate adjustments 

to the underlying data(e.g., Berquist-Sherman) or determining the 

correct way to calculate these patterns(e.g., Sherman, Weiier). 

There is not much written on how to improve the estimate of the 

forecasts after the actuary has developed the factors. 

In this paper, I propose adding a step to the standard methods by 

applying the selected development pattern to all values in the data 

triangle. This step can be used in most methods in use by 

actuaries today and can be applied to data aggregated by policy 

year, underwriting year, accident year or report year. This paper 

uses accident year without loss of generality. 
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CRITIQUE OF STANDARD METHODS 

There are a number of shortcomings associated with the typical 

actuarial analysis. 

Although the historical data is used to select the development 

pattern, once selected, the development pattern is usually applied 

to the data as of the latest evaluation date only. This is 

particularly true when the development pattern is based solely on 

external data. The analysis ignores the fact that historical data 

other than those at the latest evaluation date ever existed, 

however, if the development pattern is correct then it should apply 

equally to data at evaluation dates other than the latest one. 

Given that most projections are a function of the latest diagonal 

only, they are very sensitive to random movements from year to year 

in the known losses even if the selected development pattern 

remains unchanged. The projected ultimates will move up or down 

from year to year solely due to these random movements. There are 

times when these movements are substantial and, therefore, result 

in large movements in the projected ultimate loss. If the 

actuarial analysis truly measured the underlying losses and their 

development pattern, then twelve months of additional data should 

not alter significantly the actuary’s view of the ultimate loss. 

At a minimum, there should be some credibility weighting between 

the latest indication and prior indications. 
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In many loss reserve analyses, the projections tend to creep up or 

down(mainly up) from one evaluation to the next. One standard 

explanation is that the change in ultimate loss was due to 

“unexpected adverse development.” This explanation is valid once 

or twice, but is not valid year after year. At some point, 

continued unexpected development should alert the actuary that the 

method is not matching the data accurately. 
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METHODOLOGY 

This section of the paper will outline the steps needed to add the 

proposed procedure to various standard actuarial techniques. 

Before we start, let's define a little notation. For each accident 

year i, i=1,2,...,n, evaluated at the end of year t, t=1,2,...,n- 

itl: 

Q = n-i+l, i.e., the latest evaluation date of each 

accident year (I will ignore the subscript unless 

needed in the context), 

L(i,t) = 

d(t) = 

U(i,tl = 

Ult(i) = 

Pult(i)= 

XL(i,t)= 

E(i,t) = 

BF(i,t)= 

the cumulative loss for accident year i at 

evaluation date t, 

factor to develop losses evaluated at year t to 

ultimate, 

projected loss based on d(t) and L(i,t), 

selected ultimate for year i, 

a priori ultimate for year i, 

expected cumulative loss for accident year i 

evaluated at the end of year t, 

error term, and 

Bornheutter-Ferguson estimate or accident year i 

evaluated at the end of year t. 
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The d(t)'s are based on the standard analysis and may be based 

solely on the company's actual data, i.e., L(i,t), external data or 

a combination of both. 

For clarity during the discussions that follow, I refer to the 

"standard" method as the one under discussion without the proposed 

additional steps and the "augmented" method as the one with the 

additional steps. 

Both the standard and augmented methods are highly dependent on 

accurate estimates of the loss development patterns including the 

selection of tail factors. The following discussion assumes that 

the selected pattern is accurate (including the appropriate tail 

factors) and that variability in projected ultimates is due to 

random fluctuations. 

Loss Development Method 

The standard loss development method sets the projected ultimate 

loss equal to: 

Ult(i) = L(i,Q)*d(Q). 

This method is criticized, as outlined above, for being much too 

sensitive to movements in losses over the latest calendar period. 

However, if there were multiple projections of ultimate for each 

accident year based on the selected development pattern at various 



evaluation points, this method would be much less sensitive to 

random noise. 

Using the augmented method, one can calculate a "triangle" of 

projected ultimates for each accident year i, t=l,Z,...,Q: 

U(i,t) = L(i,t)*d(t). 

The selected ultimate, Ult(ii, could then be based on some or all 

of the U(i,t) and not just U(i,Q). Exhibit I shows how the 

proposed method could be used in analyzing industry-wide general 

liability paid losses. 

Each U(i,t),t<Q, represents the projected ultimates from the 

standard method at prior evaluations, assuming that the most 

recently selected development pattern applied at all prior 

evaluation dates. The change in U(i,t) for a given accident year, 

say, 1985, approximates the change in the projected ultimate loss 

for 1985 using the standard method. If we assume, simplistically, 

that the ultimate loss under the augmented method equals the 

average of all U(i,j), j=l,...,t, then we can compare the 

variability of loss projections over time between the two methods. 

Exhibit II shows graphically the change over time in the 

projections of ultimate for accident year 1985 based on the 

standard loss development method versus the projections based on 

the proposed method. As you can see, the variability in the 

projected ultimates is less using the augmented method. 
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Bornheutter-Ferguson Method 

The standard Bornheutter-Ferguson method sets the projected 

ultimate loss equal to: 

Ult(i) = L(i,Q)+[Pult(i)-XL(i,Q)], where 

XL(i,Q)= Pult(i)/d(Q). 

This method is commonly described as a combination of the loss 

development method and the expected loss ratio method. The major 

advantage of this method over the loss development method is that 

it is less sensitive to random noise in L(i,t). However, I believe 

that this method loses some of its advantage relative to the loss 

development method due to the fact that it is usually applied to 

the latest diagonal only. The assumption underlying adding 

expected IBNR to L(i,Q) is that future losses are more a function 

of the Pult(i) and d(t) than they are of L(i,Q) because of the 

effect of random noise on L(i,Q). Many times, in practice, Ult(i) 

is significantly different from Pult(i) which may indicate that 

either, or both of Pult(i) and d(q) are incorrect. If, however, 

one assumes that Pult(i) and d(t) are valid, then BF(i,t), t<Q, 

should produce valid estimates of Ult(i) as well. 
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Under the augmented method, one can calculate a “triangle” of 

ultimates for each accident year i, (t=l,Z,...,Q): 

BF(i,t) = L(i,t)+[Pult(iJ-XL(i,t)l. 

The selected ultimate, Ult(i), is then based on all of the U(i,t) 

and not just U(i,Q). Exhibit III shows how the augmented method 

could be used for this method for industry-wide general liability 

paid losses. For the purposes of Exhibit III, Pult(i) is based on 

the results of the loss development analysis. 

One of the major drawbacks of the Bornheutter-Ferguson method is 

that the actuary must select both the development pattern and the 

initial ultimate loss, Pult(i) . The Pult(i) is usually calculated 

by multiplying the ultimate premium for accident year i times an 

expected loss ratio or is based on the result of the prior reserve 

study. If Pult(i) and d(Q) are correct, then Ult(i) should equal 

Pult(i) . A significant difference between Ult(i) and Pult(i) would 

indicate that either Pult(i), d(Q) or both are wrong. Of course, 

the difference could be due to random noise and Pult(i) and d!Q) 

were correct. This determination is made easier by reviewing the 

triangle of BF(i,t) calculated above, e.g., seeing systematic 

increases or decreases in the projections over time. 
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ADVANTAGES OF THE AUGMENTED METHODOLOGY 

Using the augmented methodology can improve the analysis in the 

following ways: 

The actuary now has more than one estimate of ultimate on which to 

base his selections. This reduces the sensitivity of the selected 

ultimate to random fluctuation in L(i,ti. 

Many actuaries use some form of curve fitting to smooth out 

fluctuations in the observed data(for example, see Sherman, Weller, 

Clarke). The tail factor is usually extrapolated from this curve. 

Unfortunately, most curves in use today do not fit the data equally 

well over the entire historical period. For example, many curves 

do not fit well at early maturities (less than 36 months). ThiS 

can be a significant problem since the largest reserves are usually 

associated with the most recent accident years which have data only 

at these early maturities. 

To overcome this problem, two adjustments to the augmented method 

can be made, either individually or together. The first, assuming 

that data exists at early maturities for older accident years, is 

to analyze the historical relationship between the projected 

ultimates at the early maturities to those projected for later 

maturities, e.g., 12 months versus 36 months and subsequent. This 

analysis may indicate whether or not there is any significant and 

systematic bias in the projection at early maturities. The actuary 
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now has information on which to adjust the projections for the less 

mature accident years based on a straight application of the 

underlying method. 

The second adjustment compares the variation in the L(i,t) to the 

variation in the projected ultimates. In many cases, there is a 

relationship between L(i,t) or movements in L(i,t) from one 

accident year to the next and the distortion in projected ultimates 

at early maturities compared to those at later maturities. For 

example, the actuary may believe that for a given data set that 

even though there does not exist any apparent bias in the projected 

ultimates at early maturities, historically, the projected 

ultimates appear to be overstated whenever there is a significant 

increase in L(i,l) over l(i-l,l). Now the actuary is presented with 

the case where L(n,l),represents a significant increase over L(n- 

1,1). How should the projected ultimate for accident year n be 

adjusted? Exhibit IV shows how these adjustments might be 

calculated. 

In addition to calculating an estimate of the expected reserve, 

there is a growing interest on the part of companies for a "range 

of reasonableness" or "confidence interval." This is very 

difficult to develop using most standard methods. The augmented 

method may help the actuary get a better feel for the variability 

in the estimates by analyzing the variance of the historical 

projections either in absolute dollar or relative "error" terms. 

The actual mechanics of this are beyond the scope of this paper. 
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Many times the actuary must deal with changes in either speed of 

payment/closure or case reserve adequacy. This is usually handled 

by either adjusting the data or selecting the development pattern 

based on the latest N diagonals. N is selected to include only the 

data that is consistent with current conditions. By reviewing the 

entire triangle of projected ultimates, the actuary can confirm the 

change by looking for a change in the pattern of ultimates. If 

there is no significant change in the ultimates, the suspected 

underlying change may not have had any significant impact on the 

development pattern. This procedure can also help identify 

unidentified changes which can lead to the need for further 

investigation. 

For any of the standard methods, one can calculate a triangle of 

error terms for each accident year at each evaluation point, 

t=l,Z,...,Q, i.e., 

E(i,t) = [XL(i,t)-L(i,t)l/L(i,t), 

where XL(i,t) is calculated using the method underlying the 

projected ultimate losses. 

If the selected development pattern truly fits the data, then the 

error terms should be randomly distributed with a mean near zero. 

Patterns in the error terms can highlight problems such as auto- 

correlation and other statistical problems. Since the standard 

loss development methods are linear estimators, then the 
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assumptions underlying classic linear regression should apply to 

these methods. As such, if the development pattern is correct, 

then the error terms should have an expected value of zero, equal 

variance (for a given development period)and not be correlated with 

one another. Graphing E(i,t) can help the actuary determine 

whether there is any bias or auto-correlation in the estimates. 

In addition to the standard view of error terms, the actuary can 

also compare expected to actual calendar year losses. This part of 

the analysis is rarely performed, but is one that is important to 

anyone who is concerned with the aggregate cash flow of losses 

across more than one accident year. Relatively small accident year 

errors may mask significant calendar year errors. A large calendar 

year “error” may indicate a significant structural change in the 

loss process during that year, e.g., a change in the claims 

handling or a large commutation. 

The augmented method focuses attention where it belongs, i.e., on 

the variation in the estimated ultimates. We have, as a 

profession, tended to focus on variability in the development 

patterns and how to best evaluate these patterns. We have not 

looked at the variability in the resulting ultimates (one 

significant exception is Stanard) . 

I believe that the augmented method is an improvement over the 

standard method in meeting the four key attributes of a reserving 

system as outlined by Steven Lowe. This procedure improves the 
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stability of the indication from year to year; it objectively 

combines more of the available information in deriving the current 

indication because it uses the entire historical data; and it is as 

integrated and interactive as the standard method. 

DISADVANTAGES OF THE AUGMENTED METHOD 

The augmented method may be less sensitive to changes ir. the 

underlying losses because the selected ultimate loss is based on 

more than data at the latest evaluation. 

The augmented method does not, by itself, eliminate changes in 

Ult(i) from year to year due to changes in the assumed develcpment 

pattern. If the basic analysis indicates a change in the assumed 

pattern, it is not clear whether the standard or augmented method 

would be affected more by such a change. If there is a large 

difference in the assumed development pattern from one year to the 

next without a significant change in the underlying business or 

claims handling practices, one should question the methodolog; used 

in selecting the development pattern. 
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PRACTICAL POINTS 

I have used the augmented method for some time and have a few 

practical observations. 

The augmented method can be used for most lines of business, even 

those that are inherently volatile such as Excess or Surplus Lines, 

or where data volume is sparse. In these lines, many actuaries 

apply Bornheutter-Ferguson for stability because other methods such 

as paid or incurred development methods are too sensitive to 

volatility in the latest value. Since the augmented method adds 

stability to most standard development methods, actuaries might be 

able to use methods other than Bornheutter-Ferguson. More than one 

approach can be more important for these lines of business than for 

lines that are very stable. 

If the selected development pattern is based on the latest N 

diagonals because of a perceived change in the data, it is usually 

appropriate to base the selection of ultimate loss on no more than 

the latest N+l projections. It is inconsistent to exclude 

historical data when calculating the development pattern and then 

to include projections based on the excluded data in selecting the 

final estimate of ultimate. 

The selection of N is not always easy. Sometimes the correct value 

of N is apparent from the data or from discussions with management, 

e.g., the discussions may indicate that a change in claims handling 
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took place three years ago and, therefore, the correct choice for 

N might be 2. When the choice for N is not so apparent, the 

augmented method can help the actuary select the optimal N, 

although the process might be iterative by viewing the effect of 

different values of N on the triangle of ultimates. Typically, the 

data fluctuates up and down period to period and, therefore, the 

standard method may over or understate the ultimate losses 

depending on whether the losses are at a peak or trough. Using 

more than one estimate will smooth out this “expected” variability 

in the estimates. 

If d(t) is correct, then U (i, t) should converge to the true 

ultimate over time. Many times, however, some accident years 

converge while others do not. For example, the older accident 

years might converge while the later years do not. This might 

indicate that some unaccounted for change took place and the 

actuary should investigate further. It may be necessary to use a 

different pattern for the two groups of years. In other cases, the 

years that converge may be spread among years that do not. In 

addition, some years may trend up and others trend down while some 

years move up (or down) for a few evaluations and then down(up) . 

The actuary must use his/her judgment to decide for which years the 

selected pattern is appropriate. 

This procedure should be easy to incorporate into most analyses 

since all the needed elements are already calculated. 
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Although most of the above discussion deals with the loss 

development and Bornheutter-Ferguson methods, it can be adapted for 

other methods as well. For example, the method outlined by Clarke 

fits a curve to cumulative paid or incurred loss ratios for each 

accident year or groups of accident years. If we define R(i,t) as 

the fitted ratio at time t for accident year i, then we can 

calculate a triangle of U(i,t): 

U(i,t) = L(i,t)*R(i,u)/R(i,t), 

where u is when losses reach ultimate. R(i,u)/R(i,t) is equivalent 

to d(t) in this case. If the curve fit is correct, then the 

U(i, t)'s should be stable. Exhibit V reproduces the graph for the 

1981 year of account contained in Mr. Clarke's paper(p. 30) with 

the U(i,t) 's superimposed on it. As expected, the U(i,t) begin to 

converge, but not until after the first 8 quarters. 

In his discussion of Mr. Clarke's paper, John Narvell makes a 

number of observations that are germane to this paper: 

1) "The difference between a simple LDF and the more 
sophisticated approach in this present paper is that the most 
current observation is not simply multiplied by the 
appropriate LDF to ultimate. Rather there is some 
consideration for a random error contained in the endpoint.... 
Effectively each historical data point is given equal 
credibility in the estimation of ultimate losses." 

2) ‘I.. .a major difference between the author's approach and the 
traditional LDF or B-F methods.. . [is that] the negative 
exponential considers only the development patterns for the 
particular year before year t...[and the] traditional LDF or 
B-F methods [consider] only development data (for other years) 
after age t....” 
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3) It... [a] major advantage is that the curve form naturally 
leads to graphical display and interpretation." 

I believe that the augmented methods discussed above compare 

favorably to Clarke's "sophisticated approach" in that they: 

1) consider the random error contained in the end-point, 

2) give some credibility to historical data points, 

3) consider development from both before and after age t, and 

4) they lead naturally to graphical display and interpretation. 

With respect to (2), I do not agree with the implication that 

giving equal credibility to each historical data point is 

desirable. Given how external and internal changes influence 

losses, the latest data points should probably, though not 

automatically, be given greater weight than earlier points. An 

augmented method would allow the actuary to give the appropriate 

weight to each data point. 

With respect to (31, the augmented methods consider both 

development after age t in the calculation of the age-to-ultimate 

development factors and development before age t by selecting the 

ultimate losses as a function of historical projections. 
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With respect to (4), graphing the projected ultimates or error 

terms for an accident year is the quickest way to determine how 

well the development pattern fits the historical data. In 

addition, putting the projections from various methods together in 

a single graph can help the actuary assess the quality of his/her 

estimate. Exhibit VI shows the projected ultimates for two 

accident years based on standard paid and incurred development 

methods. As you can see, the paid and incurred projections for 

accident year 1985 (sheet B) are converging while for accident year 

1983 (sheet A), only the paid projections are converging. The non- 

convergence of the incurred projections would lead me to dig deeper 

into the numbers for that year. 

Different methods are more stable or they converge more quickly 

than others. Bornheutter-Ferguson, for example, tends to converge 

more quickly than paid or incurred development methods. This 

should be expected given the underlying theory of each method. 

SIMULATION 

Based on my usage of this procedure with a wide range of books of 

business, I believe that it increases the stability and 

predictability of the underlying, basic reserve methods. In order 

to put this hypothesis to a stricter test, I propose the following 

simulation of the loss development method (I have not had time to 

model this adequately).. 
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The reader should note that as I worked on the simulation, I found 

it extremely difficult to program the proposed procedure to work 

"correctly" for the latest two accident years in the wide range of 

outcomes created during the simulation because of the amount of 

judgment needed. Therefore, the simulation may have to be limited 

to all but the latest two years. One must keep in mind that the 

augmented method does not make loss reserving mechanical, 

particularly for the most immature accident years; it simply gives 

the actuary more information than the standard methods on which to 

base his/her judgment. The simulation, therefore, should be viewed 

as an approximation at best since it was impossible to include 

"actuarial judgment" for each iteration. 

In order to test the augmented method against the standard method, 

the simulation would have to create a triangle of losses and then 

calculate loss development factors based on that triangle of data. 

Using those items, the simulation would then calculate ultimate 

losses based on the standard and augmented method at various points 

in time, e.g., t=Q-2, Q-l and Q. Each method would produce 

ultimate losses very close to the true ultimates over a large 

number of iterations since both methods are not significantly 

biased. However, the variability in the ultimates from one 

iteration to the next may be significant. The following model 

would compare the variability in the ultimate losses from one 

evaluation point to the next for the standard versus the augmented 

methods. 
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Step 1. 

Select the true ultimate loss for each accident year, L(i,u), and 

the underlying development pattern, d(t). The simulation should 

look at many different situations, e.g.: 

a. L(i,u) = $100 million for all accident years, 

b. L(i,u) increasing at a constant rate, 

c. L(i,u) decreasing at a constant rate, and 

d. L(i,u) = $100 million +/-lO%(uniformly distributed). 

Step 2. 

Assume random noise around d(t) and calculate a "historical" loss 

triangle, i.e., 

L' (i,t) = L(i,u)/[d(t)+(RAND-.5)*2*RN(t)l 

where RAND is a random number uniformly distributed over (0,i) and 

m(t) is the selected range of random noise allowed at each 

evaluation point. RN(t) should decrease "over time" to reflect the 

fact that the random noise apparent in d(t) decreases as losses 

mature. 

Step 3. 

Calculate d'(t) based on the weighted average of all years. The 
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tail could be set equal to the true d(n) in order to eliminate any 

distortion in the results of the simulation due to mis-estimation 

of the tail factor. This assumption should not affect the 

conclusions of this analysis because the simulation is designed to 

compare the relative stability and predictability of the augmented 

versus traditional loss development method. 

Step 4. 

Calculate triangle of U(i, t) based on the L’ (i, t) simulated in step 

2 and d’ (t) calculated in step 3. For the standard method, set 

Ult(i) equal to U(i,Q) . For the augmented method, set Ult (i) equal 

to the average of U(i,t), t=2,3...Q. U (i, 1) is not used except 

when Q-2=1. The most variability is in U(i, 1) and may require 

significant judgment. To minimize the need for judgment in the 

simulation, U(i,l) is not used unless it is the only projected 

ultimate available. 

For each method, the average and standard deviation of the U(i,t) 

values are calculated by accident year. Although both methods 

produce an accurate estimate of the ultimate losses, on average, 

across all iterations, the hypothesis is that: 1) the standard 

method has a larger standard deuiation at each point in time than 

that for the augmented method and 2) there is more variability in 

the ultimates based on the standard method from one evaluation to 

the next than for the augmented method. 
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CONCLUSIONS 

The purpose of this paper is to outline a simple method to help 

actuaries do a better job of projecting ultimate losses, whether 

for pricing or reserving. I hope that it sparks some interest on 

the part of other actuaries. 

I would like to thank John Narvell for the inspiration to write 

this paper and Carol Rennie for making it much easier to read. 
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INDUSTRY COMPOSITE _ MEDICAL MALPRACTICE Exhibit I 

AY 12 
Historical Paid Loss + ALAE at N months - L(i.1) 

36 48 60 72 84 86 

1.517 
1,772 
2,000 

108 

1,631 
1,898 

120 

1982 50 
1983 67 
1984 104 
1985 43 
1986 52 
1987 37 
1988 56 
1989 79 
1990 88 
1991 98 

172 383 675 952 1.197 1,385 
218 487 800 1.121 1.397 1,604 
298 609 973 1,337 1,612 1.836 
254 602 1.025 1.406 1.736 1,924 
261 626 1,006 1,362 1.621 
267 635 1,029 1.348 
338 733 1,092 
396 853 
445 

1.706 

Cum LDFs = d(l) 64 485 11 674 4 747 2.729 1 941 1.569 1 369 1251 1.178 1 129 

AY 12 

1983 
1984 
1985 
1986 

L_-:-f~%g 
1988 
1989 
1990 
1991 

j Cum 1987kvg 

3.224 
4.320 
6,706 
2,773 
3,353 
2,386 
3611 
5:094 
5,875 
6,319 

2.386 

Projected Ultimate Loss + ALAE at N months - U(i.t) = L(i.t)'d(t) 
24 34 44 40 72 84 

2,008 1.818 1,842 1.848 1.878 1,896 
2,545 2.312 2.183 2.176 2.192 2.195 
3,479 2,691 2,655 2.595 2.529 2.513 
2,965 2,658 2.797 2,729 2,723 2,633 
3,047 2.543 
3.117.-.- 

?1972 2,745 -... 
__ 3.014 2.808 _ 

?.??4 
-~~ 3.946 ~~~;4?--~;980 

_ 2.6171 

4,623 4.049 
5.195 

2,751 2.W’ 2,831 : ..-- -2,784 

Notes: 'Accident Year 1962 @lZmonths 3,224 = 50'64 485 
1 The 1987 AY IS used m Exhlblt 2 . A graphlcal comparison of the 

relative stab,@ of the Standard and the Augmented methods 

94 
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2 503 

1.921 
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120 
Average Average 

of All of last 4 

1,927 2.026 1.910 
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3.504 3.504 
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5,435 5,435 
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Data Source Best's Aggregates 8 Averages - 1991 



Change in Projections of Ultimate Losses by Age - AY 87 
Standard vs. Augmented 
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INDUSTRY COMPOSITE - MEOlCAL MALPRACTICE Ewhibii III 

AY 32 

1 QB2 50 
1983 67 
1984 104 
1985 43 
1986 52 
1987 37 
1988 58 
1989 79 
1990 88 
lSSl 98 

cum LDFs = d(c) 
% Reported 

y. unreported 

64 485 
1.6% 

96.4% 

Y 

AY 12 

1982 1,931 
1983 2,243 
1984 2,600 
1985 2.722 
1986 2,738 
1987 2,881 
3988 3,508 
1989 4,597 
1990 5,438 
1991 6.319 

24 35 

172 383 
216 481 
298 609 
264 602 
281 626 
267 635 
338 733 
396 853 
445 

11.674 4.747 
8 8% 21.1% 

91.4% 78.9% 

875 962 1.197 1.385 
800 1.121 1,397 1,604 
973 1.337 1,612 1.836 

1,025 1.406 1;136 1,924 
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2.729 1.941 
36.6% 51.5% 
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1.569 1.369 
63.7% 13.1% 
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9§ 
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2,000 

lQ4 

I.631 
I .8Q8 
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20.1% 151% 
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24 36 PC! 
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4,592 4,476 
5,414 

x&l 

1,706 
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1,925 
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Average Av%rag% 
of All of last 4 
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Adiustment of Indicated Ultimates Exhlbd IVs 

AY 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

a 
9 

12722 
13.114 

9.433 
11727 
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9.069 
10730 
0.195 
8.903 

2056 
1762 
2.684 
2.091 
1.094 
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1.907 
2.345 

S&&d 10.436 2.080 1489 1243 1.200 ,145 1074 1.085 1044 
Cumulative = d(t) 72.026 6.902 3319 2.229 1 794 1496 1.306 1216 1121 

AY 

2 
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4 
5 
6 
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9 

10 

12 
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12 

39,026 
45,463 
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87.945 
98.604 
64.203 
63,258 
48,433 

24 

7.034 
6.261 
6,431 

10.942 
11.200 
12.050 
14.609 
9.500 
7.019 

24 

48,546 
57,154 
44.363 
75,519 
77,357 
63.167 

101.378 
66.116 
53,962 

Historical Paid Loss+ALAE atN months- L(i.t) 
s 48 6Q 72 

14.473 22,365 27,140 35,561 
14.590 22.431 20,727 34.241 
17,260 26,945 34.464 40.194 
22,660 37.076 42,430 51.663 
21,225 30.108 36,566 43,636 
24,735 35.563 45,488 
29,190 40.431 
22.461 

Age-ItsAge Development Fectom 
1545 1214 1.310 1.120 
1537 1.281 1.192 1206 
1561 1 279 1.166 1.135 
1.620 1144 1.223 1 130 
1419 1261 1131 
1438 1 279 
1365 

Indicated Ultimates - U(i.1) = L(i.t)'d(t) 
36 48 60 72 

46.034 49.054 46,667 53.162 
46.420 50,001 51,534 51.209 
57.282 60,064 61.626 60.111 
75,935 82,646 76.115 77,592 
70.440 67,114 69.169 65,258 
82.092 79,275 61.601 
96,874 90,125 
74.~44 

@4 

39,822 
41.279 
45.640 
56,649 

1065 
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84 

52.002 
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59.600 
76.566 

96 

42.416 
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50.271 
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61.113 

100 
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51,680 
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1073 

120 

51.660 

Ull(i) 
lndlcated lndlcaled Avg lndlc 

@lZmIhs @24mths 368Subseq 

39,626 48,546 50.636 
45,483 57,154 51.516 
49.103 44,383 59,999 
67.206 75.519 77,775 
71.959 77.357 69.000 
87,945 83,167 80.989 
98.604 101.378 93,499 
84.203 66.116 74,544 



Adjustmenf of Indicated Ultimates 
Calculabn olBrdlu_lJmer!LFac~~ 

Avg of U(t) 
AY U(i.12) U(i.24) 36 6 Subs 

1 39,826 46.546 50.636 

i 45,463 49.103 44.383 57.154 51,516 59,999 
4 67.2M 75,519 77,775 
5 71.950 77,357 68.000 
6 87,945 83.167 80.909 
7 98,604 101.378 93,499 

J.. 64 203 .-631258 66,116 74,544 .-. ~~g~~ ..- -- 

10 46,433 

M 

mths 

Mu& 

I 
AY U(1.24) 

1 105 
2 090 
3 1.35 
4 1 03 
5 0.88 
6 0.97 
7 0 92 
a 1 13 

Regression Output: 
COnSfall! 
Sld Em of Y Es! 
R squared 
No of Observatmns 
Degrees of Freedom 

1 0622 
16.59% 

1.36% 

6” 

X Coefficient(s) -0.0074 
sld Err of @et 2ss4 

AY 
Aug of U&t) Selecled Adjuslmenl Factors 

W12) U(1.24) t-36 B Subs @12 mths @24 mths VII(l) 

1 39,026 46,546 50.636 
2 45,483 57.154 51,516 
3 49.103 44,383 59.999 
4 67,206 75.519 77.775 
5 71.958 77,357 68.000 
6 87,945 63.167 80.989 
7 98.604 101.378 93,499 
6 84 203 66.116 74.544 
9 63:258 53,962 

IO 48,433 

50,636 
51.516 
59,999 
77,775 
68,000 
60.989 
93.499 
74,544 

081 1 00 52,447 = Avg of 63.256’ 61 C 53.962’1 00 
0 75 36,242 = 46.433’ 75 

Exhibd IVb 

N&s ’ The selected Adluslmenl Faclors @ 12 months equal the regresson predwled lackxs 
‘Tha s&clod Adjustment Factor @ 24 months equals 1 .OO The regression 61 has a wry low R-Squared value (1 36%). and IS. Ihnrefore, not used 

The average 01 Ihe pnor factors equals 1.03 and the average of Ihe pnor faclors excludfng Ihe high and ha low equals 1 00 Hence. Ulere does not 
appear to be suffuenl ewdence lo ]usbly an adlustmenl to Indicated ull~males @ 24 months 



Adjurlment of indicated Ultimates 
!ziQlQhW~l 

Exhlblt IVb 

Avg of U(i) 
AY U6.12) U(t.24) 36 6 Subs 

1 39.026 46,546 50.836 
2 45,483 57.154 51,516 
3 49.103 44.383 59,999 
4 67,206 75.519 77,775 
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6 87.945 83.167 80.969 
7 98.664 101.378 93.499 
a 84.203 66.116 74.544 
9 63.258 53.962 - 

10 49;433 

I 
UI!oL 

AY U(i.12) 

1 1.28 
2 1 13 
3 1.22 
4 1 16 
5 0.95 
6 0.92 
7 0.95 
8 0.69 
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R Squared 
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83 09% 
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INTRODUCTION TO PAUL A. SAMUELSON’S “RISK AND UNCERTAINTY; A 
FALLACY OF LARGE NUMBERS” 

JOHN M. COZZOLINO 

The Paper “Risk and Uncertainty: A Fallacy of Large Numbers” 
by Paul A. Samuelson, was published in Scientia in April-May, 
1963. It was later reprinted in the Collected Scientific Papers of 
Paul A. Samuelson, Volume 1, pp- 153-8, MIT Press, 1966 _ It had 
a very distinguished influence on the ideas of risk and portfolio 
for investment applications. 

The paper first got the attention of Pratt, Zec khauser , and 
other mathematical economists and thereby spawned several related 
papers. Unfortunately it apparently did not reach the one group 
most concerned with property and casualty insurance. We hope that 
the current republication will rectify this. 

Samuelson’s Paper proved that risk sharing, which is a 
fractional participation in one risk, is a more fundamental way to 
reduce risk than having a replication of identical, independent 
risks. He proved that if you would not accept one risk, then you 
would not accept any greater number of identical, independent 
risks. While people loosely say that the insurance institution 
exists because of the law of large numbers or because it can insure 
many risks, this is not the case; the real reason insurance exists 
is because insurers are risk averse, meaning that their utility 
curves are concave, and they take fractional participation. He 
also stated that within a sufficiently small interval of outcomes, 
the concave function is a linear function. So we are back to the 
fundamental role of the utility curve. If the expected monetary 
value is positive then there is a best share greater than zero. 

Paul A. Samuelson said this with such clarity that it was 
obviously true to the reader. 

Af teT reading his, I wrote a paper that was published in 
Decision Sciences in 1974 “Portfolios of Risky Projects II . While 
sharing was always looked at in the perspective of Pareto 
optimalitr; Samuelson ‘s paper seemed to suggest that was 
unnecessary. I realized that the reason there was a best share was 
because it was assumed that both parties had a concave utility 
function. Others may have attributed the existence of the best 
share to the fact that there were two or more parties. In fact, 
for a partial share to be best for a single party, all you need is 
that the single party have a concave utility function (be risk 
averse). 
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Page 2 

But, you might say, how can you take a share without knowing 
the party with whom you share? The answer is that when there is an 
established, deep market for shares, exactly as there is in Lloyds. 
It is better to assume that you can always find the needed partner 
or set of needed partners, than to seek the best share for some 
specific partner who may or may not exist. Finding your preferred 
share is more to the point. The Paul A. Samuelson paper seems to 
suggest the framework of the single decision maker trying to find 
his best decision for himself. Perhaps other observers saw this 
differently and did not realize the fundamental nature of the “Best 
Share". From a pure mathematical perspective, share is just a 
number multiplying the random variable 'loss". Therefore the 
variance of that product must be proportional to that multiplier 
squared _ Cutting the share by one half cuts the variance by one 
quarter. That * risk reduction Finance, both real and 
theoretical, has aA:anced from the da;k ages by inventing markets. 

My paper proves the existence of a best share by assuming only 
a concave utility function and a positive expected monetary value. 
Whether you speak of size of share retained or of the number of 
equal partners is up to you. It appears more realistic to solve 
this 'best share" problem, at least in the insurance context- In 
any case it seems good to expose the casualty actuaries to 
Samuelson's insightful work so that they can draw their own 
conclusions. 
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Risk and Uncertainty: A Fallacy of Large Numbers 
(Reprint) 

by Paul A. Samuelson 



RISK AND UNCERTAINTY: 
A FALLACY OF LARGE NUMBERS' 

Erpcrienca shows that while R single cvcnt may have a probabilily alweed, D fawn 
repetition of indepcndcnt single erente gives R greater approach toward certairrty. This 
corresponds to the rn~rtbematically provable Law of I~swe Numbers of J~mcs Ilcrnonlli. 
This valid property of lnrge numbers is often given an invalid interpretation. Thus pcofrle 
my c.n insurance compaoy reduces its risk by increasing the number of ships it insures. 
Or they refuse to accept a msthemat.ically fnvoreble bet. but agree to R large enough rope- 
tition of Such bets: e. 6.. believing it is almost a sure thing that them will be B million heads 
when two million a~urretric coins are tweed own thowh it is highly uaccrDlin there will 
be one bend out of two coius taxxi. The correct rclat.ionship (that an insurer reduces 
Mtnl risk by subdimifi~rp) is pointed out and B strong theorem is prored: that a person 
whose utility schedule prerente him from evw taking B specific favorable bet when offered 
nnly once can never mt.ionally take R large sequence of such fair bets, if expectad utility 
is maximized. The ietrensitivity of sltcrnotive decision criteria-such as eelecting out of 
eny two situations that one which will mwe probnbly leave you better off-is also demons- 
trated. 

I. INTRODUCTIOS. - K There is safety in numbers. Y ‘So people tell one. 
But is there t And in what possible sense 1 

The issue. is of some importance for economic behavior. Is it true 
that an insurance company reduces its risk by &&Zing the number of ships 
it insures ? i‘su one distinguish between risk and uncertainty by supposing 
that the former can count ou some remorseless caucelling out of actuarial 
risks ! 

To throrr light 0x1 a facet of this problem, I shall formnlate and prove 
a theorem that should dispel1 one fallacy of wide currency. 

2. A TEST OF VALOR. _ S. Clam, already a distinguished mathematician 
rrhen xve were Junior Fellows together at Harvard a quarter century ago, 
ouce said: l I define a coward as someone who will not bet when you offer 
him two-to-one odds and let him choose Ais sidc.l 

With the centuries-old St. Petersburg Paradox in my mind, I pcdanti- 
calls corrected him: * You mean will not make a suficimtty snlnU bet (so 
that the change in the marginal utility of money* will not contaminate his 
choice). m 

3. A COIX‘ILI PIG SPEAKS. - Recalling this conversation, a few years 
ago I offered some lunch ~~lleaguues to bet each $200 to $100 that the side 
of a coin tAey specitied rrould not appcx at the first tom. One distingui- 
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shard scholar -who lays no claim to advanced mathematical ekills - gave 
the following answer: 

Y I won’t bet because 1 would foe1 the $100 loss more than the $200 
gain. But I’1 1 take you on if you promise to let me make 100 such bets*. 

What was behind this interesting answer f Ho, and many others, have 
given something liko tho following explanation. a One toss is not enough 
to make it reasonably pure that the law of avoragoa will turn out in my 
favor. But in a hundred tomes of a coin, the law of large numbere will 
make it a darn good bet. I am, 60 to speak, virtually sure to ceme out 
ahead in such a sequence, and that ie why I aocept the eequenoe while 
rejecting the single toss. a! 

4. -hfAXlNtJN Loss AND PRORABLE LOSS, - Wbat are we to think about 
this answer? Here are a few observations. 

a) If it hurts much to lose $100, it must certainly hurt to lose 100 
x $100 = $10,000. Yet there is a distinct ~ssi!GMy of so extreme a loas. 
Granted that the probability of 80 long a r:m of repetitions is, by moat 
numerical calculations, extremely low: leae than 1 in a million (or I/sroO), 
still, if a person is already at the very minimum of subaietenoe, with a 
marginal utility of income that beoomea praotioaily infinite for any Iose. 
he might act like a minimsxer’ and eschew options thst oould invoive any 
losses at all. [Note: increasing the sequence from n = 190 to n = 1,000 
or n-03, will obviously not tempt such a minimaxer - even though the 
probability of any loss beoomea gigantically tiny]. 

b) Shifting your focus from the maximum possible lo.% (whieh grows 
in full proportion to the length of the sequenoe), you may ealoulate the 
probability of making no 10s~ at all. For the aingIe tom, it is of coume 
one-half. For 100 tosses, it ie the probability of getting‘34 or more correot 
heada (or, alternatively, tails) in 100 tossas. By the usual binomial oalcu- 
lation and normal approximation ,* this probability of making a gain ie 
found to be very large, P,, = .99-l-. If this has not reduoed the probabi- 
lity of a loss by enough, it ie evident &hat by inoreaaing n from 100 to some 
larger number will eucoeed in reducing the probability of a lose to aa low as 
you want to prescribe in advance. 

o) Indeed, James Bernoulli’s ao-oalled Law of Large Numbers ya- 
ranteev you this: I Suppose I offer you favorable odda at eaoh Texas 80 that 
your mathematical expectation of gain is k per cent in terms of the money 
you put at risk in eaoh toae, Then you oan choose a long-enough sequenoe 
of tosses to make the probability aa near as you like to one that your ear- 
ninp will be inde&nitely near /c per cent return on the total money you put 
at risk S. 
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RISK AND UNCERTAINTY 3 

5. IRIIATI~NALITY 0~ C~MP~UNDING A MISTAKE. - The rvirtual cer- 
taiuty * of making a largo gain must at first glance eeem a powerful argu- 
mout in favor of the decision to contract for a long sequence of favorable 
b&s. But should it be, when we recall that virtual oer’;ainty cannot be 
complete certainty and realize that the improbable loss will be very great 
indeed if it doos occur? 

If a person is concerned with maximizing the expected or average 
value of the utility of all possible outcomes’ and my &league assurea me 
that he wante to stand with I)auiel Bernoulli, Bentham, Ramsey, v. 
Neumann, Marsohak, and Savage on this basio ieaue -it is simply not suffi- 
oieut to look at the probability of a gain alone. Each outcome. must have 
its utility reokontd al tlu appropria.te probability; and whn this is done it 
witi be joun4 that no sequence is accepti& ij each oj ik si?tgb @aye ia mt 

aoceptile. This is a basic theorem. 
Cne dramatic way of seeing this is to go back to the St. Petersburg 

Paradox itself. No matter how high a price my colleague agreed to pay to 
engage in this classic game, the probability will approach one that he will 
come out as much ahead as he carea to specify in advance.* 

6. AN ALT.ER?(ATIVE AXIOM SYSTEM OF YAXIMIZINO PROBABILITXILS. 

No slave can serve hvo independent masters. If one is an expected.utility- 
maximizer he cannot generally be a maximizer of the probability of some 
gain. However, economists ought to give serious attention to the merits of 
various alternative axiom systems. Here is one thet, at first glance, has 
superficial sttractivene.88. 

A&m: In choosing between two d&isions, A and B, select that one 
which will more probably leave you better off. I.e., select A over B if 
it is more probable that the gain given by A is larger than that on 23, or, 
in formulae: 

Prob { A’s gain > B’s gain ) > a 

[abbreviate the above to A)B]. 

Similarly with respect to any pair of (A, B. C. D, . ..). 
In terms of the above system, aall A agreeing to bet on one toss; B 

deciding not to &.s at all; and C agreeing to a long sequence of eOeses. 
Then clearly, 

A = B, C>B. C>A. 

So my fried’s decision to accept the long sequence tume out to agrea 
with this axiom system. However, if D is the &&ion to accept a sequence 
of two tosses. my friend said he would not undertake it; and yet, in this 
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syslom, D > B. Moreover, call E tbo decision to accept the following bet: 
~-or1 will a trillion dollars wit.11 probability .51 but loso a million with proba- 
bility .i!). Pow could accept suob a bot; and of those who could, few would. 
Yd. in this axiom system E > B. 

‘l’hore is a further fatal objection to this axiom system. It need not 
satisfy transitivity relation8 among 3 or more oboicee. Thus, it is quite 
possible to have X > Y, Y > Z and 2 > X. 

0110 example is enough to show this pathologiaal possibility. Lot X be 
a sieuation that is a shade more likely to give you a small gain rather than 
a large loss. By this axiom system you will prefer it to the Situation Y, 
which gives you no lance of a gain or loss. And you will prefer Y to 
Situation ‘2, which makes it a shade more likely that you will restive a 
small loss rather than a large gain. But now let us comparo 2 and X. 
Instead of acting transitively, you will prefer Z to X for the simple mason 
that 2 will give you the better outcome in every situation exoept the one 
in wbicb simultaneously tbe respective outoomea would be the small gain 
and the small loss, a compound event whose probability is not much moro 
than about one-quarter (equal to the produot of two independent probabili- 
ties that are respectively just above one-half). 

7. I’BooF mm VHFAIRNE.S~ cdx 0wLY BREED UNFAIRNELIS. - Aftar the 
above digression, there remains the task ti prove the basic theorem already 
enunciated. 

Z’heoren~. If at each income or wealth level within a range, the ex- 
petted utility of a certain investment or bet is worse than abshntion, 
theu no sequence of such independent ventures (that leavea one within 
the specified range of income) can have a favorable expected utility. 

Thus. if you would always refuse to take favorable odds on a single 
toss., you must rationally refuse to participate in any (finite) sequenoe of 
suoh to66e.s. 

The Iogic of the proof can be briefly indicated. If you will not mpt 
one toss, you cannot aocept two - sinoe the latter oould be thought of a8 
consisting of the (unwise) decision to accept one plus the open decision to 
accept a second. Even if you were stuck with the first outoome, you WOtid 

cut your further (utility) losses and refuse the terminal throw. By &en- 
ding the reasoning from 2 to 3 = 2 + 1, . . . . and from n-l to n, we rule out 

my sequence at all.* 

Ft(X.Y)--F(X.Y)*rr-.(X.Y)~... -F(X.Y)‘F(X.Y)‘...*F(X,Y). WhW 

F (S. Y)’ G (11, Yl is the integral j-- F (X. S) dG (S. Y) . And. if J-XdF (X .Y)< Y 
-02 

:hen o-rilr j--X dFt (1. Y: c Y and . . . X dFk (X. Y) C Y. 
-ce 

53 



RISK AND UNCERTAINTY 

8. CONCLUSIONS. - Now that 1 have demonstrated the fallacy that 
there is safety in numbers - that actuarial risks must allegedly cancel out in 
tl,e sense relcvnut for inocstmont decisions - a few general remarks may be 
in order. 

Firstly, when an insurance company doubles the number of ships it 
illsura, it does also double the range of its possible losses or gains. (This 
does not deny that it reduces the probability of its losses.) If at the same 
time that it doubles the pool of its risks, it doubles the number of its ow- 
,,ers, it has indeed left the maximum possible loss per owner unchanged; 
but _ and this is the germ of truth in the expression K there is safety in 
numbers P - the insurance company has now succeeded in reducing the 
probability of mh loss; the gain to eaeh owner now becomes a more cer- 
tain one. 

In short, it is not so much by adding new risks as by subdividing risks 
among more people that insurance companies reduce the risk of each. To 
see this, do not double or change at all the original number of ships insured 
bt the company: but let each owner sell half his shares to each new owner. 
Then the risk of loss to each owner per dollar now in the eompany will 
have indeed been reduced. 

Undoubtedly this is what my colleague really had in mind. In refnaing a 
bet. of $100 against $200, he should not then have specified a eeqnence of 
100 such bets. That is adding risks. he should have asked to subdivide 
the risk and asked for a sequence of 100 bets, eaoh of which was 100th as 
bin (or $1 against 9). If the nuntey odds are favorable and if we ean sub- 
di;ide the bets enough, any expected-utility-maximizer can be coaxed into 
a favorable-odds bet - for the obvious reason that the utility function’s 
curvature becomes more and more negligible in a sufficiently limited range 
around any initial position. For suliiciently small bets we get more-than- 
a-fair game in the utility space, and my basic theorem goes nicely into 
rerersf3.l 

Secondly, and finally, some economists have tried to distinguish bet- 
seen risk and uncertainty in the belief that aotuarial probabilities can re- 
duce risk to l virtual l certainty. The limit laws of probability grind fine 
but they do not grind that exceeding fine. I snzpeet there is often eonfu- 
don betffeen tar0 similar-sounding situations. One ie the caw where the 
orvner of a lottery has Sold out ol.J the tickets: the buyers of the tieketa then 
face some kind of risky uncertainty, but the owner has completely eaneel- 
led out his risks whatever the draw may show - which is not a ease of risk 
as againat uncertain, but really reflects a eaG of certainty without any 
risks at alL Another WI is that in which the management of Monte 
Carlo or of the I numbers game l do business with their euatomem. The 
management makes sure that the odds are in their favor: but they aan 
nere.r make sure that a rnn of luok will not go again& them and break 
the honse (even thongh +iey can reduce this probability of ruin to a posiliac 
fraction). 

ln every actuarial situatiou of mathematical probability, no matter 
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how large the numhors in the eamplo, wo are left witb a finite sample: in 
the appropriate limit law of probability there will necessarily be left an 
epsilon of uncertainty even in so-called risk situations. As Gertrude Stein 
never said: Epsilon ain’t zero. This virtual remark has great importance 
for the attempt to croate J difference of kind between risk and unto-tainty 
in the economics of investment and decision-making. 

P.A. SAMUEL~~N 

Cambridge, Massachusetts Imti2ut.e of Technology. 
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PORTFOLIOS OF RISKY PROJECTS 

John M . Cozzolino , University of Pennsylvania 

ABSTRACT 

The problem of selecting a portfolio from a set of independent risky business 
ventures is formulated in terms of maximization of the risk-adjusted (certainty- 
equivalent) profit of the portfolio, based upon the exponential utility function. 
Objects of investment include fractional participation (risk sharing) in projects with 
other firms, where costs and returns are shared in the same proportion. The method 
assumes that project costs are certain. Project revenues are uncertain, and any proba- 
bility function for revenue can be used. 

INTRODUCTION 

Samuelson [7] has declared that no project having positive expected profit is so 
risky that a firm would want no share of it, however small. Sharing of risky projects 
with other firms or individuals is widely observed in the business world. Oil explora- 
tion is often undertaken by combines of individual firms; banks share certain loans; 
insurance companies reinsure policies to control their risk; investment bankers form 
syndicates to underwrite jointly security issues. These and many additional examples 
could be cited to illustrate business risk sharing. 

In light of these applications, this paper proposes a utility-theory-based analysis 
of the problem of constructing optimum portfolios of fractional parts of risky proj- 
ects. 

This paper differs from conventional portfolio-selection methods in that no 
restrictions are placed upon the probability distribution of revenue. Since these distri- 
butions often have a nonsymmetric shape, it is important to define risk in a way that 
treats all shapes of distributions in a consistent way. The mean-variance approach does 
not satisfy this requirement, as shown by many authors, including Adelson [l] , and 
Borch [2, pp. 60-611. The other main limitation of conventional portfolio-selection 
methods is the single-period time structure. This will be retained here for simplicity. 

The following section will review the needed definitions and results of utility 
theory. Then the properties of risk sharing, from the viewpoint of an individual firm, 
will be shown for an arbitrary risk-averse utility function. The properties of constant 
local risk-aversion function, which implies exponential utility, will be reviewed next. 
Finally, the portfolio problem will be defined and solved, both with and without a 
budget constraint, and an example will be given. 

THE UTILITY FUNCTION 

The theory of utility shows that, under reasonable assumptions of consistency or 
transitivity of preferences of a decision maker, his attitude toward risk can be repre- 
sented by a utility function over the payoff space. The use of utility theory is consis- 
tent with the less restrictive criterion of stochastic dominance whenever that criterion 
is applicable. 
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Following the notation of Pratt [6], let x represent total wealth. Let U(X) 
represent the decision maker’s utility assigned to wealth x, and let ‘? represent the 
profit or net revenue of a specified business venture or “profit lottery.” The tilde 
represents the consideration that the profit is uncertain and is represented by a ran- 
dom variable. The probability distribution of the lottery may be continuous, discrete, 
or mixed. However, without loss of generality, the notation used will refer to a 
continuous random variable z with probability density function f(z). The problem of 
the determination of f(z) will not be addressed here. It may represent a subjective or 
“objective” distribution determined by statistical methods, simulation, or pure intro- 
spection. 

The expected utility of the lottery is 

E {U(xt?)):= lU(x+z)f(z)dz , 

where the integral is over the whole space of z values and is replaced by a summation 
when that space is discrete. The problem of assigning a dollar value to the uncertain 
venture is finally solved by the use of the certainty equivalent. Let na(x,2) be the value 
at which the decision maker, already owning x plus the lottery, would be indifferent 
between selling or retaining it. The equation 

U (x f 4 (x,?) ) = E { U (x + r) } (1) 

uniquely defines r,Jx, 7) because the function U(x) is monotonically increasing and 
thus has a unique inverse function. 

The name “certainty-equivalent value” has meaning in terms of the theoretical 
structure. However, the name “risk-adjusted value” has great intuitive merit. The risk 
adjustment is the “risk premium”, the amount by which the certainty equivalent is less 
than the expected value. It is 

n (x,y) = E { ?}- 7ra (x,?) . 

This is useful because the expected value is an important reference value, being the 
certainty-equivalent value assigned by a risk-neutral decision maker. 

It will be assumed throughout this paper that the decision maker is strictly 
averse to risk and that, therefore, his utility function is strictly concave. 

Pratt has shown that for a lottery having small variance and mean E(T), the risk 
premium is 

n (x,?) = XI r (x t E (2) ) u z t o (U 2) . (2) 

In this expression, the last term represents a set of terms of order higher than ~~22 . The 
T(X) is defined by 

U’ ‘(x) 
r (4 = -- v’(x) p (3) 
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where primes denote derivatives of the utility function. This function is called the 
local risk aversion function because it represents (twice) the risk premium per unit of 
variance for lotteries with small variance. Pratt has shown that r(x) represents all of the 
risk preference information implied by the utility function. 

RISK SHARING 

Wilson [8] [9] , extending the work of Borch [3], has determined conditions for 
the existence of a syndicate utility function under the assumption that the syndicate 
obeys the Pareto optimality criterion. He proves that if the sharing rule (the rule by 
which each member’s payoff is determined from the outcome of the investment) is 
linear and determinate, then, in the absence of agreement on probability assessments, 
the individual members of the syndicate must have exponential utility functions h 
order that the syndicate will obey all of the axioms for consistent decision ma&g 
under uncertainty. 

Decision makers in one firm could not be expected to know what utility func- 
tions and probability beliefs were held by other possible risk-sharing syndicate mem- 
bers. Therefore, the Wilson model is difficult to apply. Our objective is the more 
limited one of determining the firm’s desired share of participation in one or more 
proposed projects if the firm knows only its own utility function and probability 
assessments. While the firm may not be able to obtain the desired sharing partners, the 
analysis is still useful in evaluating all shares which are found to be feasible. 

The sharing of risk means the dividing of costs and revenues among two or more 
firms or individuals. It is useful to consider that both costs and revenues are split in the 
same proportion, since it will be obvious how to proceed when occasionally this is not 
the case. The “retention share” or “participation share” of the decision maker will be 
denoted by CY. Since the project or lottery has profit ‘?, the profit from share a: is a 
lottery with profit ay. The share CY is viewed as a decision variable, ignoring the 
possibility that not every value of (Y is equally available. The evaluation of alternate 
shares is based upon the maximization of expected utility 

E { 1J (x + 0~ F ) 1 , 

with respect to the decision variable CX. The certainty equivalent, or risk-adjusted value, 
of the share CY is na (x, CY z). The share 01 = 0 corresponds to no participation in the 
project. This has zero value; X~ (x, 0) = 0. 

The Uniqueness of the Optimum Share 

Theorem I: If the utility function is strictly concave, then the expected utility, 

E {U(x+a?)} 

is a strictly concave function of (u for (Y > 0. 

Proof: Let CX~ and 9 be two positive numbers with CY~ # 9. Let /3 be any number 
0 < fl < 1. The expression 
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P E 1 W + al z) I+ (1 - P) E { U(x + cr2 7) } 

is equal to 

=E {/3U(x++)+(l -@U(x++)}. 

Now, since U(x) is strictly concave, 

pu(xtcYI~)t(l -p)u(xt~ci)<u(p(x++)+ (1 -p)(xtc+) 

for every value of z. 

This right-hand side is equal to 

U(x t @a1 + (1 - /3)&.&). 

Therefore, 

and the theorem is proved. This can be given an interpretation in terms of a chance 
selection of the share. Let /3 be the probability that share crl will be selected and 
(1 - p) for 3. Then, the theorem states that a risk-averse decision maker would 
rather have the original lottery with share @l t (1 - /3)01;1 than have a random process 
select between the two possible shares o1 and 3. 

The concavity property is extremely important because it implies that if a maxi- 
mizing solution, a*, is found, it gives the unique maximum. Furthermore, this solu- 
tion is either the unique solution of equation 

k E {U(x + a;)}= 0 (4) 

or is at a boundary point of the set of possible a: values if there is no solution to this 
equation. When this set is unbounded, there may be no solution. 

However, when (Y is restricted to 0 <(Y < 1, then the lack of a solution to the 
above derivative equation implies a solution to 0 or 1. Hence, there is always a unique 
solution in this restricted range. 

Small Shares of Large Risks 

Theorem 2: If E(y) > 0, then (Y* > 0. 

Proof: Here it is necessary to_examine the behavior of na (x, a;) near ihe origin (Y = 0. 
The variance of the lottery oz is ar2 oz, . m terms of the variance of z . Clearly this is 
small for sufficiently small LY. The Pratt expansion for small variance can be used - 



The local risk-aversion function r(x) is positive everywhere for a strictly concave_utility 
function. The third term represents terms of order higher than ar2. Thus, if E (Z ) > 0, 
a small enough cr > 0 can always be found to make the expression positive. Thus, 
a* > 0. 

This result, stated by Samuelson, means that there is no venture with positive 
expected profit that is so risky that no positive share is desirable. This points out the 
fundamental nature of sharing as a method of reducing risk. Every project with posi- 
tive expected value can be made desirable if the appropriate financial institutions and 
arrangements are available. 

Constant Risk Aversion 

Pratt has shown that, if the local risk aversion function Y(.x) is a constant for all 
X, the utility function has exponential form. The assumption of constant r(x) implies 
that the risk premium for any lottery is not a function of total wealth and will not 
change with wealth changes. While this is not likely to be true in a global sense, it does 
seem reasonable over a limited range of wealth. It does appear that this assumption 
gives the best first-order approximation to risk quantification, for the following rea- 
sons: 

1. It gives a one-parameter representation of risk aversion. This allows a reasonable 
richness for representing a decision maker’s risk attitude, while limiting the 
amount of effort required to determine it. 

2. It gives a certainty equivalent which agrees with the mean-variance objective 
when the profit is normally distributed but is sensitive to the shape of the 
distribution when it is not normally distributed. 

3. It gives great mathematical simplicity to many problems because it separates 
risk-aversion effects from the effects of changing wealth. 

4. This utility function is concave (represents risk aversion) for any positive r, is 
convex for negative r, and approaches linearity (risk neutrality) as r approaches 
zero. 

The utility function corresponding to 

r(x) = r for all x 

is unique up to a positive linear transformation: 

U(x) =f (1 --.. e--I’). (5) 

The certainty equivalent for the random variable z is easily determined as fol- 
lows from equations (1) and (5). 

U(x t n,(x, y)) = E {$(l - e-‘(’ ’ z))) 

The result is 

n,(x, y) = -kin [E {e -rz 31 (6) 
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It shows that the certainty equivalent is not a function of initial wealth when the 
utility function is exponential. The notation ne (x, T) can be replaced by na ( y). This 
result has been given by Wilson [S] . 

A very useful consequence of constant risk aversion is the additivity of cer- 
tainty-equivalent values of independent lotteries. 

7?zeorem 3: If profit lottery z is the sum z = zl t z2, where z1 and z2 are independent 
random variables with p.d.f.‘sfl(zl) andf2(z2), then rr#‘) = rrJ?l) t r~,(?~). 

Proof: 

EP--W~l +h,l =$(I - eerx .fle-‘tZl ’ “2)fl (zl) f2 (z2) dzl dz2) 

The exponential can be factored, and, therefore, the double integral can be factored 
into a product of integrals - 

E ( U (X t yl t T2) ]=+(I - emrx (fe -rzl fl (zl) dzl) (Je 
-rz2 

f2 (z2) dz2) 1. 

If na is defined as before for both z, zl, and z2 separately, the above equation, 
expressed in terms of certainty equivalents, is the desired result. 

It should be observed that the similarity between the expected utility of any 
random variable and its moment-generating function or Laplace transform will sim- 
plify many calculations. 

The importance of this theorem is due to the simplification which it implies for 
portfolio problems. The certainty equivalent of any portfolio of independent lotteries 
is simply the sum of the individual certainty equivalents. Under such conditions, the 
portfolio selection problem separates into a series of separate decisions related only 
through constraints such as the usual budget constraint. 

Freund [4] shows that when the returns of the portfolio components are 
jointly, normally distributed, the resulting certainty equivalent of the portfolio is the 
same as the standard mean variance-covariance model. 

THE PORTFOLIO PROBLEM 

Suppose that there are n possiblkprojects available, The ith project has initial 
investment cost Cj and uncertain return Zi to be received at the end of the period. This 
return may be negative, since it includes costs incurred after the initial investment, The 
profit from the iih project would be Z1, Z2, . . . , Z, are indeper$ent random vari- 
@es. Let fj (Zi) represent the probability density function of the I project’s return, 
Zi. 

Although risk sharing could take various forms, it is useful to consider the 
simplest one where both costs and returns are split in the same proportion. Thus, a 
firm taking share q of project i will have initial cost “Fi and return ~$2~. In practice, 
one firm among the partners is usually designated as the active partner, or “operator” 
and receives a higher share of the returns in payment for managerial efforts. Another 
practical aspect not explicitly included here is the effect of taxation through which the 
government also shares in the risk. 



Let Ai represent the certainty equivalent of the uncertain return oz, based 
upon the exponential utility function with local risk-aversion parameter r. Thus, it is 
found from equation (6) that 

Ai = - i In Eje-‘oiZi}. 

lhis wiil be referred to here as the “risk-adjusted return,” a somewhat more self- 
explanatory term than “certainty-equivalent return.” The risk-adjusted net value of 
profit of share pi of project i is Ai(4) - “r~i. 

The objective is to maximize the risk-adjusted value of the portfolio. The profit 
of the portfolio, as a function of the decision variables crl, o2, . . . , cm is 

~ = ill “i (pi - Ci) . 

The risk-adjusted value of the portfolio, A(a1,a2, . . . ,a,), is the sum of the 
risk-adjusted profits of the individual projects under the two conditions of exponential 
utility and probability independence of the projects. Therefore, 

This is to be maximized subject to the constraints that 

O<cy<l forall i. 

No Portfolio Constraints 
The lack of portfolio constraints implies that every project can be decided upon 

independently, since A is a sum of terms where each term is a function of one decision 
variable. Thus there are n independent subproblems: 

max [Ai(“iCi] 
subject to 0 Q oi Q 1. 

It has been shown by theorems 1 and 2 that if the expected profit is positive, then 
there is a unique solution to this problem, and that the optimum share CK~ is greater 
than zero. The optimum share was shown to be at a stationary point if there is one in 
the unit interval, or at the end point cr * = 1 otherwise. The optimum share, as a 
function of the initial cost ot(C.) will be of use in solving the constrained problem. If 
Ci is greater than or equal to E @ i), then of(Ci) = o. For Ci values below this point and 
such that CK,? < 1,01* (Ci) is the stationary point of the function 

Ai (I) - “i Ci. 

Therefore, it is the solution of 

I = Ci. 
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Differentiation with respect to Ci gives 

(7) 

Since A)rc$ is negative at the optimum oi., the above equation shows that the function 
olT(Ci) must be a decreasing fugction of Its argument at points where 0 < (Y*(Ci) < 1. 
As Ci approaches the value E(Zi), the project’s expected profit approaches zero and 
the optimum share ar(Ci) also approaches zero, 

If the firm is constrained to either accept fully ((Yi = 1) or reject (“i= 0) each 
project, then ‘the solution is to accept if and only if Ai(1) - Ci > 0. In this case, many 
attractive but highly risky projects will be rejected. In considering all 0 < Cyi < 1 as 
feasible solutions, the assumption is being made that the opportunity exists to find a 
group of partners willing to take up any remaining share of the project. 

The Budget Constraint 

The budget constraint is a constraint upon the total initial investment. This 
introduces dependency between the decisions. The problem is 

max iil [AiC~i>-~iCiI 

subject to i~~aici Q C = 

and 0 S; ai G 1 for at1 i. 

This problem can be solved easily by dynamic programming. However, more insight is 
gained from use of the Lagrange multiplier. The Lagrangian function is 

A@ ,a2,. . . acun) - ktitl ‘ici - c)- 

The problem becomes 

max AC + i1 [Ai(“iCi(l + X)] , 

subject to 0 Q “i G 1 for ali i. 

For fixed X, this form also implies independent decisions. The effect of the budget 
constraint is the same as if the initial cost of each project were multiplied by (1 + A). 
Hence, the h value can be viewed as an increase in the cost of capital, resulting from 
the capital constraint. 

The first step is to solve the unconstrained problem, since if 

~ ff’T(Ci)ci~C , 
i=l 
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then it is also the solution to the constrained problem. In this solution, all projects 
with positive expected profit are included in the portfolio. If the initial capital re- 
quired by the unconstrained solution exceeds the budget C, then this problem can be 
solved by a onedimensional search where h is increased in value until 

igl aT(Ci(l + h))ci = C. 

That this can be achieved is assured by equation (7), which shows that Cr*(Ci) is a 
strictly decreasing function of its argument within the interval of argument values for 
which 0 < o*(Ci) < 1. 

As h increases, the shares of each project may change from positive to zero 
participation. The X value at which the ith project will drop out of the optimal 
portfolio is found from 

Eli) - Ci(l + X) = 0. 

Thus, the critical value is 

,(c) = E@i) - Ci 
1 Ci ’ 

The projects are dropped out of the optimal portfolio in order of increasing ranking of 
their rate of expected profit per dollar of initial cost. 

EXAMPLE WITH TWO PROJECTS 

An illustrative example will be given. The firm has two projects, and its attitude 
toward risk is described by the exponential utility with r = .OS. 
Project 1 has normal p.d.f. of return with mean p and variance 02. Therefore,’ 

The derivative is 

AI(o)=op - %r(u202 

‘It is known from the moment-generating function of the normal p.d.f. with mean p and variance 
02 that 

E ie 
+ r&T )= ,+rcYp+%rV~ 
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Suppose that /J = $4. million, oz = 200, and the initial cost is C, = $1.5 million. 
Then 

A1 (ol)=401 -54 . 

Project 2 has gamma p.d.f. of return 

abtZ2) b-le-aZ2 
f&) = for Z2 > 0, 

r(b) 

with mean b/a and variance b/a2. Therefore’ 

and 

A2 (o)=:ln (1 +$), 

A; t~4=~&, 

and 

Suppose that b = .08 and a = .02, so that b/a = $4 million and b/dL = 200. The initial 
cost is C2 = $1.6 million. Then, 

A2 (02) = (1.6) In (1 + Jp). 

The Unconstrained Portfolio 
The results when there are no constraints are 

‘ql) 
accept/reject 

Project 1 Project 2 
--1.0 t1.975 
reject accept 

.25 .60 

.6875 1.4661 

.3750 .9600 

.3125 SO61 

2 It 1s known from the moment-generating function of the gamma p.d.f. with scale a and shape 
parameter b that 

E {e ’ a ‘}= (a/ (a - rCz)jb. 
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The optimal portfolio has a total risk-adjusted return of 2.1536, an initial cost of 
1.3350, and a risk-adjusted profit of .8186. If sharing were not considered feasible, the 
best action would have been to accept the whole second project only, with a risk- 
adjusted profit of 1.975 - 1.600 = .375. 

The Budget-Constrained Portfolio 

For any budget exceeding I .3350, the optimal solution is already known. For a 
budget of one million dollars, the constraint will be active. The results for this and a 
few other constraint levels are given in the following table. 

Constraint 

c = 1.335 
c = 1.001 
C = .689 
c= .310 
c= .015 

x - 

0 
.217 
.500 

1 .ooo 
1.600 

Project 1 Share Project 2 Share 

.250 .600 

.218 422 

.175 .267 

.lOO .lOO 

.OlO 0 

Notice that project two drops out at X = 1.5. Project one would drop out at X = 1.667. 

CONCLUSIONS 

A formulation of the portfolio selection problem has been given for the selection 
of fractional participation levels for risky projects. The importance of this problem 
stems from the fact that the large risk involved often precludes individual firms from 
undertaking the whole project, and such projects would be rejected in the absence of 
the sharing opportunity. Such projects typically have very nonsymmetric probability 
distributions, and hence it is of practical significance to utilize the whole probability 
distribution in the analysis of risk. The method proposed here assumes constant local 
risk aversion and is able to handle any shape of probability distribution. The similarity 
of the risk-adjusted return to the moment-generating function allows exploitation of 
approximation techniques already known. 

Practical applications will require present-value discounting when the cash flows 
are spread out over time. Also, the effects of taxation are important and require the 
after-tax basis to be used. Both deterministic and probabilistic interdependencies 
among projects have been ignored here but may be of importance in applications. 
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Introduction to the 1994 Committee on Reserves 
Call Paper Program 

Environmental liability has been an emerging issue for well over a decade. 
The property/casualty insurance industry’s view of mass actions involving 
asbestos and similar products, and cleanup of hazardous waste sites, has 
been clouded with fundamental uncertainties as to potential costs, damages, 
coverage and apportionment. While some of the longer-standing legal 
issues have been adjudicated, many of these uncertainties remain 
unresolved. 

From a financial reporting perspective, environmental liabilities present 
unique challenges to management, auditors, and actuaries. The issues and 
uncertainties are complex, and, therefore, not easily reduced to a “single 
number” for financial statement presentation, or to a few sentences for 
disclosure. Preparers of financial statements are legitimately concerned 
about misrepresentation and/or misuse by those who are unfamiliar with 
these complexities. At the same time, users of insurance company financial 
statements (including regulators, rating agencies, investors, and insurance 
buyers) have a need to understand the implications of these potential 
liabilities on future operating performance. 

Recognizing the emerging need for actuarial support in this area, the CAS 
Committee on Reserves (COR) ran a call paper program starting last fall. 
The papers from that call are presented in this edition of the CAS Forum. 
Although they are an important first step in the process, more research and 
papers are needed on this critical topic. The papers present several 
approaches for estimating asbestos and pollution liabilities, and discuss the 
data and assumptions necessary to apply them. In keeping with the unique 
nature of the liabilities, the approaches are not all traditional, demonstrating 
innovative responses to new problems. The papers also provide a wealth of 
background information, useful to those who need to learn more about the 
issues. 

CAS Committee on Reserves 

Raja R. Bhagavatula Paul G. O’Connell, chairperson 
Charles F. Cook Mark J. Sobel 
Todd J. Hess Chris M. Suchar 
Jeffrey P. Kadison Ronald J. Swanstrom 
Stephen P. Lowe John P. Tierney 
Steven D. Marks Ronald F. Wiser 
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MEASUREMENT OF U.S. POLLUTION LIABILITIES 

Amy S. Bouska, FCAS, MAAA 

Thomas S. McIntyre, ACAS, MAAA 

Abstract 

Thispaper discusses methods and data that can be used to quantify insurers’potential 
liabilities arising from pollution (as specifically definedl. It provides background information 
on the genesis of the liabilities and then discusses why traditional actuarial techniques fail in 
analyzing the problem and why analyses that rely on analogies to asbestos are weak. It 
outlines a typical analysis, including both aggregate quantification techniques and a more 
detailed model of the potential liabilities. It then comments on the critical issues involved in 
modelling reported claims and IBNR, data requirements andproblems, and reinsurance issues. 
A list of references and a discussion of pollution claims database issues are also included. 

Submitted in response to the 1993 CAS call for discussion papers on environmental liability 
and other mass action reserving topics. 

Presented at the September, 1994, meeting of the Casualty Loss Reserve Seminar. 

Reproduction in whole or in part without the written permission of the Casualty Actuarial 
Society is specifically prohibited. 
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MEASUREMENT OF U.S. POLLUTION LIABILITIES 

Amy S. Bouska 

Thomas S. McIntyre 

Introduction 

The underlying message of this paper is that there are methods and data that can be 

used to quantify insurers’ liabilities arising from pollution (as defined below). After clarifying 

the subset of environmental liabilities under discussion, we provide some background 

regarding the genesis of the liabilities; this is necessary since any analysis method must reflect 

the underlying loss process. We then briefly discuss why traditional actuarial techniques fail 

in analyzing this problem and why analyses that rely on analogies to asbestos are weak. After 

discussing the major influences on pollution liabilities, we outline a typical analysis, including 

aggregate quantification techniques. We then suggest one possible structure for a more 

detailed model of these liabilities and then examine and comment on the critical issues 

involved in modelling reported claims and IBNR, data requirements and problems, and 

reinsurance issues. Lastly, we provide a list of references for those who would like to learn 

1 “Mission: Impossible” 

The authors would like to thank the following for their assistance: Pat Costello, Susan Cross, 
John Doucette, Alison Drill, Claudia Forde, Leigh McIntyre, Costas Miranthis, Dave Powell, and 
John Ryan. 
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more about the problem. One appendix includes an extensive discussion of pollution claims 

database formats and fields. 

This paper does not address issues of disclosure, statutory or GAAP accrual of 

liabilities, or actuarial standards of practice. In particular, the question of whether the results 

of the estimation techniques discussed herein satisfy the requirements of FAS 5 is beyond the 

scope of this paper. However, actuaries should be aware that both the AICPA and the SEC 

are showing increasing concern over these potential liabilities. 

Definition 

Not every release of hazardous materials is “pollution” as we define it. In the context 

of this paper, “pollution” refers to the potential losses from “gradual” releases arising under 

general liability and other policies that were not specifically written to cover damage to the 

environment. Some examples of claims that are not included in our definition of pollution 

include: 

n Claims arising under environmental impairment liability (E/L) policies. These 

policies are intentionally written to cover environmental releases (usually on a 

claims-made form) and do not generally involve coverage disputes, long latency 

periods, or multiple exposure periods. Where available, however, these policies 

may impact true pollution losses by drawing claims away from policies where 

coverage is more likely to be disputed; 

2 Gertrude Stein 
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Claims arising from “sudden and accidental” incidents, such as the 1984 

explosion at Union Carbide’s plant in Bhopal, India; 

Workers compensation claims arising from on-the-job exposure to hazardous 

materials; 

Claims arising from radon or “sick building syndrome”; 

Claims arising from the seepage or release of silicone into the body from silicone 

implants; 

Claims arising from non-point-source releases, such as ozone depletion; 

Claims arising from exposure to or the removal of lead-based paint or asbestos- 

containing materials, unless they are commingled with other hazardous wastes 

at a pollution site; and 

Claims arising from the transport of hazardous materials Ihezmat) or hazardous 

wastes (hazwaste) unless past illegal dumping is alleged or the disposal site is 

a “pollution” site. 

Thus, we distinguish between “pollution” (generally characterized as old policies, 

gradual incidents, associated with a physical site, and with disputed coverage), “environmental 

impairment” (policies intentionally covering sudden releases into the environment), and various 

types of “release,” “exposure,” or “remediation” claims involving particular materialsor groups 

of people. 

In many insurers’ organizational charts, “environmental claims” has come to mean “all 

claims that we don’t want the field offices to handle.” It is important to keep in mind that not 

all “environmental claims” are “pollution” for the purposes of this discussion. Clearly, 

asbestos, DES, and other products claims, which are usually part of the environmental claims 
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unit, are not “pollution.” As noted above, EIL losses are also not “pollution.” These losses 

are generally subject to normal methods of actuarial analysis (with suitable caveats); as we 

will discuss later, pollution losses are not. While it may be tempting to mix the two for 

analytical purposes, this is not advisable, since there is no reason to believe that they develop 

similarly and many reasons to believe that they do not. 

Any technique for analyzing potential liabilities has to make sense in the context of the 

development process underlying the claims and take into account any known peculiarities of 

that process. Therefore, it is first necessary to consider the background of “pollution” claims. 

I 

Leqislative and Social 
“Fish gotta swim and birds gotta fly 
but they don’t last long if they try. “3 

In the 196Os, the air in many U.S. cities was growing dark and corrosive. In some 

places, the rivers burned; where they didn’t, they could be fatal to swimmers. Rachel 

Carson’s Silent Spring -- still regarded as a seminal book of the environmental/ecology 

movement -- brought the dangers of pesticides and bioaccumulation into the public 

consciousness. Earth Day and the Environmental Protection Agency W’AI were both born in 

1970. Industries and utilities were forced to clean up their smokestack emissions, and 

sewage and effluent treatment plants were built in places where raw waste discharge had 

been a long-accepted practice. The Clean Air and Clean Water Acts have had a noticeable 

Tom Lehrer, “Pollution” (ASCAP, recorded 1965) on That Was The Year That Was 
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effect on air and water quality in the U.S. and have each been reauthorized several times since 

their original enactments, although not without serious discussion of the costs imposed on 

U.S. industries. The public support for these laws is best summed up by the 1990 poll that 

found that Americans rate a clean environment as “more important than a satisfactory sex 

life.“4 

The Resource Conservation and Recovery Act (RCFM) was originally passed in 1976 

and has been reauthorized several times since then. Its many provisions included “cradle to 

grave” tracking of hazardous materials and engineering standards, permitting, and financial 

responsibility for hazwaste disposal facilities (including hazwaste landfills). Itsgeneral purpose 

is to control future pollution that was not regulated by the Clean Air or Clean Water Acts, 

although a remedial component was added in the 1984 reauthorization. There are thousands 

of RCRA-permitted sites in the U.S. and increasing attention is being paid to the potential 

costs associated with them, especially since the financial responsibility amounts put up for 

closure and post-closure at these sites are not intended to be sufficient for remediation. 

In general (and with some exceptions), Clean Air, Clean Water, RCRA, and their many 

legislative kin have had little to do with “pollution” to date. 

In Europe, the first great, widely-publicized environmental disasters were “sudden and 

accidental” -- the Amoco Cadiz spill in 1978, together with Chernobyl and the Sandoz-Rhine 

fire in 1986; as a result of this and the continent’s reliance on surface waters for drinking, 

4 “Cleaning Up,” by Bruce Stutz in The Atlantic, October 1990, pp.4&SO. 
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European attention initially focussed on the potential for large-scale accidents.s In the U.S., 

however, Love Canal became the archetype of the American environmental nightmare, with 

toxic wastes seeping into basements, and a nearby school and playground built on top of a 

disposal pit. Public outrage over Love Canal (officially recognized in 1978) led directly to the 

1980 passage of the Comprehensive Environmental Restoration, Compensation and Liability 

Act (CERCLA), also known as the Superfund Act. 

CERCLA has everything to do with “pollution.” 

CERCLA’s purpose was to clean up (remediate) existing sites that posed a hazard to 

human health or the environment; where RCRA looked forward, CERCLA looked backward. 

It was intended to be -- and is -- a very punitive law, based on the principle of “polluter pays.” 

The worst sites are placed on a National Priorities List (Wf ). At these sites, CERCLA imposed 

strict and retroactive liability on potentially responsible parties W?W. Courts read joint and 

several liability into the act so quickly that it is widely considered to be part of the original 

legislation. Thus, any party responsible for the generation, transport, or disposal of any part 

(no matter how small) of the waste at a CERCLA site can theoretically be held liable for the 

entire cost of the remediation, even if that party’s actions were both legal and state-of-the-art 

at the time.6 Essentially any party coming in contact with the hazardous waste can be named 

as a PRP, including generators, transporters, storage facilities, treatment facilities, owners of 

5 Greater information regarding the heavy pollution in eastern Europe, and particularly the 
former East Germany following reunification, has directed increased attention to the 
“Altlasten” (German: “old burdens”). 

In practice, the situation is generally not quite that extreme, since the EPA has, from 
the beginning, recognized the existence of de minimis land now de micromis) parties 
who were truly the small generators (generally less than 0.1% of the waste). 
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the site land, operators of the site, and lenders; as a practical matter, most PRPs with serious 

involvements are generators, past or present land owners, or past or present site operators. 

In spite of its preference for “polluter pays,” Congress recognized that there would be 

sites with no viable PRPs -- the so-called “orphan sites” -- and it authorized a tax on various 

chemical and petrochemical feedstocks to finance both the cleanup of these orphan sites and 

emergency measures at sites where costs could later be recovered from the PRPs. This 

“Superfund” gave the law its widely used nickname. 

CEACLA imposes liability for remediation (including emergency response and removal) 

costs and natural resource damages (discussed later). It is important to remember that 

CERCLA does not create any cause of action for third parties claiming bodily injury or property 

damage (such as loss of property value). These third parties must pursue their claims under 

the ordinary tort law of negligence; however, the evidence discovered by the government in 

the course of naming PRPs or insurers in the course of disputing coverage may strengthen 

third parties’ claims. 

CERCLA was reauthorized in 1986 as SARA (the Superfund Amendment and 

Reauthorization Act) and again in 1990 as an undiscussed and unannounced part of the 

budget reconciliation bill (frequently referred to as “the midnight reauthorization”). SARA 

made CERCLA even more punitive. It greatly increased the preference for permanent 

treatment of wastes, as opposed to containment, and the cleanup process became even more 

lengthy, costly and litigious. Because SARA left cleanups subject to potential re-opening in 

the future (e.g., as detection technology increases in sensitivity), it led to the plaintive -- and 

unanswerable -- question of PRPs: “How clean is clean?” 
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A relatively small number of sites (currently about 1,286 out of 39,000 known sites) 

are on the NPL. (Cumulatively, 1,353 have been on the NPL.) The remainder are under the 

jurisdiction of the various states. CERCLA spawned a multitude of state “mini-Superfund” 

laws as the states struggled to deal with these sites. Like CERCLA itself, these laws tended 

to be very strict originally; unlike CERCLA, they have tended to become more pragmatic, and 

may, in fact, indicate the future direction of the federal Superfund law.’ Estimation of the 

size, composition, and cost of the universe of state sites is one of the most important 

problems in the quantification of insurers’ potential pollution~liabilities. 

Superfund reform is currently being debated as part of the 1994/95 reauthorization. I 

The changes most likely to be incorporated into the ultimate reform bill appear to include: 

increased community participation, increased certainty with respect to share allocation (and 

quicker assignments), and implementation of national generic remediation standards and 

methods that recognize the intended future use of the land. The current version of the reform 

also includes taxes on insurers and reinsurers to fund reimbursements to PRPs in exchange 

for a reduction in coverage litigation; the fate of this change is less certain. It should be 

recognized that Superfund reform does not have a direct impact on non-NPL sites, but there 

is general agreement that, where they are possibly applicable, the changes will ultimately 

migrate into the non-NPL realm. 

To the extent that insurers’ potential pollution liabilities are replaced by a tax, the 

quantification problem will be “backed up” a step: Even if the tax is completely prospective 

7 For example, New Jersey recently amended its Environmental Cleanup Responsibility 
Act (EC&l), one of the toughest of the state environmental laws. Renamed the 
Industrial Site Recovery Act I/.%4), the new law contained several provisions to 
streamline the ECRA process. 
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(and thus the same for all companies writing a coverage), questions of coverage and 

distribution of potential costs to individual insurers will be replaced by the issue of the overall 

adequacy of the tax, i.e., whether the initial level will have to be changed and how long it will 

persist. This does not require the methods outlined in this paper, although the questions 

raised in the fxfernal Data and /BNR sections will still be important. However, if the tax 

replaces potential liabilities for only some of the sites (e.g., NPL only) or some of the PRPs 

(i.e., if “opt-outs” are allowed) additional steps may be necessary in the estimation process 

in order to carve out the portions that have been replaced by the tax. 

Sites, Costs, and Claims 
“Mere anarchy is loosed upon the world, 
The blood-dimmed tide is loosed, .___ a 

Hazardous waste sites come in a wide range of sizes and problems. They can be as 

small as the local dry cleaner or as large as the hundreds of acres of mine tailings scattered 

throughout the west. The most common contaminants at NPL sites are solvents and other 

organic compounds, but they also include heavy metals, asbestos, wood treatment and leather 

tanning wastes, acids, explosives, paint, mining slag, and radioactive waste. 

Whatever they contain, NPL sites all go through the same evaluation and remediation 

process, the so-called NPL “pipeline.” The steps are generally described as: 

. Preliminary assessment and listing on the NPL; 

n Detailed assessment, called the remedial investigation and feasibility studv 

(RI/FS) ; 

W.B. Yeats, “The Second Coming” 
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Remedy selection, which culminates in the EPA promulgation of a Record of 

Decision (ROD). The ROD summaries are the best source of information about 

site histories, characteristics, and estimated cleanup costs; 

Remedial design, i.e., development of engineering specifications for the cleanup; 

Remedial action, i.e., construction of the remedy (e.g., construction and 

operation of incinerators, construction of groundwater-containing slurry walls, 

transportation of soil to a hazwaste landfill, etc.); 

Construction completion: 

Continuing operations and monitoring (usually groundwater pumping and 

treatment); and 

De-listing. 

Although not officially part of the pipeline, it is well known that the first four steps are 

liberally interspersed with extensive litigation, PRP vs. PRP, PRPfs) vs. EPA/state, and PRP vs. 

insurer(s). 

The enactment of SARA in 1986 significantly lengthened the average travel time 

through the NPL pipeline, now generally estimated at approximately twelve years.g The 

length of time required to clean up an NPL site is one of the primary causes of the current 

reform movement. In the past, the EPA has tried various strategies to reduce travel time, from 

changing the definition of “complete” in 1991 to encouraging “mixed funding” (i.e., use of 

both public and private funds, which was supposed to reduce litigation), and developing 

accelerated cleanup protocols. 

g CBO, Total Costs of Cleanins UD Nonfederal Superfund Sites, p, 6; Acton, 
Understandino Suoerfund, p. 16. 
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The EPA maintains two lists of sites: the CERCLIS fist and the National Priorities List. 

CERCLIS (the CERMA hformation System) list contains every known contaminated site in the 

U.S., currently numbering approximately 38,000. Not every CERCLIS site is remediated; in 

fact, approximately half are determined to require no work at all. The NPL is a subset of 

CERCLIS. Table 1 shows the CERCLIS and NPL counts since 1980. 

Table 1” 
CERCLIWNPL Site Counts 

Year CERCLIS Sites 

1980 8.000 

NPL Sites 

__ 

1981 10,500 __ 

1982 13,934 _- 

1983 16,307 419 

1984 18,836 546 

1986 22,455 818 

1986 25.161 888 

” Because of different treatments of proposed and deleted sites, site counts frequently 
differ between sources. CERCLIS counts in this table are from the OTA (p. 1 I) and the 
EPA; NPL counts are from EPA Publication 9320.7-051, June 1993, “Supplementary 
Materials: National Priorities List, Proposed Rule, and EPA headquarters. 
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The EPA has stated that it plans to have listed 2,100 sites (cumulative) on the NPL by 

the year 2000. 

Based on estimates published to date (RODS and other sources), the distribution of 

expected cleanup costs for NPL sites is very skewed, as can be seen from Appendix A, which 

shows the percentage distribution of counts and site costs by site cost range. If five mega- 

sites are removed from the calculation, our current estimated average NPL site cost” drops 

from $57 million to $43 million. This skewness makes the use of averages for any sort of 

analysis very dangerous. 

These sites are primarily -- although not completely, by any means -- a modern-day 

problem. The growth in the number of operating sites now on the NPL clearly reflects the 

post-World War II industrial growth of the U.S., as can be seen in Appendix B. The number 

of operating sites peaked in the late 1970s and then began to drop quickly, as the number of 

discoveries began to grow. Discoveries of NPL sites escalated rapidly in the early 1980s after 

the enactment of CERCLA and then dropped off; however, discovery continues into the 

present day (see Appendix C). 

There are many known contaminated sites, both NPL and non-NPL, and this universe 

is growing daily. The most basic questions are: How big will it get, and how much is it going 

to cost to clean up? 

Various studies have proposed ranges of answers to these questions with various levels 

of support for their estimates. In 1992, the University of Tennessee published the most 

” Based on 646 sites. 
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sophisticated study of remediation costs to date (see References section; note that this study 

excludes all non-remediation costs and does not address insurers’ potential liabilities). It 

divided the universe of polluted sites into six disjoint sets and, assuming the continuation of 

current remediation standards, reached the following conclusions regarding total cleanup 

costs:- 

Table 2 
University of Tennessee Remediation Estimates 

If the results of the less stringent and more stringent policy assumptions are included, 

the total range is from $373 billion to $1,694 billion. 

Even if one accepts all of the results of the study without question, it is not appropriate 

to use these numbers without adjustment in an analysis of insurers’ liabilities; further 

discussion of this point is included in the section on IBNR. 

. . * dous Waste R-bon, The Tm, p. 16 (see reference list) 
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These numbers are material on almost any basis. They are significant enough for 

individual PRPs to cause them to look for financial assistance from every possible source, 

including their past and current insurers. Although there were earlier claims, the first 

important CERCLA claim was made by Shell in respect of the potential $4 billion cleanup at 

the Rocky Mountain Arsenal site in Colorado (now so infamous that it is frequently recorded 

in claim files only as “RMA”1. Ten years later, the coverage decision is still under appeal. 

RMA was followed by a resounding . . . silence. Small numbers of claims were filed with 

insurers (especially primary insurers) each year. Except in a few specialty claims units, the 

issue of these “old” liabilities was a sleeper; when considered at all, it was generally raised I 

in the context of the non-availability of currant pollution coverage.‘3 A 1991 GAO study of 

pollution closed claim activity through 1989 found low but growing claim counts and costs,‘4 

and by 1990, I5 the issue had taken on significant visibility within the US. insurance 

industry. 

At first, there was relatively little reinsurance activity because the direct companies 

resisted putting up case reserves for fear that they might be considered an admission of 

coverage if discovered by insureds. However, as the discovery issue was defused and the x: 

pressure for recognition of these liabilities grew, precautionary notices began to move up f 

I3 See: “Environmental Liability Insurance” (“Report of the NAIC Advisory Committee on 
Environmental Liability Insurance”), September, 1986; GAO/RCED-88-2, Hazardous 
Waste: Issues Surrouodinalnsurance Ava’ tJ&jJ&; and GAO/PEMD-89-6, Hazardous 
yaste: The Cost and AvailQgi!jtv of Pomn lnsurancg 

I4 This study should be used with care, since the GAO did not define the word “claim”; 
as e result, the claim counts from different respondents may not be comparable. See 
discussion in the /nfema/Datu section regarding different definitions of “claim.” 

” Somewhat earlier in London due to the business practices of the London Market. 
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through the reinsurance and retrocessional hierarchy like toxins up the food chain. The 

Reinsurance Association of America (/MA) publishes a bi-annual study of reinsurance loss 

development that has excluded asbestos-related losses since 1985 but did not exclude 

pollution until the 1991 study (based on year-end 1990 data). The 1993 study provided some 

additional information separately for pollution and asbestos but did not include detailed 

numerical data for these two causes of Ioss.‘~ 

The general position of US. insurers has been that their potential pollution liabilities are 

not quantifiable. Although the issue is receiving increasing attention from regulators, the 

primary force pushing for recognition (or at least disclosure) of potential pollution liabilities has 

been the Securities and Exchange Commission (SEC). The SEC has had a long-standing 

information exchange agreement with the EPA with respect to PRPs, and began to develop 

a noticeable interest in insurers in 1991. Quantification is also an issue in the mergers and 

acquisitions arena, where purchasers of insurance companies have become increasingly wary 

of “dirty” business. The IRS, which might be expected to act as a counter-force to accrual, 

has been silent to date on the issue as respects insurers.” 

” Reinsurance Association of America Loss Development Study, 1993 Edition. 

” This is contrast to the situation in the U.K., where the Inland Revenue has significant 
expertise regarding U.S. pollution, primarily as a result of the three-year accounting rule 
at Lloyd’s. 
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The Failure of Classical Actuarial Analytical Methods 
“History is bunk. “” 

It is clear that triangulation is not an appropriate tool for analysis of pollution losses. 

This is true for several reasons: 

n Calendar vear ohenomena are not susceptible to triangular analysis, which relies 

on the history of older accident years to predict the future of younger ones. 

Unfortunately, history is happening to all accident years simultaneously as time 

proceeds forward from the enactment of CERCLA. 

I 
* 

n For horizontal triggers, the involvement of multiple policv veers confounds 

- accident year analysis, as the costs for a single dumpsite may be spread over 

twenty or more “accident” years, which then all experience the same 

development at the same time with respect to that site. 

n The leaislative, iudicial. technoloaical and site-soecific environments are 

chanainq. This is a serious problem in the estimation of potential pollution 
‘t 

liabilities. For example, only 20% of the NPL sites where remediation has been 

completed have groundwater involvement, while 70% of the total NPL sites 

do.” Thus, it is reasonable to assume that future remediations of known sites 

will take longer and cost more per site (barring any effects from Superfund 

reform and future improvements in remediation technology). On the other hand, 

future remediations of currently undiscovered sites are generally expected to 

la Usually attributed to Henry Ford. 

IQ GAO/Future Challenges for Superfund Program, p. 48. 



cost less per site (see section on IBiVR). Other examples of possible future 

changes include a decrease in coverage litigation as some issues are decided in 

key states. 

. Even if triangles were meaningful, there is a lack of history. Recall that, for 

many companies, substantial claim activity did not really get underway at the 

insurance level until the late 1980s and early 1990s. Many of the largest 

insurers (especially among direct writers) recognized the unique qualities of 

these claims earlier and began to form separate specialty claims units (usually 

in conjunction with asbestos and other mass tort claims). However, the paid 

and incurred numbers were small enough to escape actuarial notice until the 

early 199Os, when they began to distort general liability and casualty triangles. 

Thus, there are only a few diagonals with any volume of claim activity. 

Pollution and Asbes tos 
“Don’t drink the water and don’t breathe the Mr... “” 

Pollution’s resistance to traditional actuarial methods of analysis places it squarely with 

asbestos-related claims and other “mass torts.” Like asbestos, it is a field of specialists, 

jargon-ridden and inaccessible. Like asbestos, it affects both very old and more recent 

policies. Like asbestos, it is pulled out of both analysis triangles and the normal claims 

processing flow. Like asbestos, it is perceived to be a significant threat to the insurance 

industry. In fact, pollution has so many similarities to asbestos, it is frequently thought to b 

asbestos . . . only different and bigger. 

*’ Lehrer, “Pollution” 
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We disagree. Pollution is NOT asbestos. 

The single biggest difference between the two causes of loss is the existence of the 

products aaareaate limit. Because asbestos losses are generally covered under the products 

section of the general liability policy, there is almost always an aggregate limit in effect in the 

primary policy.2’ To date, pollution claims have generally been filed under the premises/ 

operations coverage, which rarely had an aggregate limit prior to 1986. This means that, 

under the most commonly assumed pollution trigger and occurrence definition, there is one 

occurrence per PRP-site-involvement year with costs spread over all years of the insured’s 

involvement. Thus, a primary company may be faced with many (perhaps hundreds) of sites m 
d 

from a single insured, none of which individually produces a loss per year sufficiently large to 

penetrate into its reinsurance protections, and which may not be subject to aggregation in - 

order to trigger protections. 

The general result of the asbestos aggregate limits -- all other things being equal and 

barring the successful use of vertical or aggregating triggers for pollution claims -- is that a 

given gross volume of asbestos losses will penetrate much further into high excess layers and 

reinsurance protections than the same gross volume of pollution losses. Thus, we would z 

generally expect the impact of asbestos to increase relative to that of pollution as the 

attachment point above the ground increases. Assuming the general use of a horizontal 

trigger for pollution, and subject to variations in policy wording -- asbestos goes high, and 

pollution stays low. 

*’ There are exceptions. In some cases, this was resolved by the use of an “agreed 
aggregate” developed as part of the Wellington Agreement; see Cross & Doucette, 
“Measurement of Asbestos Bodily Injury Liabilities,” p. 13. 
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The second important distinction between asbestos and pollution is that asbestos has 

a smaller universe of “taraet” insureds, i.e., insureds with massive claims relative to other 

industrial concerns. Among known asbestos defendants, fewer than 75 are generally 

considered to have major involvements, while 476 PRPs are already publicly known to be 

involved in more than five NPL sites. It is possible that, as the extent of PRPs’ involvements 

in non-NPL sites (especially owned sites) becomes clearer, a small group of “targets” will 

emerge; however, we believe that it is unlikely to be as small as the asbestos group. As a 

result, total asbestos losses for a given insurer are much more of a “crap shoot.” 

Lastly, there are significant coveraae issues with respect to pollution claims that were 

never present in the asbestos arena. The question of “known loss” was and continues to be 

litigated in the claims of the major asbestos defendants, but, in general, the applicability of the 

general liability policy was not a significant issue for asbestos losses. The claims of thousands 

of injured third-parties clearly constituted “damages” and there was rarely a protective 

exclusion in place. On the other hand, the applicability of insurance and reinsurance coverage 

is one of the core problems in estimating pollution costs for both insureds and insurers. The 

industry’s coverage defenses have been, on average, successful (see later), but this success 

has contributed to the quantification problem. 

Overview of a Pollution Analysis Project 
‘The best way out is always through. “” 

No two of our many U.S. pollution analysis projects have proceeded in the same 

manner. Depending on the insurer’s needs, they are done in greater or lesser detail; depending 

‘* Robert Frost 
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on the cleanliness and detail of the available data, data preparation can be more or less time- 

consuming; depending on the results of the various methods, selection of the final range can 

require more or less testing and m-testing of assumptions. However, we would generally 

expect a project to proceed in approximately the following order: 

1. General discussion with claims department regarding policy terms, claims 

practices and data availability 

This step is never omitted. It is very important because practices regarding 

case reserving, claim recording, settlements, and other important factors vary 

widely. As is discussed later, even the definition of a “claim” can vary between 

companies. The specialists handling the claims are crucial sources of 

information about these items as well as general policy terms, type of business 

written, changes in claim reporting patterns, etc. 

During this step, we also request the list of insureds with reported pollution 

claims. This helps us to form an initial impression of the likely magnitude of the 

problem relative to the insurer’s other business (see section on Eyebelling the :: 

Prob/em). This is important since potential pollution liabilities must be viewed 

in the context of the company’s overall reserve position. In cases where it is 

clear that potential pollution losses are small compared to the total reserve 

position, the toxic claims are being handled well, and the total non-toxic 

reserves are adequate, further work may be unnecessary. 
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2. Decide which, if any, insureds to separate from the analysis 

One large insured or unusual exposure (or a small number of them) can distort 

the results of both the model and aggregate techniques, and it may be advisable 

to remove them for separate analysis. The specialist claim unit is inevitably able 

to list any anomalously large exposures. 

3. Do market share, aggregate loss development, and MCP tests 

These are described in greater detail in the later section on Sophisticated 

Eyebelling. 

[If the analysis uses the detailed model, include steps 4 - 9; otherwise, go to step 10.1 

4. Receive and clean-up claims data, add necessary supplemental identification 

fields 

This is frequently the most time-consuming part of the analysis. For discussion 

of the internal data, see the later section on internal Data; the selection and 

construction of a company’s pollution database are discussed further in 

Appendix E. 

We note that data preparation on repeat assignments has proved to be much 

more difficult than we expected for three reasons: (1) Changes in our data. 

As we find additional public data, we also find new relationships between PRPs. 
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This sometimes leads us to change the standard form of the PRP’s name used 

in our site database or to group two PRPs together, thus causing our identifiers 

to change over time; (2) Changes in the insurer’s data. Obviously, we expect 

that, over time, new claims will be reported, some known claims will close, and 

recorded dollar amounts will change. However, other changes may cause 

significant reconciliation problems; and (3) Our model requires that every 

unique site and every unique PRP in a review be given a distinct identifier. On 

an initial review, the identifiers given to small sites and PRPs not in the national 

data are only required to be distinct from those already in use; a repeat review 

requires also that they be consistent with those of the first review. 

6. [if necessary] Selection of a distribution of underlying limits to be used 

As discussed later, the actual distance between the first dollar of loss and the 

insurer’s attachment point is a critical variable, particularly for horizontal 

triggers. Where the available internal data does not capture this information, 

we will insert “assumed” underlying limits that are stochastically generated 

from an empirical distribution. This distribution is usually selected based on our 

experience and discussions with the insurer. It is difficult to over-emphasize 

how critical this variable is. 

6. Run the model 

An overview of the model used to evaluate the adequacy of reported reserves 

is given in the section on Beyond Eyeballing: A Model of Pollution Liabilities. 
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7. Re-run the model 

We ere rarely comfortable with the results of a single model run (which involves 

multiple simulation passes through the same set of data with the same 

parameters). Any given pollution analysis usually requires multiple runs -- 

occasionally tens of runs -- in order to clarify questions that arisa with respect 

to the behavior of the results. 

8. Analyze model results and select estimate/range for reported claims 

In making our selections, we examine both the stochastic variation in the model 

output and the results of the sensitivity tests selected to indicate potential 

parameter variation (see later section on Sensidviry Tssflng andlnterpraradon 

of i?esu/ts) . 

9. Add IBNR, adjusting the multiplier for book being analyzed 

Sources of IBNR claims and issues related to IBNR multipliers are discussed in 

the later section on IBNR. 

10. Compare model results to results of the aggregate techniques and select an 

estimate/range for total potential ultimate pollution losses 

Although we have not made any effort to adhere to pre-set “rules” in selecting 

the final estimated range of ultimate losses, we have found that the high end 
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of the range is usually approximately twice the lower end. Individual results 

may differ significantly from this observation. 

Eyeballing the Problem 

Not all books of pollution claims are the same. For a direct writer, the two most 

important indicators of potentially large pollution losses are: 

n Tvoe of business: This attribute is recognized by various insurance industry 

idioms, such as “Main Street,” “light commercial,” and “heavy commercial.” 

We prefer to distinguish between “national PRPs” and “local PRPs.” If the list 

of pollution insureds is largely populated by well-known names such as Fortune 

1000 companies (“national PRPs”), it is a significant warning sign because 

these PRPs are likely to have both multiple NPL and non-NPL involvements, and 

a consequent willingness to engage in expensive coverage litigation. “Local 

PRPs” (i.e., names we have not encountered before) are more likely to have 

only one or two sites, which are probably (but not necessarily) less expensive 

than those of the national PRPs; local PRPs also appear to be less likely to 

litigate coverage, probably because the expense involved would be 

disproportionate to the ultimate recovery. 

n Averaae attachment ooint: High attachment points above the ground provide 

more protection against pollution claims than against asbestos. In rough terms, 

23 Woody Allen 
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we regard attachment points below $5 million as being in the working layer for 

a book of national PRPs, while it appears that there is significant safety in 

attachment points that are greater than $20 million. However, we note that the 

average can be misleading and the entire distribution of attachment points 

should be examined. For example, if a book of business is bimodal, i.e., is a 

mixture of very high and very low attachment points, the resulting high average 

gives a false sense of security because of the presence of the very low 

attachments. 

Assuming the use of standard U.S. policy wording, the risk factors for potential 

pollution liabilities can be summarized as follows: 

Table 3 
Pollution Risk Factors 

Characteristic 

Policy Years 
(sites in operation) 

Premium Volume 

Exclusion Wording 

Low Risk 

Post-l 985; 
pre-1945 

Absolute pollution 
exclusion 

Medium Risk 

1945-l 970 

Varies with volume 

“Sudden and 
accidental” 
exclusion 

High Risk 

1970-I 985 

No pollution 
exclusion 

lnsureds 

Layers Written 

Expense Treatment 
(lower layers) 

Paid Losses 

Offices, apts, Small/local Fortune 1000 
only businesses companies 

Very high (> $20 High (between Low (<$5 
million above $5 and 20 million above 
the ground) million) the ground) 

Indemnity only; Expense in the limit Expense in addition 
expense only to the limit 

Varies with losses 
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In some cases, the risk factors are interdependent, e.g., the post-l 985 years are safer 

because the absolute pollution exclusion came into wide usage with the IS0 policy 

simplification in 1986. In some cases, the factors are interactive, e.g., fewer sites were 

operating per year prior to 1970 than in later years, but some excess policies attached much 

lower prior to 1970 and therefore may have more overall exposure in the earlier years. In 

other cases, the indicators are almost mutually exclusive, e.g., larger insureds would tend to 

buy coverage in higher layers than smaller insureds. In these cases, it is difficult to judge 

which factor will exert more influence. The model described below is intended to deal with 

such problems. 

The inclusion of premiums and paid losses in the table of risk factors implies that there 

may be methods less onerous than the full application of our model that might be brought to 

bear on the problem. Three are discussed in the next section. 

Sophisticated Eyeballing: Aggregate Techniques 
‘The time has come to realize that rese.wch is the highest human function, . . . . *” 

Our analysis of pollution liabilities typically relies upon a number of methods ranging 

from “eyeballing” the situation through a comprehensive review utilizing the modelling 

techniques discussed in the next section. Between these two extremes lie several useful 

techniques based on aggregate data of one type or another, be it pollution claims as of a given 

date or net GL premiums written since 1960. We present three methods herein labeled, 

Market Share, Aggregate Loss Development (not to be confused with traditional development 

triangles), and Multiple of Current Payments. 

24Pierre Teilhard de Chardin, Buildinq the Earth 
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Market Share Analvsis 

Market share analysis is a relatively straight forward, intuitive wayto estimate pollution 

liabilities. We begin with a range of estimated ultimate pollution losses for the insurance 

industry as a whole. (We are currently using $60- 90 billion.) We then allocate the estimated 

ultimate losses based on the years of operation and/or discovery of waste sites, depending 

on the desired trigger.*5 An insurer’s share of the industry losses is determined directly from 

the industry estimates based on the company’s market share (i.e., percentage of industry GL 

premium) throughout the period. We generally calculate the market share over periods of 

irregular length that are selected to reflect any significant changes in the insurer’s writings 

compared to the market as a whole. 

There are several refinements that should be incorporated into a market share 

estimates. Adjustments for premium that does not give rise to pollution exposure (e.g., 

medical malpractice, D&O) but is reported with GL premium are appropriate in many cases. 

(Similar adjustments to the industry premium may not be possible.) It is also necessary to 

adjust the market share percentages to reflect qualitative factors such as the type of business 

and average attachment points written, as discussed in the previous section. (If premium by 

layer were available for both the insurer and the industry, it would be desirable to do the 

analysis by layer.) 

We do not incorporate any additional adjustment for reinsurers beyond that indicated 

by their attachment points and type of business. It is clear that significant amounts of 

pollution losses will ultimately be passed to reinsurers, and, at this time, we have no data 

%ee Appendices B and C. 
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indicating that their potential losses are less than proportional to their premium. (This is in 

contrast to their ultimate asbestos losses, which we estimate to be greater than proportional 

to their premium.) 

There is an open question as to how CMP premiums (adjusted to reflect only the 

general liability part of the package) should be treated in doing the market share analysis. 

Large industrial insureds have generally been written on monoline forms. However, the use 

of multiperil packages penetrated well into the types of insureds with pollution claims. We 

would therefore expect the liability portion of the packages to produce noticeable pollution 

claim activity. However, we note that the claim reporting from multiperil business is II 

substantially below the expected level. The decision as to how to treat the multiperil premium 

is further complicated by the fact that some companies have historically reported some or all 

of their multiperil premium as decomposed into the constituent monolines in their annual 

statements. 

We note that, despite all efforts, in a limited number of cases the market share 

estimates may never reconcile to other approaches. Problems with market share projections 

usually occur when the shares or number of years involved are very small. 

Aqareqate Loss Development 

We have rejected traditional loss development methods (i.e., triangles) for reasons 

detailed earlier; however, this does not preclude the use of non-traditional loss development 

(i.e., no triangles). A non-traditional development approach ignores accident years and 
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focuses on the aggregate losses paid (or reported) as of a given date and aggregate payment 

patterns associated with those claims. 

Capturing the required aggregate pollution loss data from the insurer is quite simple, 

since it is only cumulative paid losses; however, we note that it is often instructive to project 

pollution losses from several recent evaluation dates (e.g., three or four recent year-ends) to 

produce a range of estimated ultimate losses. 

Determining the appropriate payment patterns is more complicated. A payment pattern 

appropriate for projecting losses on NPL sites begins with calendar year 1980 (enactment of 

CERCLAkreation of the NPL). The actual past site discovery pattern is combined with 

projected growth in the number of sites and cost relativities by year of discovery as the 

starting point in determining a payment pattern. Having constructed a pattern in which sites 

are expected to emerge by discovery year, we then estimate the payout of costs from site 

discovery through final settlement of claims for each site. 

We consider several elements of site costs that insurers face, including remediation 

studies, remediation costs, defense, coverage disputes, and third party liability. Estimated 

payment patterns for each component are weighted to determine the average payment pattern 

from discovery through payment of all claims on the site. These patterns will change for non- 

NPL sites and over time, so it is appropriate to vary the patterns by type of site and by 

discovery year. For example, we expect defense costs on a average site discovered in 1998 

to be a smaller portion of the total and to pay out faster than defense costs on a site 

discovered in 1984. These patterns combined with the pattern of site emergence by 

discovery year result in expected pollution payments by calendar year. 
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A simplified example of how such an aggregate payment model could be constructed 

is shown in Appendix D. 

Multiole of Current Pavments fMCPl 

Potential political and regulatory changes (e.g., Superfund reform, changes in 

technology or cleanup standards) may result in a level of uncertainty that precludes the 

determination of an estimated pollution liability that would satisfy the FAS 5 requirements for 

accrual. That is, while we can make projections of liabilities under alternative scenarios, we 

cannot say that a particular scenario is reasonably certain to occur. The MCP approach (called 

the “survival ratio” by A.M. Best) provides a relatively straightforward basis of comparison 

among insurers and appears to be emerging as a de facto standard.‘” 

The MCP method sets pollution reserves equal to a selected multiple of average annual 

payments in recent years (e.g., the three most recent years). The selected average annual 

payment should consider the effect of unusual loss activity, large sites and/or PRPs. The 

selected number of reserved years is based on the type of business written with consideration 

of the distribution of attachment points, limits, shares of layers, policy years (e.g., pollution 

exclusions), and the type of exposure (e.g., geographic, type of insureds). It should be 

significantly greater for reinsurers and direct excess writers, where payment activity is less 

mature and is expected to increase at a faster rate than the payments of primary writers. At 

year-end 1993, the large primary stock companies were at approximately seven times average 

26 “While Travelers, as well as the industry, hasn’t funded its environmental/asbestos 
reserves to its limit, A.M. Best believes that with a 7-to-1 reserve-to-paid position, its 
exposures being largely at primary vs. excess layers, and its aggressive resolution 
strategies, Travelers is ahead of the curve in addressing this problematic area.” 
BestWeek P/C, February 7, 1994. 
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annual payments (asbestos and pollution combined), while the large stock reinsurers/excess 

writers had higher ratios. We note that disclosures generally indicate that these reserves are 

not fully funded to ultimate levels. 

Beyond Eyeballing: A Model of Pollution Liabilities 
‘%ompuiers bm usdess. They cm only give you answ*rs. “” 

As mentioned earlier, individual books of business may be sufficiently complicated that 

it is difficult to form an estimate based on aggregate information. For example, the market 

share and aggregate loss development methods may produce very different indications, or the 

net result of off-setting risk factors, such as type of business and layer of coverage, may not 

be clear. 

In these cases, we believe that the use of a more sophisticated model is critical to 

movement from “guesstimates” to the development of supportable estimates of ultimate 

pollution liabilities. A model provides the following advantages: 

8 It allows explicit recognition of knowledge. Insurers have a great deal of 

information available to them, namely the list of their claiming insureds and the 

terms of coverage. However, because large corporations tend to keep larger 

SIRS and buy higher limits, the average attachment point tends to increase as 

the proportion of national PRPs increases; is the increase in protection from the 

higher attachment points outpacing the change in the book? Only a model can 

effectively answer that question in a book of 20,000 notices. 

27 Pablo Picasso 
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. It allows explicit recognition of lack of knowledge. It is possible to form an 

estimate of the average success of coverage defenses but not the success of 

a single particular coverage case. In situations such as this, the model can 

simulate individual coverage decisions with the selected average success rate 

without knowing the outcome of the individual cases. 

. It allows testing of alternative scenarios. What if the courts shift towards 

manifestation rather than an exposure-like trigger? What if the coverage 

defense success ratio is improved, but at the cost of a related increase in 

litigation costs? . 

. It allows documentation of assumptions and the effect of changes in 

. 
assumptions over time. It is virtually certain that estimates of the various 

parameters in any pollution model will change over time as case law, 

technology, and the legal/social environments evolve. It is easier to document 

and explain the changes in model parameters than in 2,000 individual claim file 

evaluations. 

So what does this “model” look like? Our model of potential pollution liabilities has two 

parts: reported claims and IBNR. Analysis of the reported claims is done mechanically in 

much greater detail, with an allowance for IBNR added outside of the detailed analysis. It is 

necessary to examine the reported claims carefully because the level of reserve adequacy can 

vary enormously between companies, even those writing similar layers and types of business. 
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Our model of reported pollution liabilities is claim-based (for reinsurers, notice-based), 

i.e., it looks at every policy exposure (separately by year and layer) for every reported PRP-site 

combination. For every reported site, the model accesses our site database, extracting the 

estimated cleanup cost, years of operation and discovery, PRPs, and groundwater involvement 

(Y/N). Where information regarding a specific PRP’s involvement in a given site is available, 

from either the claim record or the site database, the model uses that information in preference 

to the more general site data. Where no information is available on a site, the required 

parameters are simulated from an empirical distribution constructed from available data from 

other sites. 

The model simulates cleanup costs based on the database estimate and then adds 

defense and coverage ‘defense costs and third-party indemnity. We are currently adding 

defense and coverage litigation costs as a percentage of the remediation costs (subject to a 

per-site maximum and minimum). Depending on the presence of groundwater contamination, 

we simulate the occurrence of third-party damages. If a third-party loss “occurs,” we simulate 

the severity from a lognormal distribution with its mean selected based on the remediation 

costs. At this time, our model does not include natural resource damages. 

For NPL sites, PRP shares are simulated based on the capped number of Fortune 1000 

PRPs; for non-NPL sites, shares are simulated assuming a small number of PRPs. 

Based on the trigger selected and the expense treatment indicated in the policy 

information, the costs for each PRP-site combination are distributed to year and compared to 

the coverage in order to determine the loss for that policy. Indemnity costs are set to zero if 

a successful coverage defense is simulated in that run; the probability of success depends on 
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the site’s state, the policy year, and the policy wording. We are currently using an average 

policyholder win factor of 35%, i.e., averaged over all years and all states, we estimate that 

35% of the universe of policyholders will be granted coverage. (The current version of The 

Superfund Reform Act incorporates a 40% policyholder win factor for “average” states.) 

The simulated losses for each trial are stored while additional simulation runs are 

completed. They can then be analyzed as desired. Because simulation is, by its nature, an 

averaging process, we discourage the use of detailed output (such as individual policy 

estimates). 

This model of potential pollution liabilities requires unusually large and detailed amounts 

of both external and internal data. Because the problems associated with compiling the two 

data sources are quite different, we will deal with them separately. We will first examine the 

external parameters and data. We will then return to some of the issues associated with the 

internal data, and finally we will discuss sensitivity testing and interpretation of the results. 

Lastly, we will look at IBNR and reinsurance issues. 

External Issues and Data 
“The truth is out there. “” 

Any model of reported claims must include specific recognition of several external 

items. The following are discussed below: 

28 “The X-Files” 
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. Remediation costs (including study costs), including the variability among sites 

and the uncertainty in the estimates of individual site costs; 

. Third-party indemnity costs; 

n Natural resource damages; 

n The insured’s share of the remediation and third-party costs; 

. The years of the insured’s involvement (or date of discovery) at the site; 

n The cost of defending the insured, both in respect of the cleanup and in respect 

of third-party actions; 

I Coverage litigation costs; 

n The likelihood that coverage will be denied; and 

. The trigger/definition of occurrence. 

Development and continuous maintenance of a specialized database of external 

information is necessary in order to provide the required information. As is noted below, we 

have found that the basic information is available from several sources but that it requires 

extensive and careful cleanup to be usable. 
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Remediation Costs 

NPL Sites: Records of Decision issued by the EPA are the single most important source of 

remediation cost data for NPL sites. Virtually everyone doing meaningful analysis of NPL costs 

maintains a library of ROD summaries. However, caution is indicated in the use of ROD data 

for three reasons: 

. More than one ROD may be issued for a given site. This is due to three factors: 

(1) A site may be divided into several operating units, each with its own 

sequence of RODS; (2) Currently, RODS are being issued separately for source . 

control and groundwater remediation at the same operating unit; and (3) RODS 

I may be classified as “interim” and “final.” As a result, there can be significant 

development from the first ROD at a site to the last. 

n The EPA provides estimates of various components of the costs, together with 

the grand total present worth. The latter figure is discounted. Unless you 

believe that discounted costs are the proper basis for allocation to layer, the 

discount should be removed before using these estimates. We have found that 

the ROD cost figures captured by many firms are not reliably compiled. 

m In addition, there is on-going discussion of the reliability of the EPA estimates 

themselves. The EPA has stated that they believe the estimates to be accurate 

to within -3O%/+ 50%. (The range is probably wider for earlier RODS.) 
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Although the EPA also publishes Superfund Comprehensive Accomplishments Plan 

ISCAP) data on actual expenditures to date, the reporting is very slow. Further, it includes 

only EPA expenditures and so, except at a few sites, SCAP data is not at all indicative of the 

true remediation costs. 

If aggregate estimates are used rather than per-site data, careful consideration should 

be given to how the orphans’ share is distributed and the effect of federal sites. The federal 

sites are a particular problem, since some of the extreme variation in total NPL remediation 

cost estimates frequently reflects the impact of the DOD and DOE sites, some of which are 

expected to be very expensive to clean up. (Most notable among these are the high level 

nuclear sites at Hanford, Oak Ridge, Savannah River, and Fernald.) Although there is a 

potential for some private sector responsibility at the federal sites, at this time it does not 

appear to be unreasonable to assume that the amount will be small. 

Non-NPL Sites: We have not found a good source of cleanup cost data for non-NPL sites. 

The usual approach is to use the NPL distribution, truncated and with a significantly reduced 

mean. These adjustments are judgmental and would benefit greatly from further research. 

There are some qualitative indications that the distribution is bimodal, i.e., that there are many 

small non-NPL sites but also a significant population of very expensive ones. The latter may 

be particularly dangerous to high layer covers, since there is some evidence that they tend to 

involve only one or two PRPs (i.e., are owned sites) and therefore likely to produce significant 

high-layer exposure even when spread over many operating years. 

In the universe of non-NPL sites, consideration should be given to isolating LUST 

(Leaking j&derground Storage Lank) sites, both because they are likely to have different 
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characteristics than other sites (and therefore different cost distributions) and because there 

may be a material probability of subrogation recoveries from a state UST fund (depending on 

the state). 

Third-Partv lndemnitv Costs 

Third-party indemnity costs generally arise from claims for bodily injury or loss of 

property value. These suits seem to be prone to settle rather than go all the way to a jury 

verdict, and, as a result, details are scarce. The exact definition of “occurrence” and the basis 

of aggregation are critical to the issue of third-party costs, which tend to be multiple-plaintiff 

or class actions. Some reinsurers and high-layer direct excess writers believe that third-party 

indemnity will not be a problem for them because even large total awards produce relatively 

small amounts per claimant. While the ultimate allocation of these claims is still undecided, 

we have observed a few third-party claims in very high layers. 

Third-party bodily injury claims associated with waste sites should not be confused 

with asbestos bodily injury. While it also produces a wide range of cancers that have been 

linked with asbestos but can occur in other circumstances, asbestos is best known for its 

“signature diseases,” mesothelioma and asbestosis. With some isolated exceptions,29 the 

materials disposed of at waste sites have no signature diseases. Establishing liability for 

bodily injury is further complicated by the fact that exposure to the contaminant rarely 

approaches historical levels of asbestos exposure. As a result, even where a carcinogen is 

present in drinking water and a cancer “hot spot” has developed, it may be impossible to 

” Lead, mercury, asbestos, and chromium; however, these are present at relatively few 
waste sites in important quantities. 
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establish a statistical correlation, much less causation, Of course, this is not necessarily an 

impediment to substantial jury awards or settlements in preference to a jury trial. 

In addition to claims for bodily injury, third parties can also claim non-remediation 

property damage. In some cases, this is direct property damage, e.g., when gasoline from a 

leaking underground tank migrates into the underground conduits for telephone cables and 

damages parts of the system. At this time, however, it appears likely that the more significant 

claims are likely to involve loss of property value. In some cases, the property becomes 

unusable, while in others the presence of a contaminated site nearby is alleged to cause a 

significant decrease in the value of the property. 

Natural Resource Damaaes 

Natural resource damages (MD) arise under section 107(a)(4)(A) of CERCLA, as well 

as various other environmental laws (including the Clean Water and Oil Pollution Acts). They 

are intended to restore natural resources or compensate for their loss, where the term “natural 

resources” is quite broadly defined. This is distinct from the removal/remediation of the 

contamination; for example, the remedial action might require that trees or other wildlife 

habitat be stripped away, which would be a loss of natural resources. The valuation of the 

loss has frequently been done using the so-called “contingent valuation method,” which is 

quite subjective; the EPA has publicly committed to a re-examination of the valuation method. 

Only certain parties, including at least the U.S. Government (usually represented by the 

National Oceanic and Atmospheric Administration), states, and Indian tribes are clearly entitled 
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to file NRD suits. The rights of other parties appear to be subject to some dispute. In 

addition, CERCLA imposes time limits for the filings; these differ for NPL vs. non-NPL sites. 

Natural resource damages are different from other third-party damages in that they 

arise under CERCLA. However, unlike cleanup costs, they appear to be more clearly 

“damages” and, therefore, this coverage defense against natural resource damage claims is 

likely to be weaker than against cleanup costs. 

The amount of information available on NRD is growing but is still quite limited relative 

to, say, remediation costs. There is not an obvious consensus on whether NRD will be ‘I 

significant, much less how they will be treated within the insurance side of the issue, i.e., 

success of coverage defenses, trigger, etc. 

In our opinion, PRP share is the most difficult parameter to estimate or simulate. 

Although an increasing amount of information is available from consent decrees between the 

EPA and PRPs, it is not clear that it is useful for the projection of future allocations. It is z 

probably true that parties with limited assets will pay relatively little. However, allocations at 

the multi-party sites may give very small shares to many mega-corporations or a single PRP 

may pay a significant share of the costs.30 

” E.g., Coors will pay 90% of the remediation at the Lowry Landfill (estimated total 
remediation cost = $600 million); the State of California will pay 75% of the costs at 
Stringfellow (currently estimated at $800 million). 
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In spite of this, it is reasonable to assume that, on average, the presence of many other 

PRPs decreases the probability that an insured will pay a large share of the site costs. For this 

reason, the number of PRPs at the site is very useful information, Unfortunately, compilation 

of PRP information is a very time-consuming process. For various reasons, the EPA PRP lists 

are “dirty” and cannot be used directly, i.e., names are frequently misspelled, the same PRP 

may receive multiple notifications, etc. The PRP list published by EPA headquarters (the SETS 

database) is subject to a significant reporting delay; we have found that the EPA regions can 

supply PRP data on a more timely basis for nominal fees upon submission of a FOIA request. 

Users of the EPA PRP lists may be tempted by their sheer volume into believing that 

they are complete. They are not. In order to minimize its own effort, the EPA has historically 

preferred to find one or two large PRPs and then let them attempt to decrease their share of 

the site costs by finding pther PRPs. These “third-party” PRPs are added to the EPA lists only 

slowly, if at all. As a result, many insurance claims are from policyholders that are not 

officially PRPs. It is our experience that a significant proportion of claims related to NPL sites 

are from such PRPs. 

Years of Involvement/Discovery 

Actuaries with direct access to claim files may have significantly better data in this area 

than others, since the alleged dates of involvement may be recorded in the correspondence. 

Where the insured’s specific years of involvement are not known or the data is not available, 

dates derived from the years of site operation are a reasonable proxy. We have found it 

necessary to insert a “date compression” routine in order to recognize that individual PRPs are 

generally not involved for the entire operational life of the site. 
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In order to test a manifestation or continuous trigger, it is necessary to know (or 

estimate or simulate) the date when the insured knew or should have known that it was 

causing damage. This is even more difficult to ascertain than the dates of involvement; 

however, a latest bound can be established by the date of the EPA’s 104(e) letter.3’ This 

date is publicly available. 

Defense of the Insured 

Policyholders may require defense against the EPA (or corresponding state agency), 

other PRPs, and/or third-party claimants. In general, the duty to defend is broader than the . 

duty to indemnify, so insurers may pay defense costs even if indemnity coverage can be 

I denied. These costs can themselves be quite significant. Unfortunately, it is difficult to 

analyze actual historical costs since many insurers record coverage dispute costs in the same 

field as defense costs. As a result, it is necessary to base defense cost parameter selections 

on public studies such as the recent RAND studies 32. In selecting the defense cost multiplier, 

it is important to remember that one should select an ultimate multiplier and not be unduly 

influenced by the actual current ratio of expenses to indemnity. This ratio is clearly distorted 

by the coverage litigation, which both accelerates legal costs and delays indemnity payments, f 

leading to a double overstatement in the current ratio. 

Policies can treat expense in many ways: pro-rata on indemnity, included in the limits, 

totally excluded, or expense-only. While this complicates the modelling process, it is 

essentially a technical problem. Even if they do not code the expense treatment by policy, 

3’ The so-called “Dear PRP” letter. 

32 See References. 
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most insurers can describe their usual practice, either overall or by policy group (e.g., primary 

vs. excess). 

Coveraqe Litiqation Costs 

As mentioned above, declaratory judgment action KU or D./A) costs are frequently 

recorded with pure defense costs (i.e., “real” allocated loss adjustment expenses). The RAND 

study is the best source of information on coverage litigation costs, but, again, current ratios 

to indemnity should not be confused with the likely ultimate ratios. 

There are unresolved questions as to whether reinsurers will accept these costs, and, 

if so, to what extent; the question is particularly acute where large sums have been expended 

in a successful denial of coverage. This results in mammoth DJ costs associated with zero 

incurred indemnity, which complicates a pro-rata distribution. There appears to be a general 

open-mindedness with respect to discussing the issue. While not the most material item in 

developing the model, it is necessary to either make a general assumption as to how these 

costs will be treated or to build flexibility into the model. 

Successful Denial of Coveraqe 

As contract questions, coverage disputes are subject to state law rather than federal, 

producing widely varying results. As a result, it is important to consider the state law that is 

likely to be applied in selecting a probability of coverage to use in the model.33 

33 Sometimescalled the “win factor,” especially in the London Market. No consensus has 
developed as to the exact definition of the term, i.e., whose “win” is being referenced. 
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Coverage denials have generally been based on four arguments: 

. “As damaaes”: The standard industry general liability form says that it will 

indemnify the insured for amounts that it becomes liable to pay “as damages.” 

Insurers originally argued that costs arising from governmental remediation 

requirements were not “damages.” An analogy to other cleanup costs has 

frequently been made: “If the health department comes around and tells a 

restaurant owner to clean up the kitchen, we don’t have to indemnify those 

costs, so why should we indemnify site cleanup costs?” The courts were 

generally unmoved by this argument, citing the coercive nature of government 

letters/notifications. The “damages” argument is still raised, but it is generally 

conceded that the insureds have won on this issue at sites where an 

enforcement letter has been sent. Even at sites where the cleanup has been 

undertaken voluntarily, this defense may not be effective. 

. Pollution exclusions: In the early 197Os, the standard form was modified to 

include the “sudden and accidental exclusion,” which -- in spite of its name -- 

was intended to exclude all pollution-related claims exceot those that were 

sudden and accidental. In 1986, this was replaced by the “absolute exclusion,” 

which appears to be withstanding almost all attacks. The sudden and 

accidental wording is still an open issue, although there seems to be a slight 

swing in favor of insurers. 

. 

In selecting a probability of coverage related to the pollution exclusion, it is 

necessary to ascertain if the insurer used U.S. standard wording or some 

118 



variant. For example, some policies written in the London Market included 

exclusionary wording that was significantly stronger than the U.S. standard.34 

If coverage is being sought under the personal and advertising injury coverage, 

this defense may be less effective, since the applicability of the exclusion to 

that coverage is being litigated. 

w “Exoected or intended” ffortuitvl: The standard coverage form excludes losses 

that are expected or intended by the insured. Litigation on this point is very 

fact-intensive,35 examining the difference between whether the wording 

relates to the discharge itself or the resulting damage, as well as what the 

insured knew for “should have known”) at the time of the discharge. There is 

no obvious trend in these decisions. Even after the wording issues are litigated, 

this issue is less likely to be clearly determined by a state supreme court than 

the others because the facts are different for each insured and site. 

8 Owned prooerty: General liability forms usually exclude coverage for the 

damage to the insured’s own property; however, this can usually be 

circumvented where there is groundwater involvement (since groundwater is 

usually state property) or where there is a danger that the contamination will 

34 Notably NMA 1684, which more closely resembles the U.S. absolute pollution 
exclusion than the “sudden and accidental” wording that was in use at that time in the 
U.S. 

35 E.g., was there any employee of the insured whose job description included the 
removal of ducks killed by swimming in the ponds? (the so-called “dead duck” defense 
in the Shell/Rocky Mountain Arsenal coverage litigation) 
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migrate off-site (which is almost everywhere). This has not been a strong 

coverage defense historically. 

Recently, a fifth defense has taken on new power, namely: 

8 &a notice: Most policies require that the insured provide prompt notice of loss 

to its insurer; this has tended to be a weak defense, however, unless the insurer 

could show that its interests were prejudiced by the delay. Increasing pressure 

on PRPs by the SEC to quantify and disclose environmental liabilities may 

accelerate both reporting and the usefulness of this defense. ” 
.I i 

The likely success of the pollution exclusion and fortuity defenses varies by policy year. 

In the first case, the U.S. standard wording changed substantially in 1966, 1973, and 1988, 

and so policy year must be considered when evaluating the success of the pollution exclusion. 

This is also the case with fortuity, since, in general, the strength of the “expected/intended” 

argument should increese in more recent policy years: In the 1950s and 19608, many 

insureds will be able to make strong arguments that they simply did not know (and could not 

have known) that they were causing damage; this argument weakens in the 1970s and : 

especially in the 198Os, although this may be subject to more dispute for “mom and pop” 

insureds. 

There is a last, implicit coverage defense: If the insured cannot prove (or at least 

strongly hint at) the existence of a policy, they have no coverage for that year. It follows that 

very early policy years (prior to 1955) are less at risk than more recent ones, since it will be 

more difficult to prove that there was a policy. There is relatively little gain from this, since 

120 



the costs that would likely be allocated to the early years by even a horizontal trigger are 

minor due to the small number of sites in operation then. IS It should be noted, however, that 

policies exposed in these years may suffer significant losses relative to their limits because the 

attachment points and limits were so low in those years. 

LrlggeL/Definition of QccurrencelEasrs of Aaareoatia 

There are probably as many ways of allocating claims to policy years and layers as 

there are PRPs and insurers. However, we are aware of only four that are in widespread use: 

8 Exoosurg: Reasoning by analogy to asbestos, this triggers the years during which the 

insured was actively disposing of wastes at the site. The usual definition of occurrence 

is “one occurrence per site per year.” 

n 
. . BtLpn: Again making an analogy to asbestos, this triggers the year in which 

the damage became manifest leg., the year the site was put on the NPL, although 

there are other possibilities). There is usually one occurrence per site in this one year, 

although there are more possibilities for aggregating all of an insured’s sites into one 

occurrence. 

I N/triole m: This theory triggers all policy years from the time of the 

insured’s first involvement in the site to the time the insured knew or should have 

Shell/Rocky Mountain Arsenal is the notable exception to this general rule and tends 
to cause a bulge in costs in the late 1940s and early 1960s; if an insurer has no 
exposure to Shell, it would be appropriate to remove this for analysis purposes. 



known it was causing damage. There is usually one occurrence per site per year, This 

is the provisional allocation method used in the London Market. 

8 Fountain: This is a variant in which a set of policy years are triggered (either exposure 

or continuous, for example), but the insured selects a single year for its coverage (to 

minimize the number of SIRS applied); the insurers in this “target” year are then left to 

seek contributions from insurers in the other triggered years under the “other 

insurance” clause. This is also referred to as “all sums” (after the policy wording that 

stated that the insurer would pay “all sums” that the insured became legally obligated 

to pay as damages). The effect of the fountain is to push losses into higher layers than 

would otherwise be penetrated under a true exposure or continuous trigger. 

In the case of the non-manifestation triggers, there is some indication of attempts to 

spread the total costs over a subset of the possible years (e.g., the years with weaker 

coverage defenses). 

In modelling, it is important to have a clear distinction between the trigger, the 

definition of “occurrence,” and the basis of aggregation before beginning any programming. 

Although there are notable exceptions, most remediation costs are currently being 

allocated on either an exposure or a triple trigger. However, many of these allocations are 

provisional and may ultimately change when the outcomes of the claims are completely 

finalized. We note that the allocation of a settlement may not reflect where the costs would 

have finally come to rest if the claim had been allowed to pay out to its natural termination, 

either among years or among layers, 
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Even at one site, the trigger/definition of occurrence used for the third-party costs may 

differ from that used for the remediation costs. For example, if loss of property value is 

alleged, an insurer may consider that to be triggered by the announcement of the site’s listing 

on the NPL, even though the remediation claim may be spread over the years of dumping. 

In temar Date 
“Ful ww is he Lst can himsalven knowe. *’ 

In estimating potential pollution liabilities, detailed claims data is essential. This is 

because any projection methodology must reflect the underlying business, including: 

8 Years and volume of business written; 

8 Type of business written; 

8 Policy wording, especially pollution exclusions used; 

. Attachment and width of layers written and retained; 

. Limits structure; and 

8 Expense treatment. 

In order to do this, the model requires data that is not usually recorded in a normal 

claims system such as site name, underlying coverage, etc. Because this data is also required 

for claims handling, most insurers with a significant volume of pollution claims have built PC- 

based supplemental systems. These can be either stand-alone systems carrying a complete 

set of data or linked to the main claims database and containing only the supplemental data. 

We have included a discussion of database formats and contents as Appendix E. 

37 Geoffrey Chaucer, The Monkes Tale in “The Canterbury Tales” 
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Where the necessary data fields have not been captured, the data compilation task can 

be formidable. Even where all of the necessary fields are available in some format, we have 

generally found that the data from these systems requires extensive cleanup before it is 

usable. In fact, data preparation is almost always the major part of the analysis. This arises 

from two general data issues: the definition of “claim” and data entry problems. 

Pollution “Claims” 

What is a claim? 

The registration of pollution claims by the special claims unit may reflect convenience 

(one file is easier to track than thirty), the company’s preferred trigger theory (a preference for 

manifestation would mean that only one year would be involved), or simply the department’s 

usual practices (do BI and PD claims arising from the same incident get one claim number or 

two?). At one extreme, all of the activity for one insured PRP may be registered under a single 

master file number with references to other any other policies kept in the file. At the other 

extreme, separate files may be set up for each insured-site-claim type-year-policy combination. 

In practice, most companies’ claim registration systems are somewhere between the two 

extremes. 

Seemingly small differences in the claim system can give rise to significant data 

preparation effort. For example, assume that a unique combination of insured and year defines 

a pollution claim in the claims database, while the pollution model requires a record for each 

unique combination of insured/policy/year. In this case, it will be necessary to expand the 

claims database records, creating “filler” records for multiple policies within a given year. In 
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the course of doing this, care must be taken to maintain whatever unique identifiers are 

required in a relational database (see Appendix G). If the model is based on one-year policies, 

it will be necessary to create expansion records if the claims database has only one record for 

a multi-year policy. Depending on the details of the model, records may have to be deleted 

from the claims database if BI and PD claims are registered separately or if multiple BI 

claimants are each assigned a distinct claim number. If the model assumes different triggers 

for Bl vs. PD (see earlier section on Trigger), it may require different registration systems from 

the claims database depending on the claim type. 

Other Common Data Problems 

Spelling is a common problem in pollution data. Inconsistent spellings impede both 

matching within the file and correlation with external data. The first step in preparing data for 

analysis is always a spelling “cleanup” so that PRP and site ID numbers can be validly and 

consistently assigned. 

The second general class of problems arises from the use of text fields. Text fields are 

essentially useless for analysis purposes until they are parsed into a numeric format. While 

most date formats can be parsed mechanically into numeric fields, limits information in a text 

field creates a much greater problem, especially if the limits structure is complicated. We note 

that recording a limit as “3M” is usually unambiguous but it is still a text field that has to be 

re-formatted as numeric before it can be used. 

The third type of data problem is inconsistency among records of a flat database or 

between tables of a relational database. These problems are can be difficult to find, 
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sometimes escaping detection until the model crashes while looking for a non-existent policy 

number. The most common problem of this type is a link field such as the policy number that 

has an error or a slightly variant format in either the PRP table or the policy table. For 

example, a policy number might appear in the PRP table as AA-1 23456and in the policy table 

as AA1 23456. 

Data Suoaestions 

We have found that a few general guidelines facilitate the growth of a clean, usable 

pollution database: I 

Use numeric entries in aJ possible fields (i.e., avoid entering dates or limits as 

text fields) 

Enter dates in a YYYYMMDD format 

Avoid abbreviations such as M or K for millions and thousands; always use the 

full, correct number of zeros 

Enter text fields in capital letters only (some applications alphabetize upper and 

lower cases separately) 

Develop a dictionary of standard abbreviations, insured names, and site names 

If possible, assign ID numbers to insureds and/or ceding companies if applicable 

Enter multiple year policies in multiple records (one record per year) 

Avoid entering single records corresponding to more than one site (i.e., a record 

for “5 various” sites should be split into five records) 
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n Periodically test databases to be sure that all fields that should be the same 

actually are the same (e.g., multiple entries for the same policy limits in a flat 

database, or link fields in a relational database) 

Sensitivity Testing and interpretation of Results 
“Pammeter risk, by its very nature. cannot be prechely estimated. M 

Given the many sources of uncertainty in the analysis, it seems reasonable to conclude 

that the selected range of potential ultimate liabilities should reflect both stochastic and 

parametric variation. The model itself will produce information on stochastic variability, but 

it is necessary to do sensitivity testing in order to get an indication of the potential parametric 

variability. 

For a given set of claims and parameter selections, we have found less stochastic 

variation in the results than we originally expected. On the other hand, the variation in results 

between the different triggers can be extreme. This is a particular problem for companies that 

began writing only in the late 1970s and, as a result, have significantly more exposure to the 

manifestation trigger than to others. This can be quite troublesome in estimating a reasonable 

range of outcomes. 

Sensitivity testing on the parameters can be very time-consuming, since the model has 

to be re-run with each new parameter set. Two approaches are possible: (1) construct a 

meta-program that randomly selects values for each parameter from specified distributions for 

Stephen W. Philbrick, “Accounting for Risk Margins” in the Spring 1994 CAS Forum, 
p. 5. 

127 



each meta-trial, (2) select a set “normal” set of sensitivity tests to be run, varying the 

parameters one at a time. The latter undoubtedly misses some parameter combinations that 

would produce extreme values but has the advantage of a shorter run-time. 

The results produced by our simulation model tend to be quite stable, i.e., small 

changes in the parameter selections tend to produce proportionally smaller changes in the 

results. One exception to this general result is that, for a given population of claims, the 

results can be very sensitive to the level of assumed underlying limits. Because of this, we 

urge direct excess and reinsurance writers to capture as much information as possible about 

the underlying limits (i.e., the true distance between the attachment of their coverage and the 

first dollar of loss). 

I 

IBNR 
‘Yeah, . . . lmaghmd but not real”)* 

At some point in the development of IBNR estimates, it becomes necessary to confront 

the critical issue of the time horizon of the projection. This selection is deeply intertwined ._ 

with questions of accounting and disclosure and may reflect an insurer’s philosophy as much 

as or more than its actuaries’ technical preference. While the questions of accrual under 

statutory and GAAP discounting as well as the professional standards applicable to loss 

reserves are beyond the scope of this paper, we note that there are several time horizons that 

are intuitively and/or technically appealing. 

._ 

‘a Overheard at a meeting on indicated rate changes. 
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The first of these is “horizon = now,” i.e., no IBNR. According to public disclosures 

of insurers, this has historically been a very popular choice. It has the advantage of accurately 

reflecting the perceived disorder and non-quantifiability of the pollution claims process. On 

the other hand, it is significantly lacking in intuitive appeal, given that the number of notices 

being received, while erratic, does not show any signs of dropping to zero in the near future. 

At the other extreme, one could select “horizon = m.” The primary problem with this 

selection is the massive uncertainty regarding the ultimate underlying cleanup costs. Even 

assuming continuation of the current legal, social, technological and judicial environments, the 

question of the number of sites that will ultimately be remediated (as distinct from the number 

requiring remediation) is essentially indeterminate at this time. 

Having ruled out both zero and infinity as acceptable goals, we selected “horizon = 

the year 2000.” That is, we currently project the costs associated with sites discovered 

through the year 2000. Of course, loss emergence and payment on those sites continue for 

many years after that. This was an entirely pragmatic selection based on the EPA’s stated 

plan to have 2,100 sites (cumulative) on the NPL by 2000. 4o Other selections are clearly 

possible. 

Even given a time horizon, the estimation of a reasonable IBNR allowance is subject to 

significant uncertainty. Having said that, we note that IBNR can be decomposed into distinct 

elements, each of which can be analyzed. 

‘O OAOlFuture Challenges for Superfund Program, p 12. 
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The components of pollution IBNR for direct writers are: 

. undiscovered policies 

. unreported PRPs 

. discovered but unreported sites 

n undiscovered sites (NPL and non-NPL) 

For reinsurers, we must add to the list: 

m 

. known but unreported primary claims d 

The effect of undiscovered policies is easiest to quantify. For example, if a complete 

list of all insureds (such as all facultative certificates) ever written is available, the effect of 

future policy discoveries can reasonably be assumed to be zero. (Technically, it is not zero 

due to the possibility that coverage may have been provided to an affiliate under a different 

name.) Unless a complete list of historical insureds is available, there is a potential for 

additional policy discoveries that appears to increase as the attachment point increases. 

A properly defined and consistently maintained database of pollution claims/notices will 

provide the data necessary to analyze policy discoveries. In the absence of this historical 

data, the claims department is usually willing to provide qualitative information. 

As time goes on, unreported PRPs are increasingly exposed to the late notice defense. 

Nonetheless, it appears undisputable that there are still PRPs who have not yet begun the 

claims process. This is based on a comparison of the EPA list of PRPs and the Fortune 1000 
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list to known claimants. It is not yet clear to what extent the non-reporting varies by size of 

insured. However, the most intuitively comfortable argument is that the smaller PRPs are 

likely to be more under-reported as a group in the primary layer of coverage. Even if this is 

not true, it is could be argued that the late notice defense will, on average, be more successful 

against larger PRPs who “should have known” their policy obligations. 

Even among reported PRPs, there is obvious under-reDortina of known sites. Some of 

this may be based on the PRPs’ analyses of likely remediation costs, with PRPs simply 

omitting low cost sites from their claims in order to save on paperwork. Additional “under- 

reporting” may actually be “under-recording” due to the understandable distaste of claims 

departments for recording each individual site, especially if a single insured reports hundreds 

of sites. 

Whatever the cause, our analysis indicates a substantial potential for growth due to 

known but unreported sites, even at the primary level. There are conflicting arguments 

regarding the likely average severity of these sites. On the one hand, the fact that they are 

unreported by a reporting PRP would indicate that such sites should involve only low costs, 

since a potentially high-cost site would have been more thoroughly reported. On the other 

hand, it is clear that the unreported sites tend to be non-Superfund sites, and there is some 

evidence (albeit somewhat sketchy) that such sites may tend to be owned sites subject to 

voluntary cleanups. Owned sites can be dangerous to high layer covers, since the lack of 

spreading among PRPs means that the sites can penetrate to higher layers. 

Once the selection of a projection horizon has been made, the issue of the number of 

undiscovered SuDerfund sites becomes manageable. Unfortunately, the question of their 
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severity is less clear. One school of thought maintains that the average remediation cost (in 

current dollars) of sites to be added to the NPL list will be the same as those currently on the 

list; until recently, this was the position of the EPA. However, a consensus appears to be 

emerging that average per-site remediation costs will be lower for sites added to the NPL in 

the future for two reasons: 

l As noted above, the cost distribution of known sites is highly skewed; deletion 

of the top 1% of the sites for which remediation cost estimates are available 

removes 31% of the costs and decreases the average per-site cost from $57 

million to $40 million. There is a strong “gut feel” that it would be hard to il 
Es 

overlook another site as expensive as these mega-sites. Put another way, the 

argument is “How many more Rocky Mountain Arsenals can there be?‘14’ 

n Even without any cost reduction effects from Superfund reform, the EPA is 

increasingly tolerant of innovative technologies, the use of which should 

decrease per-site costs over time. 

It is frequently asserted that “undiscovered” NPL sites are actually only “unlisted,” i.e., 

they are already known as state sites but are simply not yet on the NPL. For such sites, it is 

necessary only to estimate the additional costs not yet recognized. The increase arises from 

three causes: (1) under-estimation of the correct costs even as a non-NPL site, (2) poor 

remedy selection or inept implementation of a reasonable remedy42; end (3) the “load” 

‘r Referred to as “barrel scraping” by the CBO in their 1994 report (see References). 

Q The OTA (p. 11) asserts that many state sites are being remediated so poorly that 
substantial additional costs will be incurred in the future simply to correct current 
mistakes. 
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caused by listing on the NPL, which may as much as double the otherwise correctly estimated 

cost. Thus, some IBNR scenarios might assume that future NPL listings are already discovered 

and that all future listings are known but under-estimated. 

The costs associated with undiscovered non-NPL sites are more problematic. Any 

analysis must consider the question of whether the inventory of non-NPL sites that will be 

remediated will grow in proportion to the growth in the NPL or at a faster or slower rate. For 

example, if the entire growth in the NPL is at the expense of the non-NPL inventory, then the 

non-NPL growth rate might be less than that of the NPL. On the other hand, if we accept the 

argument that the biggest sites have already been discovered, then it may be possible to infer 

that the smallest (i.e., non-NPL) site counts will grow faster than the other categories. Once 

an assumption (or range of assumptions) about the number of future non-NPL sites is selected, 

the projected costs per site must be selected so as to be compatible with the count 

assumptions. 

If the University of Tennessee study is used in analyzing the non-NPL problem (both 

unreported and undiscovered), care should be taken to reflect the fact that most but not all 

RCRA sites have been subject to closure and post-closure financial responsibility requirements, 

and so additional resources m be available at these sites. Because the operating years of 

RCRA sites tend to be more recent than CERCLA sites, the effect of the absolute pollution 

exclusion will also be greater. 
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Reinsurance issues 
“Stick it to the next generation!” 

Although both outwards and inwards reinsurance pose interesting analytical problems, 

the outwards (ceded) side has fewer uncertainties because there are fewer data problems. 

On the ceded side, the basic problem tends to be one of detail: Because reinsurance programs 

can be very complicated, it is usually necessary to make some level of simplifying 

assumptions. Given the magnitude of the other uncertainties, this does not usually cause 

much discussion. 

Having simplified the reinsurance protections into an understandable form, it is still 

necessary to consider the questions of aggregation/trigger/definition of occurrence and the 

treatment of coverage dispute costs (particularly when there is no indemnity). We note that 

it has been argued there was wording in some reinsurance treaties that might facilitate 

aggregation. 

1993 SEC disclosures show an average net-to-gross ratio of approximately 0.60 

(pollution and asbestos combined). Future movement in this ratio is subject to competing 

forces: As the larger, more complicated claims are finally settled and allocated to reinsurers, 

it will act to decrease the ratio. On the other hand, a move to settle with some of the smaller 

PRPs that are currently inactive might tend to increase the ratio, since these smaller costs 

would be more likely to be held net. If reinsurance treaties are fully penetrated but allow only 

limited reinstatements, this would first decrease and then increase the ratio. 

43 Lucy in “Peanuts” 
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In analyzing a book of inwards (assumed) reinsurance, the same simplifying 

assumptions are likely to be necessary and the effect of different theories of aggregation 

becomes even more important. However, there are three even more basic problems caused 

by the data: 

n (excess of loss covers) Even within a single book of assumed reinsurance, 

differences in reporting practices are obvious, with some cedents apparently 

reporting all or nearly all of their claims to essentially all of their reinsurers, 

while others are currently reporting very few claims and then only to their lower 

layer protections. Some ceding companies report only “various insureds, 

various sites.” 

In analyzing a book of assumed reinsurance, the actuary should ask the claims 

personnel if the company has reporting agreements in place with any of its 

cedents. These agreements specify when and what should be reported. In 

exchange for more complete information on the claims that are reported, the 

reinsurer agrees not to assert a late notice defense against the rogue claims that 

penetrate into its cover without having been reported earlier. The generic 

version of the reporting agreement/form may be referred to as “the Preston 

form,“W but this is frequently customized by specific agreements between 

ceding and assuming companies. A copy of the generic agreement is included 

as Appendix H. 

44 After Preston Gates Ellis & Rouvelas Meeds, the law firm that, together with Guy 
Carpenter, midwifed the generic agreement. 
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Of course, for actuarial purposes, complete precautionary reporting of all 

insureds and sites (or at least all insureds) would be much more desirable, but, 

where it has been attempted, the flow of paper becomes unmanageable, 

particularly in the retrocessional layers. 

l (quota share covers) For quota share covers, the problem is even more basic: 

pollution losses are frequently not broken out from the “normal” losses at all, 

much less by claim. No consensus has emerged regarding the estimation of 

potential pollution losses within these books. 

. (all reinsurancelretrocessions; also some direct excess) As was mentioned 

earlier, the model results can be quite sensitive to the attachment point used. 

This is a problem, since many attachment points are stated as “excess of 

underlying” or “excess of primary.” The missing layer near the ground can be 

large and highly variable, reacting to both the insurer’s usual practice, the 

year/decade of the policy, and the size of the insured. 

The missing information affects the signed line/width of layer in addition to the 

attachment point. Where either average or specific underlyings are available, 

adjustments to all of the parameters are possible.45 At the very least, some 

assumed underlyings should be simulated; discussions with the claims 

department will usually lead to a mutually agreeable distribution. 

45 See Cross and Doucette, p.32. 
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Reinsurance analyses also raise the issue of “underlap,” i.e., the possibility that the 

direct coverage limit is less than the top of the reinsurer’s layer so that an indemnity loss could 

never fully exhaust the reinsurer’s coverage. In some cases, the direct limit may be so low 

that the reinsurer’s coverage cannot be penetrated by indemnity costs at all. Limited datasets 

that included primary coverage information indicate that underlap may be significant. 

There are also issues of coverage, since the reinsurance wording may differ from that 

of the direct policy. 

We note that any analysis using the aggregate loss development or MCP procedures 

needs to take into account that reporting to reinsurers is relatively slow for this type of loss. 

In particular, a significantly higher multiple of current payments is necessary in order to reflect 

the same survival time, since reinsurance payments will increase faster than those of their 

ceding companies. 

References 

There is a great deal of public material available on Superfund and the U.S. remediation 

problem. Unfortunately, very little of it directly addresses the question of potential insurance 

liabilities. Additional problems are caused by the fact that different studies are intended for 

different uses; as a result, studies that appear to address the same question (e.g., the total 

remediation cost at current Superfund sites) may produce very different results. For example, 

46 Dante Alighieri, The Divine Comedv. Hell (Canto 3, line 9) [inscription at the gates of 
Hell) 
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users looking for cost information in the following references should be wary of the following 

differences: 

Are the costs total, only future, or only past? 

Are the costs total, only EPA, only EPA non-recovered? Do they include PRP 

transaction costs? PRP “shadow” costs? 

Are the costs in nominal dollars, current dollars, or discounted dollars? If 

discounted, what were the discount rate and time horizon? 

Are the costs total, for non-federal sites only, federal sites only, orphan sites 

only, non-municipal sites only? 

Are the costs for only the current Superfund or for the projected “ultimate” 

NPL? (How many sites are assumed to be on the “ultimate” list?) 

Do the estimates assume level, decreasing, or increasing per-site costs? 

I 

In short, although we have found the following references useful and recommend them 

for those seeking to learn more, we suggest that they be used carefully. In addition to the 

usual citations, we have included information on ordering the material, where available; for 

some of the older material, this information may have changed. 

The following list is meant only as an introduction; it does not encompass every article 

that might possibly be of interest. For example, we have included only one general reference 

on legal issues and none devoted solely to engineering, environmental audits, or remediation 

technology. Because of the current legislative attention to Superfund, additional material is 

being published frequently. 
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Hazardous Waste Remediation: The Task Ahead (with six related volumes), by Milton 
Russell et al., University of Tennessee, 1992. 

order from: The University of Tennessee 
Waste Management Research and Education Institute 
327 South Stadium Hall 
Knoxville, TN 37996-0710 
6151974-4251 

cost: $56.00 (for all seven volumes) 

2. Congressional Budget Office, various studies including: 
The Total Costs of Cleanina UP Nonfederal Superfund Sites (January, 1994) 
Analvzina the Duration of Cleanup at Sites on Superfund’s National Priorities List 
(March 1994) 

order from: Congressional Budget Office Publications Office 
Second & D Streets, SW. 
Washington, D.C. 20515 
2021226-2809 

cost: inquire 

3. 

4. 

U.S. General Accounting Office, various studies, including: 
Superfund: Cleanups Nearina Completion Indicate Future Challenaes (GAO/RCED-93- 
188) 
Superfund: EPA Cost Estimates Are Not Reliable or Timely (GAOIAFMD-92-40) 
Hazardous Waste: Pollution Claims Experience of ProoertvlCasualtv Insurers 
(GAO/RCED-91-59) 

order from: U.S. General Accounting Office 
P.O. Box 6015 
Gaithersburg, MD 20877 
2021275-6241 

cost: first copy of each report free; additional copies $2 each 

RAND--The Institute for Civil Justice: 
Private-Sector Cleanup Expenditures and Transaction Costs at 18 Suoerfund Sites, by 
Lloyd S. Dixon, Deborah S. Drezner, and James K. Hammitt, 1993. 
Superfund and Transaction Costs: The Experience of Insurers and Verv Larae Industrial 
Firms by Jan Paul Acton and Lloyd S. Dixon, 1992. -, 
Understandina Suoerfund: A Proaress Report, by Jan Paul Acton, 1989. 

order from: RAND 
P.O. Box 2138 
Santa Monica, CA 90407-2138 
310/451-7002 

cost: inquire 

5. U.S. EPA responses to July IS, 1993, request for information from Representatives 
Dingell and Swift, annotated as OSWER Directive 9200.2-21 ,dated January 28,1994, 
and signed by Elliot P. Laws, Assistant Administrator 
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6. Superfund Handbook: A Guide to Manaaina Responses to Toxic Releases Under 
Superfund, by Gene Lucero et al., Sidley & Austin Law Offices and ENSR Corporation, 
1989. 

order from: ENSR Corporation 
Marketing Department 
33 Nagog Park 
Acton, MA 60603 
508/635-9500 

cost: $45.00 

7. Cleanina UP Hazardous Waste: Is There a Better Wav?, by Orin Kramer and Prof. 
Richard Briffault, 1.1.1. Press, 1993 

order from: Insurance Information Institute 
1 10 William Street 
New York, NY 10038 
2 12/669-9200 

cost: first copy to a company free 

8. Comina Clean: Superfund Problems Can Be Solved . . . . by the Office of Technology 
Assessment, 1989. 

order from: Superintendent of Documents 
Government Printing Office 
Washington, DC. 20402-9325 
2021783-3238 
cite GPO stock #: 052-003-01166-2 

cost: call to verify; was $10.00 

9. A Review of Environmental Coveraoe Case Law, by V. Jeffrey Purcell et al. (editors), 
American Re-Insurance Company, 1994. 

order from: American Re-Insurance Company 
American Re Plaza 
555 College Road East 
P.O. Box 5241 
Princeton, NJ 08543 
609/243-4200 : 

cost: call to verify; was free 

IO. “U.S. Insurers’ Potential Liabilities for Inactive Hazardous Waste Sites: Scenarios and 
Discussion” (testimony before the House Subcommittee on Policy Research and 
Insurance) by Amy S. Bouska, September 27, 1990. 

order from: Amy S. Bouska 
Tillinghast/Towers Perrin 
8300 Norman Center Dr., #600 
Minneapolis, MN 55437-l 097 
6121897-3430 

cost: free 

11. “Environmental/Asbestos Liability Exposures: A P/C Industry Black Hole” in BestWeek 
PropertvlCasualtv Supplement, March 28, 1994. 
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12. “Defending a Natural Resources Damages Claim” by Roscoe Trimmier, Jr., in 
Environmental Claims Journal, Vol. 4, No. 2, Winter 1991192, pp. 163-l 74. I 

13. “Double Jeopardy” by Karen M. Tiemens, in Resources, January 1993, pp.3-5. (about 
~ 

natural resource damages) 
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Example Aggregate Loss Development Payment Pattern Appendix D 

Discovery Year 
Number of Discovered Sites 
Cost Relativity 
Estimated Relative Cost 

1990 
10.0 
1.10 
11 .o 

1991 
25.0 
1.00 
25.0 

1992 
16.0 
0.90 
13.5 

Total 
50.0 

49.5 

Discovery Year 1990 1991 1992 
Cleanup Costs 50% 60% 60% 
Defense Costs 50% 40% 40% 
Total 100% 100% 100% 

rv Year sod 

Years since Discovery Year: 1990 Discovery Years: 1991 & 1992 
Discovery Cleanup Defense Average Cleanup Defense Average 

0 33% 50% 42% 50% 75% 80% 
1 33% 40% 37% 30% 15% 24% 
2 33% 10% 22% 20% 10% 16% 

Note: Averages are weighted with the cost distributions by discovery year. 

Year PgvmentPatfern 

I I Estimeted Relstive Cost by 1 Estimated Percent Cumulative 
Calendar Discovery Year Relative Paid in Percent 

Year 1990 1991 1992 Coat Paid the Year Paid 
1990 4.6 4.6 9.3% 9.3% 

4.0 15.0 19.0 38.6% 47.7% 
2.4 6.0 8.1 16.5 33.3% 81 .O% 

4.0 3.2 7.2 14.6% 95.6% 
1994 1 2.2) 2.2 4‘4% 100.0% 
Total 1 11 .o 25.0 13.51 49.5 
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Appendix E 
Sheet 1 

Database Structure 

independent of the details of how claims are recorded, the claims database will be in 

one of two formats: flat or relational. Although we have come to prefer relational databases, 

there are advantages to each format relative to the four most important criteria: 

. Simplicity 

n Physical limitations of PCs and software 

n Data quality 

. Expandability 

Fiat files are two-dimensional matrices of data where each record (row) corresponds 

to a claim and each field (column) corresponds to a particular element of data (claim number, 

date of loss, insured name, . ..I. 

Simplicity is the primary advantage of a flat database. They are easily understood and 1: 

working with them requires little or no knowledge of database programming or software. In 

fact, their two-dimensional structure lends itself to use in spreadsheets assuming that the data 

is sufficiently small. 

Unfortunately when using a flat file format, the physical limitations of PCs are a 

concern for all but the smallest pollution databases. Therefore, flat files have limited value 

beyond initially capturing data. Problems with random access memory (RAM), disk space, 
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Appendix E 
Sheet 2 

and processing time quickly arise due to the fact that fiat files store too much data in each 

record and too many records to relate coverage to claims. For example, coverage information 

on a specific policy would appear in all claim records relating to that policy (see Appendix F), 

resulting in too much data per record. Also, extraneous claim records are included for 

individual claims that relate to more than one policy. (A detailed example of both effects is 

discussed below.) Physical limitations generally preclude any significant expansion of the 

scope of the sample flat file structure shown in Appendix F. 

Our experience is that inconsistencies tend to occur more often and are more difficult 

to detect in flat files. Although this is somewhat anti-intuitive (since relational databases are 

more complex), it is easily explained by an example: If an insured is claiming five sites against 

a single policy, a flat file will have five records with the same policy information. Because the 

policy data has to be entered five times, small discrepancies are common. While this may be 

of little importance to the claims staff (who have the policy nearby), resolution of the 

differences is cumulatively time-consuming when each record has to be correct in order for 

the model to use it. 

Relational databases consist of two or more two-dimensional matrices (called tables) 

of information that are related by one or more fields. The primary reason for using relational 

databases is to overcome the physical limitations of flat files. However, there are costs and 

secondary benefits associated with relational files that should be recognized. 
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The complex format (relative to flat files) of the data is the most significant “cost” of 

a relational database, which can be maintained and manipulated only with the help of a 

relational database management system such as dBase, SQL, Access, Paradox, or a custom- 

designed system. We note, however, that these systems can be hidden behind more user- 

friendly “shells” that make data entry and retrieval easy. 

The main advantage of relational data is efficiency that helps to overcome physical 

barriers with respect to storage space and, more importantly, memory and processing speed. 

To illustrate the efficiency of relational databases, consider a single PRP having coverage from 

5 policies on 10 waste sites, A flat file containing 60 records (5 policies x 10 sites) and 3 

fields (policy, PRP, site) is required to store the data. The file contains 150 cells of data (50 

records x 3 fields) most of which are extraneous. A relational format using the PRP in both 

a site table (10 records x 2 fields) and a policy table (5 records x 2 fields) requires only 30 

cells of data, an 80% reduction in the volume of data. Hence, relational formats are much 

more efficient in storing data. The improved efficiency translates into faster processing time 

that allows us to work on larger bodies of data and/or to compare claim data to external 

databases. 

As discussed above, improved data quality is an important secondary benefit of 

relational files. 

Finally, the efficiency of the relational database format allows us to consider expanding 

the scope of the database beyond the limitations of flat files. This can be accomplished by 
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either adding fields to existing tables or by adding entire tables to capture additional 

information. One possible expansion of the data that we propose below is a relational table 

containing loss transactions. 

Database Content 

Our discussion of pollution data fields considers a range of detail, from a minimal 

configuration through an extensive database including fields useful for researching the 

processes underlying pollution liabilities. We will also consider some current accounting 

practices that affect the data. 

The most basic pollution claims database contains only coverage information (see 

Appendices E and F, fields marked with “1 and assumes that all site involvement data will be 

supplied externally. While this configuration is easily maintained, we believe that it sacrifices 

a considerable amount of valuable data. As discussed in the section on a, many insureds 

are involved at NPL sites where they are not a public PRP; in addition, claims records are the 

best source of non-NPL information. 

The insured PRP name is the single most important field and consistent spelling is 

critical unless an insured ID number is added. The exact spelling is important, since, without 

the addition of some sort of fuzzy matching routine, most programs will not recognize that 

“Grace, WR” is the same as “The Grace Company”. 
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Accurate coverage information is also critical to the analysis of pollution liabilities. All 

coverage information should be stated relative to the first dollar of loss to the PRP (i.e., “above 

the ground” or “ground up”) including any self-insured retentions or deductibles. The ground 

up attachment point is particularly important to pollution liability analysis. The required 

coverage information includes effective date, the ground up attachment point, the width of 

the layer, and the percentage of the layer written. Additional useful coverage fields (marked 

with # in Appendices E and F) include expiration date, exclusion information, CSL vs. split 

limits, and expense treatment. 

Unlike most claim files, the basic pollution database does not include amounts paid or 

outstanding. The reason for this is that losses are not relevant to the model analysis of 

potential ultimate losses, since the intent of the model simulation is to test the reported losses. 

The loss data required for the aggregate loss development and MCP approaches is usually 

available from the standard claims system, as are the amounts paid and outstanding by 

insured (for purposes of determining if certain insureds should be excluded from the analysis). 

A mid-level pollution claims database captures site involvement information in addition z 

to the basic or expanded coverage data. It is at this point that a claims system is likely to be 

converted to a relational database format, since addition of the site information generally 

causes a significant growth in the record count. The usual structure is illustrated in Appendix 

G; the insured name is associated with policy numbers and site IDS numbers, and these are 

the links to the coverage and claim (site) tables. 
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The addition of site data introduces even greater potential for spelling problems, since 

site names may have several aliases.47 It is our experience that use of the EPA FINDS 

number solves most site identification problems. For sites where a FINDS number is not 

available, it is sufficient to assign a unique number to each different site (or site/PRP 

combination). 

The optional I#) site fields contain data that can be directly extracted or simulated from 

external sources if necessary but which are useful if available specifically for that site/PRP 

combination. The specific information is always more desirable than simulated values, but 

cost/benefit decisions are required due to the data entry effort required. A compromise course 

is to enter the detailed site information only for PRPs/sites perceived to be potentially costly 

to the insurer. 

An exoanded pollution claims database adds claim transaction information or other data 

useful for conducting research on the claims or the underlying pollution loss process. For 

example, examination of the cash flows for a given site, type of claim, or groups of sites with 

certain characteristics (i.e., number of PRPs, cost,... ) could develop useful basic information. 

The sample pollution database in Appendix G includes a claim transaction table layout that 

could be used to capture the data required for this analysis. 

47 For example, HardagelCriner = Hardage = Royal = Royal Hardage = Criner = 
McClain = McClain County = FINDS OKD000400093 
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Introduction of dollar amounts into the database creates questions of allocation, both 

of indemnity and expenses (which may be allocated differently). All of the analysis methods 

described herein are insensitive to the allocation of dollar amounts, both among years and 

policies and between loss and expense. As a result, the allocations generally reflect a 

company’s position on the coverage trigger and its level of reinsurance notification activity. 

We can, however, envision future methods of analysis that might develop as more data 

becomes available and that might be more sensitive to the exact allocation protocol used. 
I 
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Sample Flat Database 

Field Name 
l 

l 

x 

1 

# 

* 

* 

c 

# 

# 

# 

# 

* 

# 

# 

# 

# 

# 

# 

1. 
2. 
3. 
4. 
5. 
6. 
7. 

8. 
9. 

10. 
11. 

12. 
13. 
14. 
15. 

16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 

24. 

25. 
26. 
27. 
28. 
29. 

Insured name 
Insured ID number 
Claim number 
Policy number 
Policy effective date 
Policy expiration date 
Policy attachment point ABOVE THE GROUND 
The terms “‘Above the Ground” or “Ground Up ” indicate that losses should be 
stated from the first dollar of loss incurred by the insured including any self- 
insured retention or deductible. 
Percent of layer ** 
Width of layer* * 
l l width x percent = maximum loss (excluding expenses) 
Aggregate Limit 
Expense treatment 
e.g., Expenses within limits, pro rata in addition to limits, indemnity only,.. . 
Pollution exclusion indicator 
Limit type (CSLlsplit) 
Site name 
Site ID number 
US EPA FINDS numbers (alphanumeric) are ideal for NPL sites. 
Site city 
Site state 
Site ZIP 
Site operation date (beginning) 
Site operation date (ending) 
Site discovery date 
Report date (to insurer) 
Type of loss 
e.g., Cleanup, third party Bl, third party PD, na rural resource damages,... 
Claimant 
e.g., US EPA, Jane Doe, . . , 
Declaratory judgment action indicator 
Loss Paid 
Expense Paid 
Loss Reserve 
Expense Reserve 

l lndica tes fields required for the minimum configuration. 
#Indicates fields of some importance that could be incorporated directly into the analysis but 
can be simulated or based on overall assumptions. 
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Sample Relational Database 

PRP Table 
For each INSURED: 
l 

1. Insured name 
2. Insured identification number 

x 3. Claim number 
l 4. Policy number 

Coverage Table 
For each POLICY NUMBER referenced above: 
x 1. 
1 2. 
# 3. 
l 4. 

* 5. 
* 6. 

# 7. 
# 8. 
# 9. 
# 10. 

Policy number 
Policy effective date 
Policy expiration date 

I 
._. 
r 

Policy attachment point ABOVE THE GROUND 
The terms “Above the Ground” or “Ground Up” indicate that losses should be 
stated from the first dollar of loss incurred by the insured including any self- 
insured retention or deductible. 
Percent of layer l l 

Width of layer* l 

‘.- 

l * width x percent = maximum loss (excluding expenses) 
Aggregate limit 
Expense treatment 
Pollution exclusion indicator 
Limit type (CSL/split) 

Claim Table 
For each CLAIM NUMBER: 
l 

1. Claim number 
x 2. PRP number 
l 3. Site identification number 
# 4. Type of loss (e.g., clean up, 3rd party BI or PD, natural resource damages . ..I 

5. Claimant name (e.g., US EPA, Jane Doe ,...) 
# 6. Declaratory judgment action indicator 

7. Report date to insurer 
8. Closed date 

# 9. Closed status (open, settled, defense verdict, plaintiff verdict,...) 

l Indicates fields required for the minimum configuration. 
#Indicates fields of some importance that could be incorporated directly into the analysis but 
can be simulated or based on overall assumptions. 

154 



Appendix G 
Sheet 2 

Site Table 
For each SITE NUMBER: 
* 1. Site name 
* 2. Site identification number (US EPA FINDS number if available) 

3. Site city 
# 4. Site state 

5. Site ZIP code 
6. NPL (Y/N) 

# 7. Site operation date - beginning operations 
# 8. Site operation date - ending operations 
# 9. Site discovery date 

10. Total estimated cleanup costs 
11. Total estimated third-party costs 

Claim Trensac tion Table 
For each CLAIM NUMBER referenced above: 

1. Claim number 
2. Site identification number 
3. Report date (to insurer) 
4. Transaction date 
5. Current indemnity payment 
6. Current expense payment 
7. Change in indemnity reserves 
8. Change in expense reserves 
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STATEMENT OF UNDERSTANDING 
REINSURANCE CLAIM REPORTING CRITERIA 
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me purpose of these guidelinas is to provide generally agread upon objective criteria for 
the initial reporting of pollution Mwranca dainls. These guidelines may be amended 
or modiad by individual ceder@ and reinsurers, but general adherence to these 
guidelines will pannit e!fftCient reporting and raduqe tha amount of paper and cost 
presently encountered 

These guidelines am Mt intended to. and do n* modify We lagal relationship between 
c-eden& and reinsurers. lha legal effect of usa of thesa guidelines will be the subject of 
negotMonbetweenindivldualwdantsandMnswam. l’hisisbeingdoneasamutual 
ac#rmmodationwtththaintentfhatltwNresuttin agrwwntbythereinsurannotto 
assenLWenatiwifthe~riearoagrecrdtoand~toby~csdent Cedentswill 
makegoodfaitfieffortEtorepoRontheRertonFormorona~pMconrainingsimilar 
qualiie information, with supplemantal information to be mported on an ongoing basis 
as warranted. 

I 

These guideliners ara intoMad to ident@ .thosa poWtion claims whir9 may have 
reinsurancs exposure, and to provide eariy lnfonnetion try rainwren so that they may 
evaluate those daims. Sina the underfying daims are subjeqt to coverage disputes, the 
aiteriaarekeycrdlarg~to~~fbuyldd~of~~er,raEherthan 
the exposure to the wdent attar resolution of awerage isawa. 

_,, 

- 

These guidelines do require casdents to notffy r&swam, assoonasprackal.offhose 
daimsthatmeetthecrkerfa ttisnotaxpeUedthatcadentawilundartakainvestigation 
or evaluation of daims solely to demmine whether they are subject to the criteria, and 
cedents shall be under no obligation to do so. The informaticwt utWexf shall be that which 
is obtained by cedents in its normal course of business of imwstigating and managing 
pollution claims. Ukuwise, cadents shall be under no obligation to awwtain proportional 
share responsibiilas of a policyholder, since determination of such shares are nomWy 

.; 
z 

the subject of lengthy nagotiations and/or litigation in the underlying daim, and require 
analysis of many factors, induding taxicity, orphan shares and EPA enforcement strategy. 
When information identifying proportionate share is iderMed by the cedent, however, 
cedents shall have an obfrgation, as soon as practical, to provide minsurance~ notice if the 
objective criteria are met 

; 
- 

A list iderMying the non-NPL sites raferenced in II(a) and (b) of tha crfteria wii be 
compiled and distributed annually by a gtimmentaj or industry sourw. 

As noted, these reporting critaria guidelines, except as agraed to by individual -dents 
and reinsurers, shall ndt modify tha legal rights of the parties. Usa of these reponing 
criteria will not waiva conwztuai rights or defenses, and will not be deemed to be an 
interpretation of contract language or a wursb of perfwwcs 
under any contract. 

The adoption of these criteria doas not nullify the affect of any and all previously given 
notices m reinsurers. 
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DISCLAIMER: 

Nether thii report nor application of the ‘Reinsurance Claim Reporting Criteria’ shall 
constftute the adoption of any pOStiOn On any issue of coverage, in&ding buf not limited 
to the existence, date, number of daims or ocourrences in a potential reinsurance claim. 

In addition, this report and the use of this crtteria shall not constkute an admission that 
the underlying daim involves one or more covered ckns or occurrences under any 
policy of insurance. Furthermore, this report and the use of this criteria does not 
ConsMute any poskion or admission on the pert of the policyholder. 

This report contains information taken from EPA reports and other site and/or claimant 
documents. The information contained in such documents cannot, in every instance, be 
verified for acowacy. All inWnation d&dosed is for confidential use by the ceder0 
reinsurers. 

I. All pollulion-retlated DJ actions where paid DJ expenses is in excess of 
$ 0napokqholderbasia;or 

II. Any poflution-related daim where the poficyholder is: 

a An alleged present or past owner or operator of an NPL site or any ol 
the ten (10) most serious non-NPL sites in each of those states which 
promulgate end maintain a seperate list of sites ranked in order of 
sq or 

b. Alleged to be responsible for % or greater share of response 
cosBatanNPLsiteoranyn~sitedeso&edlnaabove. Share 
may be determined by volume or some other basis as developed in the 
underlying case; or 

C. Alleged to have an exposure of greater then $ . Exposure = 
alleged response cost x volumetric share, or some other cost-sharing 
criteria (based on something other than volumetric basis) as developed 
in the underiying case; or 

III. 

d. Named in third party privae action(s) involving a certified class action or 
suita involving or more named daimants/plai~; or 

Any pollution-related claim(s) where me cedent has paid indemnity and 
e~nses, including DJ expense, in excess of S on a policyholder basis, 
regardless of allocation methodology. 
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PART A: Sm ANALYSIS 

srrE/1ocATI0N: EPA ID No.: 

ToTALEBnMATEDcosrs PAID TO DATE 

IBI OFF-ZXE 

2. Typ of lnjwy/DAm&e Alleged: 

Any ofhu Putbunt SIB lnfdon: f4ftadl uplmte s4ezt) 

ECR Form PffiE 2 
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Handling of Claim% 

1. Date when ln~urcd gaw not&e: 

2. Identify can-taa parttctpaw tn defense dtnsured: 

5. status of ncgouauon/lulgP 

ECR Fom P&E3 
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Measurement of Asbestos Bodily Injury Liabilities 

Executive Summary 

The model presented herein pro&es a fmmalizai approach w projtxtin~ an insuvev’s or vknnruev’s 

potential asbestos b&y injury (Blj liabilitk tbro@ an anal@ 0fr.vpo.d pokey limitr. The model 

projem thegound-up ap8ate liabilitia of individual insured, alkxaia those liabilities w policy years 

and curves out the portion of the lia.bi.lik fa.&?g in the I+XC of cover* writtm @ the insure7 or 

rknsurer. That is, the underl&iqy pnxess of Aim filiw qainst the im-uttds ir madeled and then 

wmpard W tie insum’s or m~nnmr’s po&y cxpanms. 

Asbesws BI c&aims are currently beinafik?d against asbesws prod- at the razz of 2,000 w 2,500per 

month. Claim filiqqs are expzcti w coniinz4e at this rati fw at km7 the next several years and at 

lower levek over the foumpinB30 W 50 years. Witb c&Gus ggqrgating under pmiucts Lab&y polities 

over this knpb of time even high &r cress poikks can be exposed, althoug perhaps not fw 10, 20, 

or 30 years. Given the loq8 &mney perim!i f or asbesws discuses, it is impnmnt w model the underl’hng 

claim press in order w determine the ma&t&e and tin&g of cl&m that wiU be abaaed w spedjk 

insurance p0li.k 

Well over 1,000 wmpanitr have h nampn! as dejkuknntr in ushws BI k&a&t. Howezq over 

80% of the liabilities are expectzd W rekztz W fm than 50 dejhdbznts and not all such de@nahn~ 

would have been insured by a @.x insurarue company. Thus, the number of insurds presenting 

s&+uant exposure W an insurer is dzti~dy s?na~, mukinz itfeasibh w w?upi& pohy de&& (e.g., 

attubnent point, limit, exclusions on aU@icies pmvidingpnhcts liabili~ coverwe W 5x42 insureds 

or W a qresentutive sample goup of insureA. In the paper, we &scribe a $ve tier g~tzm for 

catgokzin8 dejhduna Recording w the nature (and thw tn+gnitudqJ of their exposure w asbesws BI 
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claim activity. The tier syra?m is use&l in sekxiitg a sample pp fw the model anal@ and in 

rrtrapolatin~ the msr& of the m&i analysis to incti all insumds. 

Through chim hpartment recorh and public sounzs, it is postibk to compile infmmation on claim 

j2irgs and payments fm each insured in the samplegroup. Current claim infmmatiim by insurtd as 

well m assumptions rgardiwfiture ckaim fiiitgpattbvns, claim sewrity @en&, and txpmse ratio.5 are 

used in the m&l to projtxt#p wte &sses jii each insud. The model alhas the 

projecrvd costs to policy years us& either spu@c infmmation ou the insured’s MperRBc block or 

assumptions regarding the number of years over wbtib an insured’s c&aims will be alloca~ ana’ the 

expected distr&tion by year. 

Once pmje~tzd cos8 are alhcatzd to policy yycars, the~nahp c4sts pev yar an compared w the exposed 

policy limits in that year to ak~‘ru the insu&s w n%si4mr’s &an of the costs. In makin& this 

comparison, it may be mzessav to mte the atmcbment point, limit, and participation penzentqes of 

expaed ~XL-JSS and reinsuramz po&&s m be rehtive fa the first dollar of loss. This adjustment m policy 

terms is discussed in detail in the paper. 

The underlying pnzzss of claim fit!& ir m&M at the insuverl he1 for each &ure cahdar year. 

Campar@ these proj&ions to the insum’s or minsurer’s policy exposun3 pmdw-es a patz23-n fw hs 

enmpnce ur.&r these policies. The hs emegen~ pattzm can be useful in deriving cash jhw 

proje&ns. The pattern can alco be used, ah& rpith other model results, to prhs-e ultimate &ns 

estimaQ3 j&r insuti not incl& in the m&l ana&ij, thus arriving at a mtzsurement of an 

insurer’s w n&surer’s total asbes~s BI h2&ies associated with identi~ eqosurps. 
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@u-e the policy exposuws have been iaenliw and c&d in the m&l, asump& rgardi~ji4tuw 

claim emerpcnq claim ~+iu, expense rahs, and produns fm ahhatitg ckzims TV yeum can be 

varied ta pm&e a range of indicahms. Also, the m&l can be c+x+ updarPa in future periods and 

the tmetpw and cusb jh pattzms &iv& j&n the m&l can be wed to monitnr jktwe activiy. 



Measurement of Asbestos Bodily Injury Liabilities 

I. Introduction 

This paper presents a methodology for estimating an insurer’s or reinsurer’s potential liabilities 

from asbestos-related bodily injury (BI) claims. Property damage (I’D) claims resulting from 

asbestos axe not considered in this model. The approach is a policy limits analysis on a sample 

group of insureds. The first step in developing the methodology is obtaining an 

understanding of the nature of the potential liabilities. Thus, our paper begins with a brief 

discussion of the sign&km historical developments relating to the emergence of asbestos- 

related BI claims. Section 2 presents historical uses of asbestos, problems arising from asbestos 

use, legal issues related to the asbestos problem, and insurance issues emerging from asbestos 

litigation. This information is important in order to understand how these claims differ from 

traditional products and general liabiliry BI claims and, therefore, why traditional actuarial 

projection techniques are not directly applicable. Section 3 describes the asbestos dkases: 

mesothelioma, lung and other cancers, asbestosis, and pleural plaques. Knowledge of the 

unique characteristics of these dkases is necessary to understand the legal issues surrounding 

asbestos BI insurance coverage litigation. 

Section 4 explains the motivation for the model presented in this paper as well as the 

requirements of any methodology that projects asbestos BI liabilities. Section 5 presents 

details on the steps in the asbestos BI model. The steps may be grouped into the following 

categories: 1) determine the sample group and collect data, 2) adjust the sample group data, 

3) use the model to estimate the insurance or rcinsurance company’s liabilities for the sample 

group, 4) conduct sensitivity testing of model assumptions, and 5) extrapolate the model 

results to all insureds. To facilitate the discussion of the model, we run a fictitious reinsurer, 
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ABC Be, through each of the steps of the asbestos BI model. Fiiy, Section 6 discusses 

strengths and weaknesses of the model and identifies areas related to asbestos liability 

projections requiring further research. 

2. Background 

Asbestos And Its Uses 

What is asbestos? It is a generic term referring to a variety of naturally occur&g minerals 

which share similar properties. There are six major recognized species of Aeatos: chrysotile 

(white asbestos), amosite (brown asbestos), crocidolite (blue asbestos), anthophyllite, 

tremolite, and actinoke. These six species of asbestos come in two general forms: chrysotile 

comes in the serpentine form, the other five come in the amphibole form [l]. Chrysotile 

represents over 95% of all asbestos used in buildings [2]. Though each variety of asbestos 

has unique chamcteristics, in general, the asbestos minerals form fibers which are 

incombustible, flexible, durable, strong, and resistant to heat, corrosion and wear. Because 

of these properties, asbestos was targeted for use in an estimated 3,000 commercial, public, 

and industrial applications [3]. Examples include building insulation, pipe coverings, wire 

coatings, brake linings, roofing products, and flooring products. By the year 1900, asbestos 

was in use in the building construction industry. Asbestos was also used extensively in World 

War II ship building. Following the war, there was significant expansion of the use of 

asbestos products in construction and manufacturing, Fiie 1 provides details on the uses 

and composition of asbestos-containing building products as of the mid-1980s. Friable means 

that the material can be reduced to powder by hand pressure. 
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. . . . . . . . 1, Lmation. cm of asp 
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Problems Arising From Asbestos Use 

The virtually indexructible nature of asbestos fibers, which makes it so attractive in 

commercial applications, causes asbestos to be a health risk to humans. When airborne 

asbestos fibers are inhaled into the lungs, they tend to persist indefiitely. Thus, exposure to 

asbestos dust has been the cause of such diseases as mesothe-lioma, lung cancer, asbestosis, and 

pleural plaques. Historically, the population with the greatest exposure to asbestos dust was 

workers involved in the production or installation of asbestos [4]. 

The United States government did not take action to limit workers’ exposure to asbestos until 

the early 1970’s. Today, the permissible exposure limit for workers exposed to asbestos set 

forth in the Occupational Safety and Health Administration’s (OSHA) Asbestos Regulations 

is approximately one-one hundredth of the average exposure level of an insulation worker 

prior to 1970 [5], [6]. Figure 2 shows the exposure standards over the past 20 years, 

In 1989, the Environmental Protection Agency (EPA) issued a ban on the manufacture, 

importation, processing, and distribution in commerce of asbestos in almost all products 

[7]. The legality of the ban is currently being addressed in court. 

Figure2 

Year Enacted 

1972 

1976 

1983 

1988 

Permissible Fibers/ 
Cubic Centimeter 

Exposure Standard 
8 hour Average 

5 f/cc 

2 f/cc 

.5 f/cc 

2 f/cc 

source: OSHA 
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Legal Issues Related to the Asbestos Problem 

Prior to the asbestos litigation onslaught during the 1970s and 198Os, asbestos-related 

occupational diseases were traditionally compensated through workers’ compensation 

insurance. Claims have been filed under workers’ compensation since the 1950s for asbestos- 

related disease, the first signifiomt liability lawsuit against asbestos manuf~ was not filed 

until 1970. 

The first significant asbestos-related lawsuit, Borel v. Fibreboard, filed in 1970 and decided in 

1973, was a landmark ease in asbestos litigation. The decision held that a defendant 

manufacturer of insulation materials containing asbestos could be found liable when: 1) an 

individual’s disease was caused by exposure to the defendant’s product, and 2) despite the 

defendant’s knowledge of the risk, the defendant failed to provide adequate warniog to the 

individual. This decision opened the door for further actions against manufacturers [S]. 

As additional claims were filed in the late 197Os, defendants pursued coverage for these claims 

under their products liability insurance policies. The long latency period of asbestos-related 

c&eases (i.e., an asbestos-related disease may not manifest itself for 40 or more years after first 

exposure [9]) required legal decisions regarding the date of occurrence of asbestos-related 

BI in order to detexmine which insurance pokies were uiggered. Consequently, bcg&ing 

in 1980, insurance coverage decisions were handed down by the courts. The decisions have 

generally followed either 1) a continuous trigger (or injury-in-fact trigger interpreted siily 

to a continuous trigger) or, in some cases, 2) an exposure trigger. There has been one case 

decided on a manifestation trigger basis [lo]. Under the continuous trigger theory, injury 
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is deemed to occur continuously from the frrst inhalation of the asbestos fibers through the 

manifestation of the disease. Thus, any and all policies in effect during this time period can 

be triggered and called upon to pay the claim. Under the exposure trigger theory, injury is 

assumed to occur only during the period of exposure to asbestos. Thus, the exposure theory 

triggers a subset of the policies triggered by the continuous theory. Under the manifestation 

trigger theory, no bodily injury occurs, and th us no insurance coverage is triggered, until the 

asbestos-related disease became reasonably capable of medical diagnosis. Thus, manifestation 

theory triggers policies in a single year. [ll]. 

Since the early 198Os, the litigation for asbestos cases (lawsuits) has grown at a staggering rate. 

As of June 1991, there had been over 71,000 cases fned nationwide in federal courts. As of 

June 1992, there were at least 120,000 additional lawsuits pending in state courts. Despite 

defendants’ attempts to settle lawsuits, many still face tens of thousands of pending suns. 

Note that these are number of lawsuits, not number of plaintiffs. The number of plaintiffs 

would be even higher, because some lawsuits are consoIidations of hundreds or thousands of 

plaintiffs. 

A plaintiff typically names several defendants in a suit, even dozens, therefore adding each 

defendant’s reported number of claims together would overstate the total number of claims. 

Many defendants are beii named in thousands of new cases each month. The asbestos 

litigation problem is not going away and cannot be ignored by potential defendants or their 

insurers [12], [13]. 
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Insurance Coverage Issues 

In practice, the method of handling claims and akxating loss and expense dollars to pohck 

or self-insured periods is negotiated between the insured and its group of insurers. These 

negotiations are consistent with the applicable trigger theory. With the total fded daim count 

approaching 200,000 for some defendants, such agreements are necessary for the efficient 

processing of ciaims. For purposes of this paper, we define the defendant’s insurance coverage 

block as the years of agreed-upon coverage. Given the predominant trigger theories, the 

coverage block generahy begins with commencement of asbestos product manufacture or 

distribution and ends with either: 1) the end of the product’s commerciaI use (often early to 

mid-197Os), or 2) the last year of products liability coverage without an asbestos exdusion 

(generally Iate 1970s or early to mid-1980s). In either case, the coverage block wiII likely span 

15 or more years. 

It is interesting to note that unlike the absolute pollution exclusion introduced into the 

Insnrance Services OfIke’s (ISO) Comprehensive General Liability (CGL) policy in 1986, an 

asbestos exdusion was not consistently incorporated into policies during a cextain year. 

Bather, various forms of asbestos exdusions were phased in during the 1970s (generally Iate 

1970s) and early 198Os, ftrst for primary manufacturers and later for secondary manufacturers 

and distributors. This complicates determining the end of the coverage block for each insured. 

Today there continues to be considerable unresolved insurance coverage litigation. This 

litigation tends to revolve around three issues: 1) existence and terms of lost policies, 2) 

interpretation of asbestos exdusion wordings, and 3) applicability of the known loss 
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exclusion [14]. Although unresolved issues may hinder analysis of an insurer’s potential 

liabilities for a particular insured related to specik years of coverage, case law is sufhciently 

established to permit the estimation of a range of total potential liabilities for the known 

asbestos defendallt group. 

The trend in asbestos litigation of an incmasing universe of defendants must be understood 

before quantifying liabilities for a particular group of iosureds. Early in the asbestos litigation 

process, only major manufacturers and distributors of asbestos were named as defendants in 

the suits. However, the asbestos defendant group has expanded considerably over time. This 

is due in brgt part to the bankruptcy of major asbestos defendants such as Johns-Manville and 

UNR Industries as well as the search by piaintiff attorneys for other sources of compensation. 

In addition, significant expansion occurred around 1989 when defendant Owens Coming 

Fiberglas drew a large number of companies into the asbestos litigation via third-party 

actions [15]. Companies identified as defendants only during the past five years are 

generally companies with more limited asbestos exposures due to the encapsulation of asbestos 

in their products or their involvement only as a local distributor (e.g., local hardware stores). 

However, these companies and their insurers are stili facing potentiaily substantiaJ 

indemnification and defense costs. A further expansion of the defendant group may yet occur. 

However, due to uncertainty regarding the nature and extent of such expansion, we do not 

try to quantify an IBNRprovision associated with future identified defendants. It is not clear 

that such a provision is necessary because expansion of the defendant group would likely result 

in a reduction in the costs borne by the current defendant group. 
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Another itxxmme issue needing dkussion is the type of coverage undex which asbestos BI 

defendants are filing and the implications of limits under that coverage. Siuce the asbestos 

litigation explosion, insurets’ asbestos-related costs under workers’ compensation have been 

limited because employees have sued the marmfkturers and distributors of asbestos products 

rather than file workers’ compensation claims against employerx Asbestos BI claims have 

historicalIy been filed by defendants as products and completed operations claims under 

general liabiity policies. The majority of such policies include an aggregate limit applicable 

to products claims. As thousands of claims are allocated across an insured’s coverage block, 

the portion of the claims allocated to each policy accumulates to exhaust that policy’s 

aggregate iimit. Typically, courts have disallowed the theory that all mantktcmmg of asbestos 

products was a single occurmnce. Thus, in situations where no aggregate limit was included 

in the policy, the in.sur& liability is essentially tmlimited. 

In the mid-198Os, severai defendants and insurers formed the Asbestos Claims Facility (ACF) 

to deal with the enormous number of asbestos claims. Participaots in the ACF addressed the 

treatment of policies without aggregate limits, as well as other coverage issues, in the 

Wellington Agreement signed by insureds and insumrs. The Welhngton Agreement specified 

an aggregate knit as a multiple of the per cccummce limit, with the multiple varying with the 

magnitude of the per occurrence limit. Although the ACF was dissolved in 1988, the 

provisions of the Wellington Agree.ment remain [Ml. Thus, most products liability 

coverage is subject to aggregate limits for indemnity. 

A number of asbestos defendants owned subsidiaries that installed asbestos products as well 

as manufactured and/or distributed the products. As these defendants are exhausting their 
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products liabiity coverage, they are seeking premises and operations coverage for claims related 

to the installation subsidiary. Since general liability policies did not generally contain aggregate 

limits for premises and operations claims, sipikant additional coverage could be available to 

defendants if they are successful in obtainhg coverage on this basis. Also, the expansion of 

the defendant group to include property owners as discuwd in a later section, has resulted 

in additional premises and operations claim filings. 

3. Asbestos Diseases 

Life-threatening or disabling diseases can be caused by exposure to airborne asbestos, 

particularly at the high exposure levels in occupational settings during the first 70 years of this 

century. Diseases associated with asbestos exposure include mesothelioma, lung and other 

cancers such as gastrointestinaI, asbestosis, and pleural plaques. Mesothelioma has been 

strongly associated with asbestos exposure. Lung cancer and other cancers have been associated 

with asbestos exposure at occupational levels. Asbestosis has been observed mainly after high 

.” 

occupational exposure to asbestos [17]. 

According to the Journal of the National Cancer Institute, %sbestos is the only known risk 

factor for mesothehoma, a tumor of the membranes lining the chest or abdominal 

cavities”[l8]. It should be noted that cases of mesothelioma have been diagnosed in 

individuals without known asbestos exposure. However, if individuals can demonstrate 

exposure to asbestos, the courts appear to universally accept that mesothelioma was caused by 

such exposure. 
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The graph demonstrates the relationship between mesothelioma incidence rates and time since 

first exposure (i.e., the latency period). This helps explain why workers exposed in the 1950s 

and 1960s are just now f% claims and why, when incorporating exposures from the 197Os, 

claim reponings are expected to continue well into the next centuxy. 
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Epidemiological studies have demonstrated an increased risk of lung and other cancers among 

workers exposed to asbestos. For insulation workers with cumulative exposure of 250 fiber- 

yeas/ml, the risk of lung cancer is two to seven times the normal risk. Following a minimum 

latency period of 8 to 10 years, the relative risk (i.e., the risk for an asbestosexposed 

population versus an unexposed population) of developing lung cancer increases linearly until 

35 to 40 years past first exposure and then begins to decrease [27]. 

Another asbestos-related disease is asbestosis. Asbestosis is a fibrotic or scaning process within 

the lung tissue, potentially causing an Sanuuatory response and fluid collection resulting in 

various levels of disability from respiratory problems. Severe cases of asbestosis are generally 

associated with heavy occupational exposure such as that of insulators or shipyard workers. 

The relative incidence of asbestosis has declined in recent years although we are not aware of 

any evidence showing a similar decrease in asbestosis claim filings. 

The mildest of the asbestos related diseases is pleural plaques. Pleural plaques is a benign 

condition of the lungs which is generally not debilitating. However, pleural plaques is 

associated with asbestos exposure and claims are being filed by individuals with this condition. 

Plaintiffs with mesothelioma generally receive the highest indemnity payments, averaging 

several hundred thousand dollars (though some individual awards total several million dollars). 

While certain lung cancer plaintiffs without contributing factors such as smoking receive 

average indemnity payments comparable to mesothelioma, the overall average indemnity for 

lung cancer plaintiffs is approximately 50% of the average mesothelioma payment. Non-fatal 
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asbestosis plaintiffs receive payments averaging approximately 10% to 15% of mesothelioma 

payments[28]. 

4. Projection Considerations 

One thing is clear with regard to projecting ultimate asbestos liabilities: traditional loss 

development techniques which rely on historical accident year loss development to derive 

development factors cannot be used. Traditional methodology is inappropriate for asbestos 

loss development because: 1) historical asbestos loss development is not representative of 

expected future development, 2) asbestos Ioss development is not a function of the age of the 

accident or policy year, 3) d&eases caused by asbestos are latent for long periods of time, and 

4) asbestos claims are allocated over many years based on the courts’ decisions on occurrence 

of injury. 

Any loss development patterns used in projecting asbestos liabilities should reflect what is 

happening at the underlying insured level as well as the insurance or reinsurance company’s 

exposure. It will be shown in Section 5 that asbestos loss development for insurers and 

reinsurers does not relate to the age of the policy, but to factors such as the underlying claim 

allocation procedure and the attachment points and limits of the exposed policies. 

Any methodology for projecting an insurer’s or reinsurer’s potential liabilities for asbestos BI 

claims must reflect the following elements of company’s exposure: 
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= years and volume of general liability business underwritten, 

n use and wording of asbestos exclusions, 

. type of inweds underwritten, 

m layers of liability underwritten and retained, 

n use of aggregate limits, and 

m expense treatment in policies. 

Figure4isusefulindoingapAminary assessment of the level of an insurance or reinsurance m . . dr 
company’s potential asbestos BI liabilities. It gives several characteristics relating to the general 

liabity (GL) insurance book of business. For each characteristic there is a typical answer for 

low risk, medium risk, and high risk. Low risk means the insurer or reinsurer is not likely to 

have significant potential asbestos liability. High risk means the insurer or reinsurer is likely 

to have significant potential asbestos liability. This is not a comprehensive list of factors to 

consider. Obviously, the number of asbestos claims for insureds, average indemnity for 

insureds, and similar information are required before the potential liabiity for an insurer or z 

reinsurer can be quantified. 
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Figure 4 

GL Book of Business 
Characteristic 

Low Risk Medium Risk High Risk 

Policy Years 

Premium Volume 
(GL Market Share) 

Asbestos Exclusion 

Type of lnsureds 

1986 and subsequent 1976 - 1985 1975 and prior 

<0.5% 0.5%-l .5% 1.5% + 

Consistent use of Consistent use of Asbestosis ex- 
comprehensive ex- comprehensive ex- clusion and incon- 
elusion by early- elusion by late sistent applic. 
1970s 1970s until mid 1980s 

Small/Local Regional Fortune 1000 
Businesses Companies Manufacturing/ 

Construction 

Layers Written 

Aggregate Limits 

Expense Treatment 

very High ExCeSS 

f > $20 million) 

No Exceptions 

Indemnity Only 

High Excess 
(> $5 million) 

Few exceptions 

Expense included 
in limit 

Primary/Umbrella/ 
Low Excess 

Many Exceptions 

Expense in addition 
to limit 

Of course, these factors need to be considered in total, but insurers or reinsurers falling in the 

low risk category for all factors (unlikely, as small businesses purchasii coverage above $20 

million is rare) and limited claim activity to date are most likely not facing siicant liabilities 

Likewise, insurance or reinsurance companies consistently rated high risk should carefully 

review their potentially significant liabilities. 

To do a more detailed and rigorous analysis of an insurance or reinsurance company’s liability, 

a projection methodology must be selected based on its appropriateness for the line of business 

being reviewed. Given the unique characteristics of asbestos losses, such as development being 

unrelated to age of policy or accident year, a policy limits analysis is a strong candidate for a 
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methodology that can incorporate all of the necessary factors in an ultimate loss estimate. A 

policy limits analysis will be presented in the next section. 

5. Policy Limits Analysis 

Our model differs from most traditional actuarial loss development methods by explicitly 

quantiii the impact of each policy’s limits when estimating the insurance or reinsurance 

company’s liability. Patrik mentions the need for special consideration for certain long-tailed 

exposures such as asbestos [29]. 

In our model, ground-up losses for each insured are calculated using a frequency and severity 

approach. For each policy for each insured, the losses in the insurance layer are calculated 

based on the policy’s limits and the ground-up losses. Other actuarial projection methods, 

such as the incurred loss development method, are assumed to implicitly take into account 

the insured’s policy limits in the selection of loss development factors. 

Our approach is more appropriate for asbestos losses because of the extremely long latency of 

asbestos dkases and the allocation of an asbestos claim across several policy years. If a court 

ruled that an asbestos-related injury had been caused by exposure spanning 30 years, all 30 

years of insurance policies could be triggered. Typically over such a long period the 

defendant’s policy limits have grown. A primary policy written in 1948 may have been 

$50,000 while a primaty policy written in 1977 may have been $1 million. This change in 

limits needs to be reflected. 
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A policy limits analysis of a sample group of defendant companies can be supplemented with 

individual case estimate-s for defendants with unusual exposures to provide an assessment for 

all known asbestos defendants. Unusual expures could be policies without aggregate limits 

or those with significant outstanding coverage issue-s. 

In the remainder of this section, we discuss our asbestos BI model, fi-om the initial stages 

involving the sample group det emination to extrapolation of the model results. The steps of 

the policy limit analysis and their general categories are as follows: 

-ermine the sample PTOUD and collect &Q 

1) determine the desired group of insured defendants to be included in the detailed 

analysis, 

2) collect information on each defendant’s claim experience and the company’s exposure 

to the defendant’s asbestos claims, and 

3) reevaluate which insureds to include in the sample group based on the compiled 

information. 

4) adjust the sample group’s policy information to restate it on a ground-up basis. 
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III. Use the model to estimate insurance or reinsurance comoanv’s liabilities for samole erou~ 

5) project future aggregate ground-up costs for each sample group defendant, 

6) allocate the aggregate ground-up costs to years within the defendant’s coverage b1c-A. 

7) determine the amount of the ground-up loss and expense in each year falling in the 

layers of coverage provided by the insurer or reinsurer, and 

8) sum the hses in the imurance layer across all sample group defendants. 

IV. Conduct sensitivitv restinP of the model’s oarameters and make adiustments 

9) test aitemative scenarios regarding future claim activity and alternate claim allocation 

procedures, 

10) develop a range of outcomes for the sample group based on the sensitivity analysis, 

and 

11) consider the limitations of the model and make adjustments if necessary. 

y. Extraoolate model results from samde group to all insureds 

12) use the modei results to develop assumptions applicable to the remainkg group of 

insured defendants, and 

13) incorporate individual case estimates for unusual exposures. 

In the following sections, we discuss each of these steps. 
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Determine the Sample Group and Collect Data 

The use of a sample group in estimating liabilities for a large group of insureds is sometimes 

desirable. For large insurers or reinsurers, it may not be feasible to model the future claim 

activity for all insured asbestos defendants. For these companies, the number of insureds who 

may have filed precautionary notices related to potential asbestos claim activity could easily 

total five hundred or one thousand insureds. Information may be limited on certain 

defendants, including a large number of defendants whose exposure to asbestos claims is small, 

due to a small market share or the use of encapsulated asbestos only. The sample group must 

be representative of the total exposures of the company so that an extrapolation of the model 

results to the remainmg exposures can be done. 

To facilitate selection of a sample group and extrapolation of model results for insurance and 

reimurance companies, we categorized all potential defendants in the asbestos universe into 

five tiers. Each tier rating is based upon the nature and extent of potential asbestos liabiities 

of the defendant. Thus, the fn-st step in detenmning the appropriate sample group for an 

insurer or reinsurer is to apply the tier rating to each of the insureds. 

The firsr tier includes defendants who have been involved in asbesros litigation since its 

inception and who were the primary manufacturers or suppliers of asbestos products 

throughout North America. Each defendant in this category is estimated to face ultimate 

aggregate liabilities of $1 billion or more. Considering that fewer than 20 companies fall into 

this category and the required information on these defendants is generally available through 
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the claim department and/or public sources, ail of these defendants should be reviewed for 

indusion in the sample group for detailed model analysis. 

Our second tier indudes defendants who have also been involved in asbestos litigation almost 

since inception, but due to lower market shares or more limited-use products, their estimated 

ultimate liabilities are in the $100 million to $1 billion range. The distinction between Tiers 

1 and 2 is subject to some judgment depending on the projection assumptions. Based on our 

current estimates, there are approximately 50 Tier 2 defendants. A majority of a company’s 

exposure to Tier 2 defendants should also be included in the sample group. 

The third and fourth tiers are comprised of the remaining hundreds of non-railroad defendants 

that have been enjoined as third party defendants brought into the asbestos litigation as Tier 

1 and Tier 2 defendants have filed for bankruptcy protection. Tier 3 includes those 

defendants whose exposure relates to encapsulated and similar low exposure asbestos products 

and local or regional distributors of asbestos products. As such, many Tier 3 defendants face 

substantial numbers of claims, high defense costs, and relatively low indemnity payments. In 

total, their potential liabilities are significa.nt though well below the Tier 2 level. There are 

also a large number of Tier 3 defendants facing very small liabilities, e.g., in situations where 

exposure to a company’s products will be difficult to establish by plaintiffs. 

Tier 4 defendants m those who never manufactured or distributed asbestos products, but 

rather otvncd or operated property where asbestos products were used. A Tier 4 defendant’s 

liability is thus related to contractors or third parties, other than employees, who were 

I 
. 
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exposed to asbestos on the defendant’s premises. An example of a Tier 4 defendant would 

be a utility or oil company. 

The sample group should contain Tier 3 and 4 defendants for which the nwssary claim 

statistics are available. In selecting the defendants from these tiers, policies providing coverage 

in various layers representing the type of coverage provided to insumds in Tiers 3 and 4 should 

be included. 

Tier 5 has been reserved for railroads facing liabilities from exposed workers under FELA. 

Many railroads have reached settlement agreements with their insurers related to asbestos 

claims. Also, the involvement of attorneys and unions in identifying exposed workers and 

facilitating claim filings implies a much faster reporting of claims for railroads than for other 

types of defendants. To the extent that an insurance company has exposure to railroads not 

subject to a settlement agreement, a sampling of the railroad insureds should be included in 

the model analysis. 

The goal of the sample group is to be representative of the insurer’s or reinsurer’s total 

exposure to asbestos liability from its inmreds known to have asbestos exposure. If a defendant 

has an unusual exposure, such a coverage dispute, which is not representative of the other 

insureds in the tier, a separate analysis or adjustments to the defendant’s policies may be 

necessary. 
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Once the sample group has been selected, data for each defendant in the sample group must 

be collected for input into the asbestos BI model. The foliowing data elements should be 

compiled for each defendant: 

1) number of claims filed, disposed and pending, 

2) cumulative paid and reported indemnity, 

3) expense-toindemnity ratio, 

4) dates of coverage block, I 

5) details of aii products liability coverage provided by the insurer or reinsurer within the 

cove-rage block including - 

a) policy term, 

b) attachment point relative to the first dollar of loss, 

c) aggregate limit of liabiity, 

d) participation percentage or percentage share in the layer of liability, 

e) expense treatment under the policy, -b 

f) asbestos exdusions, 

g) erosion of limits by non-asbestos products claims, and 

h) (for reinsurers only) ceding company’s policy information, i.e., @a)-(5g) for the 

ceding company’s policy. 

6) details of negotiated settkment agreements, and 

7) details of pending coverage disputes. 

Note that these data do not completely describe every aspect of ali insurance policies in the 

sample group. This is particularly true for reinsmance poiicies. However, the data collected 
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does allow for a good estimate of the insurance or reinsurance company’s asbestos exposure 

from each policy in the sample group. 

The claim counts, indemnity payments, and expense ratio information are required at the 

defendant level in order to project the defendant’s ground-up aggregate liabiities. Details 

regarding negotiated settlement agreements and pending coverage disputes are useful in 

determining whether an insured defendant should be included in the sample group (with or 

without adjustments to retlect uncertainty presented by pending coverage disputes) or if case 

reserves established by the claim department reflecting agreements/disputes should be relied 

upon instead. 

Several potential sources for the required data exist, including: the &aims department of the 

insurance company, annual reports of the various dekndants, insurance company attorneys, 

and court documents. While some of the required data is relatively easy to obtain, certain 

information is difficult to get directly. Data for some potential candidates may not be available 

at all. It may be necessary to estimate missing information and test the sensitivity of the model 

results to ahemative assumptions, or leave some insureds out of the sample group entirely. 

Ultimately, the decision to include each insured needs to be based on whether inclusion of 

that insured will help make the sample group representative and whether there is enough data 

on that insured for use in the model. 

The policy information (attachment point, company’s percentage share in the layer, and 

aggregate limit of liability) on a first dollar of loss @round-up) basis may be difficult to collect. 

This data should be readily available from the policy files for primary companies. For excess 
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writers and reinsurers, however, this infon-nation can be particularly difficult to obtain. For 

assumed re.insurance business, additional information is required on the ceding company’s 

policies in order to identify the ground-up loss required to penetrate the reinsurer’s layer. In 

other words, we need to restate the reimur& limit, percentage share, and attachment point 

relative to the fim dollar of loss in order to determine when the policy is expected to be hit 

by the aggregate asbestos claims generated by the model. 

Adjust the Sample Group Data 

To effectively reflect the insurer’s or reinsurer’s exposure to asbestos loss on a policy, the 

policy information must be stated on a first dollar of loss, or ground-up, basis. This is 

necv for the stated attachme-nt point, percentage share, and policy limit. A fn-st dollar 

policy does not require adjustment. For a direct excess policy, it may only be necessary to 

adjust the attachment point by adding the underlying primary limit to the stated attachment 

point. For an assumed re.insurance policy, especially treaty reksurance, all three parameters 

might require a restatement to a first dollar of loss basis. Facuhative reinsurance policy 

information may already be stated on a first dollar of loss basis for stated policy limit and 

participation share, thereby requiring only an attachment point adjustment similar to that 

mentioned for direct excess policies. 

We examine the restatement of the three policy parameters first when the ceding company 

policy information is known, and then when it is unknown, To illustrate the adjustments 

necessary for reinsurance policies, we examine some policies of a reinsurer, ABC Re, with 

ceding insurer XYZ which wrote policies for insureds, Company 1 and Company 2. 
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If the cedent’s policy information is known, then an adjustment such as the one in Exhibit 

1 needs to be made. In Exhibit 1, there are three sets of policy information: cedent XYZ’s 

direct policy information in columns (3) - (5), ABC Re’s stated minsmance policy information 

in columns (6) - (S), and the calculated ground-up minsmance policy information for ABC 

BE in CO~UUUIS (9) - (11). Columns (3), (6), and (9) am the percentage shares. Cohtmns (4), 

(7), and (10) are the attachment points. Columns (5), (8), and (11) are the policy limits. 

Expenses are ignored in Exhibit 1 for simplicity. 

Definitions of the three restated policy parameters in the context of this paper are in order. 

All three are adjusted minsmance policy parameters which express the ground-up exposure to 

loss for the reinsurer. The restated reinswmce pexcentage. share is the amount that, when 

multiplied by the restated reinsurance policy limit, equals the reinsurer’s maximum dollar share 

of the ground-up losses. The restated reinsurance attachment point equak the amount of 

ground-up losses which must be incurred before the reinsurance layer is penetrated. The 

restated rehuranm limit is the amount that, when added to the restated reinsumnce 

attachment point, equals the amount of ground-up losses necessary to exhaust the remsurance 

policy. 

Exhibit 2 graphically ihstrates the need to make the adjustment to ABC Re’s policies shown 

in Exhibit 1. Note that for some policies, the t6n.sure.r has no exposure to IW, even though 

the ceding company does. Again, expenses have been ignored in this example for simplicity. 

The calculation of the restated reinsurance percentage share in Column (9) is straightforward. 

Ignoring expenses and extracontmctual situations, the ceding company is limited to the 
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percentage share stated in the policy. ABC Re’s percentage share is a portion of the cedent’s 

share of the insurance layer. Hence the restated percentage share relative to first dollar of loss 

must be the product of the two percentages, or Column (3) x Column (6). 

The restated reinsurance attachment point in Column (10) follows similar logic. The ceding 

company’s layer of liability begins at the attachment point in the primary policy. In order for 

the cedent to incur any losses, the ground-up losses must be greater than the attachment 

point in the ceding company’s policy. Likewise, ABC Re’s layer of liability begins at the 

attachment point on the reinsurance policy. Only when the cedent’s losses have reached the 

reinsurance attachment point will ABC Re?s layer be penetrated. If the cede&s percentage 

share was lOO%, ABC Re’s layer could only be penetrated if the ground-up losses exceeded 

the sum of the two attachment points. However, in cases where the cedent’s percentage share 

is less than lOO%, the reinsurance attachment point must be divided by the primary policy 

percentage share and then added to the primary attachment point to calculate the restated 

ground-up attachment point, or ([(7)/(3)] + (4)). The division by the primaty percentage share 

is requkd because for every dollar of loss incurred by the cedent, the insured must have 

incurred the reciprocal of the primary percentage share. 

The logic for restated ground-up attachment point and percentage share must be kept in mind 

to determine the appropriate calculation for the restated reinsurance limit in Column (11). We 

look at the interaction of the direct policy with the reinsurance policy to understand the 

calculation. The formula for Column (11) is comprised of two upper constraints, a lower 

constraint, and an adjustment for the direct policy’s percentage share. 
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First, we examine the intuitive upper constraint of Column (11)‘s f0nmda. Ignoring expenses 

and again assuming the cede&s percentage share is 1 DO%, the maximum restated reinsurance 

hit relative to fmt dollar of loss equals the rehurance limit, or Column (8). Note that this 

is just the limit of the reinsurance policy; the maximum dollar share of the reinsumnce layer 

would be the reinsurance limit times the reinsurance percentage share. Here we are just 

concerned with the calculation of the limit. If the ceding company participation share is less 

than lOO%, then this maximum for the restated limit needs to be divided by the cedent’s 

participation share, or (S)/(3), for the same reason this adjustment was made in calculating the 

restated attachment point. 

The second upper constraint for the restated r&xxmnce hit is the rnaximur~ imposed by 

the ceding company’s dollar share of the layer (i.e., cedent’s percentage share times cede-m’s 

limit, or ((3)x(5)) less the cedent’s retention (i.e., the reinsurer’s unadjusted attachment point, 

or Column (7)), all divided by the cedent’s percentage share, or Column (3). Once the 

reinsurance attachment point is exhausted and the reimurance layer has been penetrated, every 

dollar which consumes the reinsurance limit is due to ground-up losses equal to the reciprocal 

of the cedent’s percentage share, or $143). Stated another way, the restated reinsurance limit 

cannot exceed the cedent’s limit minus the quantity of the reinsurance attachment point 

divided by the ceder-n’s percentage share, ((5) -[(7)/(3)]), equal to the second upper constraint. 

Remember, in cahlating the restated reinsurance limit, we are trying to determine the 

amount of ground-up dollars that, when added to the restated reinsmance attachment point, 

will exhaust the reinsurance policy limits. 
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By inchrding a lower constraint, we complete the formula for the restated reinsurance knit 

in Column (11). The lower co nstraint of the formula is zero; the restated reinsurauce limit 

cannot be negative. Combii all the pieces of the restated mimurance limit, we now have 

the formula used to derive Column (ll), MAX [ 0, MIN ((g)/(3),(5)-((7)/(3))] 1. Thus, ifwe 

know the cede&s policy information, we may adjust the reinnuance policy information to 

restate it on a first dollar of loss basis. 

The two upper constraints dkussed above contribute to what we refer to as “underlap.” 

That is, the interaction of the cedent’s policy terms with the reiusurer’s policy terms may .r 
1 

reduce the reinsurer’s stated exposure. Exhibit 1 shows the calculation of the underlap for 

each of the policies presented and the underlap factor of 54.5% calculated in total for all 

policies related to Insureds 1 and 2. 

If the ceding company’s policy parameters are unknown, an estimation of the adjustment to 

the reinsurer’s percentage share, limit, and attachment point must be made. Note that if the 

cedent’s information is unknown, it is difhcult to tell whether the reinsurance policy 

information is stated on a fust dollar basis or not. Nonetheless, estimation of the policy 

parameters is necessary and requires a representative group of reinsurance policies for which 

the ceding policy information is known. Given the ceder&s policy information and the 

reinsurance policy information, the restated reinsurance policy parameters for the 

representative group of policies are calculated using the methodology dkcussed above and 

shown in Exhibit 1. The relationships between each unadjusted reimurance policy parameter 

and its restated reinsurance policy parameter are then determined for this group of policies. 
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For each of the three nksurance parameters, a relationship between the unadjusted and 

adjusted parameter needs to determined. In our studies of representative sets of unadjusted 

and adjusted reinsurance policy parameters, we have found that the unadjusted reinsurance 

percentage share and the adjusted r eksurance percentage share have a Linear relationship with 

a relatively high goodness-of-fit. Siiy, the relationship between the unadjusted limit and 

restated limit parameters is linear with a high goodness-of-fit. Unfortunately, a simple 

regression on the unadjusted attachment point and the restated attachment point yields a poor 

fit. 

In one situation, we found that by separating the attachment point data into two segments, 

one with all sets of attachment points whose unadjusted reimurance attachment point is $5 

million or less and another with all sets whose unadjusted minsmance attachment point is 

greater than $5 milLion, a much better fit is achieved. For the group with attachment points 

above $5 million, the best predictor of the restated attachment point was the unadjusted 

attachment point plus $1 million. For the group of policies with an unadjusted attachment 

point of less than $5 million, a distribution of additive amounts was required to estimate the 

adjusted attachment point. 

We surmised that this discrepancy between the relationship for attachment points and the 

relationships for the other two parameters was due to a difference in reinsurance purchased 

by attachment point. Generally, facultative trimmance is purchased with a higher ceding 

company retention, while treaty reinsurance is purchased with a lower ceding company 

retention. Facultative reinsurance is more likely to have its percentage share and policy limit 

stated on a first dollar of loss basis, needing only the addition of the underlying primary limit 
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to its attachment point. On the other hand, treaty rehurauce policy parameters are not 

stated on a first dollar of loss basis. Furthem~ore, treaty reinsurance is written on portfolios 

of ceding company business with widely ranging attachment points. The combination of these. 

factors causes relationships between unadjusted and adjusted attachment points to vary. 

This estimation procedure is only to be used if policy infomtion is unknown. Ideally, the 

ceding company policy information would be known. However, the e&mated restated 

percentage share, attachment point, and limit are a more accurate reflection of the policy on 

a first dollar of loss basis than are the unadjusted policy parameters. Once the predictive 

relationships for calculating the restated policy information are determined in the 

representative group of policies, results are applied to the reinsurance policies for which the 

udedying primary policy information is unknown. For each policy of each insured in the 

selected sample group, a restated percentage share, limit, and attachment point is predicted 

based upon the unadjusted reiusurauce information and the three relationships detcrmined in 

the representative group. 

Once the ground-up policy information for each of the defendants’ products liability policies 

has been determined and other required information is obtained, the data preparation for the 

sample group is complete and the model can be used. 

Use the Model to Estimate the Insurance or Reinsurance Company’s Liability for the 

Sample Group 
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The asbestos BI model presented in this paper uses a frequency and seventy approach to 

calculate ground-up losses and applies a policy Emits analysis to the ground-up losses. It 

calculates an estimate of an insurance or reinsurance company’s asbestos liability for a sample 

group of representative underlying insureds. This sample can later be used to estimate the total 

asbestos liability for the insurer or reinsurer. Whether we are analyzing liabilities for an insurer 

or a reinsurer, the underlying insurech are the manufacturers, installers, and distributors of 

asbestos products, and not the reinsured insurance companies. For simplicity of presentation, 

reinsum ABC lb. will be uxd in this section of the paper to demonstrate the model for both 

inswauce and reinsurauce companies. 

For each underlying insured in ABC Be’s selected sample group, the model projects by 

calendar year ground-up reported claim counts, ground-up average severity, and thus ground- 

up aggregate indemnity costs. Expenses are then loaded based on historical expense-to 

indemnity ratios of the particuIar insured. The projected costs are spread over the policy years 

in the insured’s coverage block. Having projected ground-up indemnity and expense costs 

for each calendar year by policy year, the model can then carve out ABC Be’s liability from 

the ground-up costs for each policy of each insured in the sample group. Summing ABC Be’s 

liability for aU insureds gives ABC Be’s estimated liability for the entire sample group. 

Exhibit 3 presents a partial list of ABC Be’s insureds with a known potential for asbestos loss. 

Insureds 1-15 are included in sample group; the remaining insureds are not. Exhibits 4-9 

demonstrate the use of the asbestos BI model to calculate ABC Be’s estimated asbestos liability 

for one insured company in the sample group, Insured 3. Exhibit 4 presents the required 

model policy input assumptions for Insured 3; Exhibit 5 presents the required model claim 
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input assumptions for Insured 3. Exhibits 5.1 - 9.1 show the baseline scenario with selected 

severity trend of 5% and 15 year coverage block. Exhibits 5.2 - 9.2 have 0% and 15 years 

selected. Exhibits 5.3 - 9.3 have 5% and 25 years selected. Exhibits 5.4 - 9.4 have 0% and 

25 years selected. Exhibit 10 shows the agrcgate results of alJ insured defendants in ABC Re’s 

sample group. ABC Re’s percentage shares, limits, and attachment points for Lusured 3, 

presented in Exhibits 4-8, have already been restated on a firsr dollar of loss bask 

The fmt step of the asbestos model is to calculate the future aggregate ground-up’ indemnity 

and expense costs for each sample insured. For ABC Re’s Insured 3, this is done in Exhibit 5. 

Several inputs are necessary to estimate the future aggregate indemnity and expense costs: a _ 

claim count reporting pattern, an average severity, a seventy trend, and future expense-to- 

indemnity ratios. 

I First, a claim count reporting pattern must be calculated for the insured companies in ABC 

k’s sample group to be used as input in Exhibit 5. This pattern is not ABC Ws claim 

reporting pattern but rather that of the underlying insureds. The selected pattern for 

Insured 3 is shown in Exhibits 5.1- 5.4. Actual calculation of the reporting pattern is beyond 

the scope of this paper. 

Ideally, the necessary claim count reporting pattern is derived from claim count projeaions 

developed by researchers expert in both the asbestosexposed population and the mathematical 

models which tie claim incidences to such factors as exposure levels and latency period. Such 

studies are available through baukruptcy courts, who have overseen the formation of liability 

trust funds for companies undergoing restructming, and in academic literature. Judgmental 
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exuapolation of historical claim reporting pattems can akmatively be made, ptitily if a 

shorter time horizon, such as ten years, rather than an ultimate run-off is selected for the 

review. If sufficient infonuation is available, claim count patterns by tier should be calculated. 

However, this may be di&icult particulady due to the limited available research on Tier 3 and 

Tie-r 4 companies. 

The second required input on Exhibit 5 is a selected average severity. Dividing total 

indemnity paid by total closed claims gives a historical paid severity. Dividing indemnity paid 

in each recent year by its related number of closed claims gives a starting point for the 

selection of an average. reported indemnity to be used for the projection of future costs. The 

most recent year’s average reported severity should also be examined before making the 

selection. 

The third inpur for Exhibit 5 is a selected severity treud. A 5% severity trend is chosen for 

Insured 3. Exhibits 5.1 - 10.1, and Exhibits 5.3 - 10.3 use this assumption. To show the 

impact of diffkrent severity trend selections, Exhibits 5.2 - 10.2 and Exhibits 5.4 - 10.4 use 

a 0% inflation rate. 

The severity trend can be based on a review of historical average claim amounts, but should 

also consider expected future changes. For example, Tier 3 insure& may be expected to 

experience greater severity trends and consequently a larger share of the total cost, due to the 

bankruptcy of Tier 1 and 2 insureds and the impact of courts imposing joint-and-scvexal 

liability. Changes in the mix of claims by disease type could also affa future trends. A 

decrease in severe asbestosis cases coupled with an in- in claims filed for pleural plaques 
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would be expected to reduce future claim trends as plaintiffs with pleural plaques may receive 

little or no compensation. Given these potential impacts on future average severities, 

alternative claim trend assumptions should be tested to derive a range of estimated liabilities. 

The fourth input required for Exhibit 5 is the selected expense-to-indemnity ratio for each 

calendar year. A 50% expense-t&rnkmnity ratio is selected for Insured 3 as shown on 

Exhibits 5.1 - 5.4 for all future calendar years. 

The expense-t&ndemnity ratio for each insured in the sample should be based on several 

factors. The historical expense-to-indemnity ratio for the particular insured is a good starting 

point. However, other factors must also be considered. The existence of legal precedents for 

many once hotly debated legal issues relating to asbestos personal injury liability suggests a 

dechning trend in defense costs. The likelihood of out of court settlements must also be 

considered. A systematic approach by the underlying insured defendant to settlement of 

asbestos mes, such as a CCR or Johns-Manville matrix of specific dollar rauges for each 

disease, would suggest that more cases would settle than go to court, lowering d&use costs. 

However, a Tier 3 or Tier 4 company increasingly being named in suits might start aggressively 

defending suits, thus raisii defense costs. Each underlying insured must be examined carefully 

to determine reasonable expense-toindemnity ratios for each projected calendar year. 

Fortunately, the model’s flexibility allows different ratios by insured by calendar year. 

The second step of the model is to allocate the projected aggregate ground-up indemuity and 

expense costs t.o policy years within the insured’s coverage block. If an insured’s actual 

coverage block is known, it should be used. Exhibit 6 presents the projected calendar year 
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ground-up indemnity costs from Exhibit 5 spread across Insured 3% coverage block. Exhibit 

7 differs Tom Exhibit 6 by including both indemnity and expense costs, calculated by applying 

the selected expense-tuindemuity ratios from Exhibit 5. Insured 3’s coverage block is 1960 

through 1974. There is a chance that Insured 3 will pursue a covetuge block of 1960-1984 

to get more insurance coverage. Exhibits 6.1 - 10.1 and Exhibits 6.2 - 10.2 use the 15 year 

coverage block. To demonstrate the impact of a different coverage block selection, Exhibits 

6.3 - 10.3 and Exhibits 6.4 - 10.4 use a coverage block selection of 25 years, 1960 through 

1984. 

An insured’s actual procedum for allocating costs to years within its coverage block should be 

wed ifknown; otherwise the allocation should be based on a logical procedure. One possible 

allocation method is to weight each year within the block by the total limits of ah insurance 

policies with all iosurers during the coverage block years. However, because the limits from 

all of the insured’s policies may be difKcuh to ascertain, some subjective weighting to all years 

in the coverage block may have to suflke. Another possible approach is to give larger weights 

for more recent years in the insumd’s coverage block to reflect the general increase in insurauce 

limits purchased over time. A third alternative is to weight each year in the coverage block 

equally. For simplicity, each year in Insured 3’s coverage block receives equal weightiug in 

Exhibits 6 and 7. 

The third step in the model is to calculate for each policy year the ground-up indemnity and 

expense dollars which fall into the insurance or rcinsurance company’s layers of coverage. ABC 

Re’s liabihy for Inwed 3 is calculated by carving out Insured 3’s projected ground-up 

indemnity and expense dollars that hit ABC Re’s layers of insurance as shown in Exhibit 8. 
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ABC Re’s 1958 policy for Insured 3 is not included because policy year 1958 is outside 

Insured 3’s coverage block, 1960 through 1974 for Exhibits 8.1 and 8.2, and 1960 through 

1984 for Exhibits 8.3 and 8.4. As long as 1958 is outside Insured 3’s coverage block, ABC 

Be’s 1958 policy with Insured 3 is not exposed to potential asbestos losses. Seven ABC Bc 

policies are within Insured 3’s coverage block (both the 15 and 25 years). For simplicity of 

presentation, each of the policies in the example are in distinct policy years. If ABC Be had 

multiple layers of insurance coverage for Insured 3 in the same policy year, a simple 

adjustment to Exhibit 8 could be made: each policy’s appropriate layer would be carved out 

of the total indemnity and expense costs allocated to that particular policy year. 

To demonstrate the effects of different expense treatments on policies, Exhibit 8 shows each 

of the three most common expense treatments: indemnity only, expenses included in the 

limit, and pro-rata expenses in addition to Jimits. The attachment point, percentage share in 

the layer, and total limit of liability also vary in these seven policies to show the effects of 

each. Typically, for a given layer of insumnce for a particular company, the expense treatment 

would be more consistent; expense treatment is varied here for illustrative purposes only. The 

determination of whether loss and expense hit a layer can be calculated in two ways for 

policies with expenses included in the limit: either add expenses before applying attachment 

point or add expenses once indemnity is in the layer. Both ways should be tested in the real 

world because the lower layer policies’ expense treatment determines the appropriate method. 

The projected loss and expense in ABC Be’s layers shown on Exhibits 8.1 - 8.4 are calculated 

by carving out the appropriate ground-up loss and expense from Exhibits 5, 6, and 7. The 

method of carving out the loss and expense varies based on whether the policy for which the 
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liability is being calculated has expense tnwmcnt of indemnity only, expenses induded in the 

limit, or expenses in addition to the limit @ro rata). For ail three types of pokicts, the 

general methodology to calculate Exhibit 8’s cumulative reported liability in the layer is: the 

prior calendar year’s liability in the layer for the policy year (the number to its left 

on Exhibit 8) added to the incremental increase in indemnity and expense (where appropriate), 

takiug into accounf attachment point, limit, and percentage share. To illusttate this, the 

calculation ofExhibit 8.1 calendar ycar2003’s numbers for policy years 1971,1969, and 1968 

will be shown. 

The 1971 policy is an indannity only policy with a projected reported habiity of 

$1,629 ($ in 000’s). The $l,629equals $1,455 from the priorc&mtar year added to $174. 

The $174 is 100% (the policy percentage share in 1971) times ($3,629 - $3,455), the 

incremen~I increase in indemnity shown on Exhibit 6.1. Development on this policy year 

continues until calendar year 2006 when the policy is projected to exhaust its 100% share of 

the $2 million limit. 

The 1969 policy is an ultimate net loss, or expenses included in the limit, policy. As the 

footnote on Exhibit 8.1 indicates, the process of calculating when losses and expenses hit this 

layer varies depending on underlying policies. For all policies of this type in Exhibit 8.1, 

expenses are added to indemnity before applying the attachment point and limits. The $1,944 

for policy year 1969 as of calendar year 2003 equals $1,683 from the prior cakndar year plus 

$261. $261 is calculated as 100% (1969 policy’s percentage share) times ($5,444 - $5,183), 

the incrememal indemnity and expense during calendar year 2003 from Exhibit 7.1. Note 

that the 1969 policy is penetrated much earlier than the 1968 policy, one that is identical to 
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the 1969 policy except for its expense treatment. Also note that the 1969 policy’s ultimate 

liability is $4,000,(000), equaling 100% of $4 million. 

The 1968 policy is a pro rata policy. In calendar year 2003 its reported liability is $194. 

Because this is the fmt caleudar year in which the policy is penetrated, the calculation needs 

to rake into accounf the attachment point of the policy. Therefore the calculation is $0 added 

to 100% times ($5,444 - %5,183), incremental indemnity and expense during calendar year 

2003 from Exhibit 7.1, times ($3,629 - $3,500)/($3,629 - $3,455), the portion of indemnity 

that penetrated the 1968 policy layer of $4 million excess $3.5 m&on. These indemnity 

amounts come from Exhibit 6.1. Note that ultimately its liability is $5,163, greater than the 

1969 liability of $4,000, because expenses are in addition to the limit on the 1968 pro rata 

policy. Furthermore, the 1970 policy is identical to the 1968 policy except that its percentage 

share is 25 percent. At every calendar year, the 1970 policy’s reported liability is 25 percent 

of the 1968 policy’s liability. 

Contrasting the development of ground-up costs in Exhibits 6.1 and 7.1 with the 

development of costs in the insurance layers in Exhibit 8.1 provides much insight. As 

expected, Insured 3 has projected reported ground-up losses (in Exhibits 6.1 and 7.1) several 

years before ABC Be has reported losses in its layer. However ABC Be’s loss reporting pattern 

is not necessarily faster or slower than Insured 3’s. In Exhibit 9.1, ABC Be’s pattern is 

ultimately faster because Insured 3 will exhaust some or ail of ABC Be’s retained layers and 

yet will continue to incur losses for several years. This is due primarily to ABC Be’s 

attachment points (its ground-up attachment points are low relative to the total amount of 

ground-up losses) and the size of ABC Be’s limits (its ground-up limits are smali relative to 
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total ground-up losses). Exhibit 9.2 demonsuates the reverse. If ABC &T’S hyers attached at 

a very high point relative to the total amount of ground-up losses, as is the case for some 

underlying sample insureds in Exhibit 3, ABC R&s pattern might b-e slower than the 

underlying insureds and policies might incur little or no loss, as seen in Exhibit 10. This 

relationship between attachment point, limit, and asbestos loss development is a point to be 

considered by both the underlying insure& and insuws in evaluating asbestos insurance 

coverage issues. 

The comparison of the development of costs across policies in Exhibit 8.1 provides further 

insiit. As would be expected, reported development is a function of the nqnitude of the 

attachment point and total limits, while total liability is a function of the percentage share and 

total Limits of the layer. Each of the policy years for Insured 3 were allocated the same ground- 

up cost. However, the different expense treatment in the 1965 and 1967 reinsurance policies 

(see Exhibit 8.1) causes the 1967 policy year to report over 200% more liability than the 1965 

policy year in calendar year 2000. Furthermore, the 1965 policy year has $0.6 million more 

reported liability in calendar year 2000 than does the 1968 policy year, even though the 1968 

policy has a larger total limit and the policies have the same expense treatment; this is because 

the higher attachment point on the 1968 policy causes less of the total ground-up indemnity 

and expenses to hit the layer in that year. 

A comparison of the 1968 and 1970 policies in Exhibit 8.1 illustrates the effect of the 

percentage share. Each has the same attachment point and the same total limit, but the 

insurer’s participation in 1968 was 100% while in 1970 it was 25%. Thus, for every dollar that 
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penetrates these layers of $4.0 million excess $3.5 million, $1 hits the 1968 policy and only 

%.25 hits the 1970 policy. 

The most important point ilhutrated on Exhibit 8.1 is that development for asbestos losses 

is not a function of the age of the accident or policy year. The least mature policy for ABC 

lk for Insured 3 is 1971. The 1971 policy year develops to ultimate faster than all but one 

other policy year, 1967. This pattern of development is not unusual because of the long 

latency of asbestos-related dkases and the allocation to policy year. Therefore, historical 

asbestos accident or policy year loss development is not representative of future development. 

- .- ni 

Exhibit 9 gives a comparison of Insured 3’s allocation of costs on a ground-up basis versus 

ABC Be’s liabiity in the layer. Exhibit 9 demonstcxes the differences in development for 

policy year 1968 and acmss all policy years in the coverage block, both in dollars and as a 

percentage of ultimate. 

The fourth step of the asbestos BI model is to sum the losses in the insurance layers across all 

sample group defendants. The steps Performed in Exhibits 5 through 8 for Insured 3 under 

the four scenarios are repeated for ail other insure& in ABC Be’s sample group. The sum of 

these calculations for ail insureds in the sample group is shown on Exhibit 10. The totals 

from Exhibit 10 represent the estimate of ABC Be’s liability under the various xxnarios for 

the sample group. 

$ 

ABC Fk’s loss reporting pattern for each insured and for the entire sample group can be 

derived from Exhibit 10. The sum of the asbestos liabilities for ali companies in the sample 
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group gives au over-ah loss reporting pattern for ABC Re. If enough companies from each tier 

are included in the sample group to give credible results by tier, ABC Re’s reporting pattern 

by tier can also be calculated from Exhibit 10. Using ABC ‘k’s estimated reported losses in 

the insurance layers for each calendar year, overall loss development factors for ABC Re can 

be calculated. 

Conduct Sensitivity Testing of Model 

Due to the inherent uncertainty in the asbestos litigation, different scenarios should be 

examined to: 1) test the model’s sensitivity to certain parameters or estimates, and 2) compute 

a range of estimates of liability for the sample group. The two parameters in the model with 

the most uucertainty are the future severity uend and the iusweds’ coverage blocks. 

Therefore, variations in the assumptions for both of these should be examined, as was done 

with the four sceuarios included in Exhibits 5 - 10. Other parameters, such as the projected 

expense-to-indemnity ratio should be considered to determine if sensitivity testing is newsary. 

Exhibit 10 also shows ABC Re’s aggregate exposure to each undedying insured iu the sample 

group. Given an aggregate exposure for each insured and ABC Re’s estimated ultimate loss for 

each insured, a projected percentage of exposure eroded by claims for each insured can be 

calculated as well as subtotaled by tier. This can be helpful in extrapolating the model results 

to ah of ABC Re’s underlying insumds. 

Using the resulrs of the difkent scenarios, a range of estimates can be derived for the sample 

group’s liability. Weights applied to each scenario should be based on the projected likelihood 
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of the scenario. Exhibit 11 calculates the average ABC Re asbestos liability for its sample 

group insureds using the results from Exhibits 10.1 - 10.4. The size of the indicated range 

in Exhibit 11, about $50 million, is large both on a percentage and a dollar bask. However, 

note that approximately $20 million of the range comes solely from the se&ion of the 

severity trend. This emphasizes the need to do sensitivity testing when working with 

projections so far into the future. We have shown a selected range based on averages of the 

two 25 year coverage block projections and the two 15 year coverage block projections. Thus, 

we are averaging the 0% and 5% severity trend indications. Note that this gives a different I 
. 

indication then simply selecting a 2.5% severity trend assumption due to the interaction of the H 

ground-up losses and the policy layers. 

Our overall selected estimate is based on a 75%/25% weighting of the 15-year and 25-year 

coverage blcck indications. The 25% weight to the 25-year coverage block reflects the 

assumed likelihood of the insured? success in pursuing an expanded coverage block. 

There may be some final considerations More extrapolating the model results of the sample 

group to all insureds. First, the range of results may indicate the inappropriateness of some 

of the model’s parameters. Changes to some parameters may be necessary; it is possible that 

new assumptions may need to be tested. 

--- -* 

Second, the loss reportiog pattern produced by the model will likely be faster than that 

experienced by the insurance or reinsurance company because of the inherent lag in reporting 

between the insured, the insurer, and the reinsurer. That is, the reporting pattern produced 

by the model is developed from each underlying insured’s expected claim reporting pattern 
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and does not n&ct delays in the insurance repohg and reserving process. Likewise, if the 

insurance or reinsurance company establishes case reserves that incorporate a provision for 

IBNR claims (as is often the case when it is apparent that with continued claim reporting 

policy limits will be exhausted) then the model-produced pattern may be too slow. Both of 

these possibilities need to be considered. 

Extrapolation of Model Results 

With the model results for the sample group quantified, the estimated uhimate asbestos 

liabilities for all of ABC Re’s underlying insureds can now be calculated. There are several 

ways to extrapolate the sample group model results to retkt ABC Re’s total expected 

liabilities. The appropriateness of a particular method depends on the nature of the 

company’s exposures as well as its claims handling and remving procedures. Potential 

methods are: 1) percent of layer exhausted by tier, 2) development factor by tier, 3) percent 

of exposed limits ‘exhausted by tier, 4) average ultimate loss by tier times number of insureds, 

and 5) extrapolation from Tiers 1 and 2. 

The first method is a percent of layer exhausted method. By tier, develop estimates of the 

percent of layers expected to be exhausted by asbestos BT claims. That is, the sample group 

Tier 2 insureds could be run though the model with the company’s policy limits and 

attachment points overwritten by the following layers: 

- primary $500,000; 

- $500,000 xs $500,000; 
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- $4 million xs $1 million; 

- $5 mihion xs $5 million; 

- $15 million xs $10 rnhlion; 

- $25miUion xs $25miBion; 

- $50 mUion xs $50 million. 

The model output would provide an estimate of the percent of these layers expected to be 

exhausted by BI claims. Thus, exposures for non-sample Tier 2 insure& could be arrayed by 

layer and the selected percentages applied to derive estimates of the company’s ultimate 

iiabiities associated with all Tier 2 insureds. This could then be repeated for other tier 

categolies. 

Exhibit 12 provides an example of one pm of this analysis, the caktdation of ABC Be’s 

liability for Insured 3 in the $5 milhon excess $5 million layer. To do this, the model is used 

for Insured 3 policies, with the policies’ ground-up limits, attachment points, and percentage 

shares overxidden by $5 million, $5 miilion, and lOO%, respectively. This is done for all 

Insured 3 policies. 

Exhibit 13 shows a grid which would ultimately be completed for use in extrapolation method 

one. In calculating the percent eroded by layer by tier, alJ insured’s in the sample group 

would be run through the model using the desired policy layers in place of the actual policy 

exposures. The exposures from the imureds not in the sample group would be arrayed in a 

similar matrix as they are in Exhibit 13, by layer by tier. The matrix of exposures would be 

multiplied by each corresponding cell in the percent eroded matrix to dexermine the ultimate 
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liability of the non-sample group. For example, assume ABC Re’s exposure in the $5 million 

excess $5 million layer was $100 million for Tier 2 non-sample group companies. $100 

m&on times 42% from Exhibit 13 gives projected ultimate liability of $42 million for the 

Tier 2, $5 million excess $5 million layer. This calculation would be repeated for each tier and 

layer combination and the results would be summed. It would then be necessary to combine 

this estimate for the non-sample group with the selected estimate of $153 million (Exhibit 11) 

for the sample group to produce an estimate of ABC Re’s total liabilities. 

This approach is likely better than the other approaches outlined below. Howler, it is also 

the most cumbersome as it requires attachment point and limits information on all exposures. 

The likelihood of asbestos exclusions applying in certain years or policies falling outside the 

insureds’ coverage blocks should be considered. 

The second method is performed by determin& the development factor to ultimate by tier 

implied by the model output relative to the reported case incurred loss and expense held by 

the company for the sample group. The development factors are then applied to the total 

incurred loss and expense for each tier category. This approach as.sumes consistent case 

reserving for sample group insureds versus other insureds. Grouping the insureds by tier is 

expected to result in more homogeneous groupings with respect to case re-serving and laya 

exposed, but differences between the sample and non-sample group should be explored in the 

extrapolation procedure. For example, if the information available for insureds in the sample 

group is more complete than the non-sample group, then an extrapolation might result in an 

understatement of total liability because too small a development factor is applied to the less 

developed losses. Likewise, if the company wrote policies with a wide range of attachment 
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points and the sample group represents insureds with lower layer policies, case reserving may 

not be as adequate on the non-sample group with higher layer policies. Thus, the 

development factors may be expected to differ for the two groups due to the different layers 

exposed. 

The reported case incurred loss and expense development factors by tier by scenario are found 

on Exhibit 10. The selection of development factors based on all four scenarios is shown on 

Exhibit 14. These factors by tier would be multiplied by the non-sample group reported loss 

and expense by tier to cakulate an ultimate loss and expense for non-sample group insureds. 

For example, assuming ABC Be’s non-sample group Tier l’s have reported loss and expense 

of $20 million dollars, the calculated non-sample group Tier 1 ultimate liability would be $20 

million times 1.935 from Exhibit 14, or $39 million. This calculation would be repeated for 

each tier and summed. Adding to this sum the ultimate liability of the sample group, $153 

million from Exhibit 11, would yield ABC Be’s total asbestos BI liability based on 

extrapolation method two. 

The third extrapolation method is to cakulate by tier the percent of exposed policy limits 

ultimately exhausted by the asbestos BI claims, as projected in the model, and apply these 

percentages to the total exposed policy limits by tier. Differences in exposed limits by 

attachment point for the sample versus non-sample group should be considered in applying 

this procedure. 

The ultimate loss and expense as a percentage of exposure can be found on Exhibit 10. The 

selection of percent of exposure factors based on all four scenarios is shown on Exhibit 15. 
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These factors by tiex would be multiplied by the non-sample group exposure by tier to 

calculate the estimated habiity for the non-sample group. For example, assuming ABC Be’s 

non-sample group Tier 2’s have exposure of $50 million for all layers, the estimated Tier 2 

liability would be $50 million times 30.7%, or $15 million. This calculation would be 

repeated for each tier and summed. Note that the non-sample group exposure by tier is the 

sum of each tier’s non-sample group exposure by layer which was used in extrapolation 

method one. Adding the sampIe group’s ultimate liability of $153 million from Exhibit 11 

to the summed estimated ultimate liability for the non-sample group yields ABC Be’s total 

asbestos BI liability based on extrapolation method three. 

The fourth method is a frequency times ultimate sevetity method. By tier, calculate an 

average ultimate loss and expense amount per insured in the sample group and multiply by 

the total number of insure&. This approach assumes that the sample group represents a 

typical distribution of limits written per insured and that the sample group and non-sample 

group are comprised of insureds with similar exposure distributions. In other words, the 

sample group should not be selected from the set of claims and the average results applied to 

the set of precautionary notices. However, extrapolation of the precautionaty notice group 

could be accomplkhed by &mating the percentage of notices expected to become claims in 

the future. This could be accomplished by reviewing the magnitude of movement from the 

notice to the claim category over the past several years. 

Exhibit 16 shows the avenge ultimate loss and expense by tier for each of the four scenarios. 

From these an average ultimate loss and expense by tier is selected, based on a 75% weight to 

the 1 &year coverage block scenarios and a 25% weight to the 25-year covesage block scenarios. 
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This selected average amount by tier would be multiplied by the number of non-sample group 

insureds by tier. For example, if ABC Re had 50 Tier 3 insureds, then ABC Re’s projected 

liability for non-sample group Tier 3 companies would be 50 times $794,000, or $40 million. 

The $794,000 is from Exhibit 16. This calculation would be repeated for each tier and 

summed. The sum, equal to the estimated liability for all non-sample group insureds would 

be added to $138 million, ABC Re’s estimated sample group liabiity, to get the estimate of 

ABC Ws overall liability based on extrapolation method four. 

The fifth method is an extrapolation of Tiers 1 and 2. Use one of the above methods for the 

Tier 1 and 2 exposures and extrapolate from the Tier 1 and 2 results to the remaking tiers. 

For example, given the following information for Tiers 1 and 2 vetsus Tier 3, an extrapolation 

of the percent of exposed limits exhausted may indicate a range of 6% to 10% for Tier 3 

insureds. The selected percentage could then be applied to the aggregate of exposed policy 

limits for Tier 3 insureds. The assumptions used in this method are presented in Fiie 5. 

Figure 5 

Average Ground- Percent of 
Up Liabilities (in Exposed Limits 

h&iUiOlB) Exhausted 

Tier 1 3,000 100%110% 

Tier 2 700 25%35% 

Tier 3 50 6?&10% 

A subjective extrapolation could also be canied out using the expected percentage repotted 

by tier. For example, if Tier 1 insureds are 55% reported and Tier 2 30% reported, we might 

estimate that Tier 3 insureds are 15% to 20% reported. 
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In extrapolating the model results to reflect the company’s total iiabiities, insured.5 presenting 

an unusual type or degree of exposure to the company should be considered separately. For 

example, an unusual degree of exposure would be when a vast majority of the company’s 

products liability policies were written with aggregate limits but one old policy without an 

aggregate has surfaced with a Tier 1 named insured. Similarly, if the company generaliy 

insured risks categorized as “main ~treet,~ but a Tier 1 or Tier 2 company was insured for a 

number of years on a first or second excess of loss layer, the magnitude of the potential 

asbestos BI iiabiities could be substantial relative to other insureds. In addition, a pending 

dispute regarding significant amounts of potential coverage for a Tier 1 or 2 insured or an 

applicable settlement agreement would warrant separate consideration. Such cases require 

discussions with claims department pexso~e.l and a review of assumptions underlying case 

resetves. Estimates for these unusual exposures should be derived on a case-by-case basis and 

inchrded in the total uhimate loss estimates for the company. 

6. Summary and Conclusions 

This paper demonstrates a methodology for modeling asbestos BI liabilities. While this policy 

limits methodology was designed specificaily for modeling asbestos BI liability, there may be 

potential for application to other insurance situations where traditional actuarial techniques 

do not apply weli. There are two clear stmngths of this model: 1) its flexibility, and 2) 

enhanced documentation. 

With the model’s flexibility, any parameter can be changed for sensitivity analysis. As noted 

earlier, the average severity trend can be adjusted to test the impact of various inflation 

215 



Measurement of Asbestos Bodily Injury Liabilities 

assumptions. The claim count reporting pattern for the sample group can be sped up or 

iagged. If evidence suggests that certain insumds’ expenses am de&ring relative to indemnity 

(particularly now that the courts have ahrady resolved many legal issues), the expense-to- 

indemnity ratio cau be adjusted on a year-by-year basis. Finally, if the coverage block of the 

insured is unknown or changed in a court ruling, the number of years and the weighting of 

each year in the coverage block can be varied. 

Enhanced documentation for modeling asbestos BI liabiity is another suer&r of the model 

and a benefit for claims professionals handling asbestos BI claims. These professionals am 

often requested to provide input into the process of estimating IBNR claim liabilities on 

known insureds or are specifically assigned the responsibility of establishing case rexives 

incorporating unreported claim activity for the foreseeable future. They are likely to follow 

an approach similar to that used in our model with insureds for which suflicient policy 

information is known. Benefits of a more formalized model analysis include: 1) an automated 

process which pennits the testing of alternative scenarios and facilitates future updates as 

additional information emerges, 2) an aggregate view of the company’s estimated liabilities to 

help analyze cash flow requirements or produce benchmarks when historical claims data is not 

available, and 3) enhanced documentation to support aggregate reserve levels to outside 

auditors and regulators. 

Possible weaknesses of the model include: 1) it is a determini& rather than a stochastic 

approach to estimation of the asbestos BI liabilities, and 2) it is dependent on reasonably 

accurate selection of model parameters. Both of these disadvantages can be minimized 
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through sensitivity analysis. Several scenarios should be run through the model to estimate the 

range of potential liabilities and to minim& errors due to parameter mk-eknation. 

Possible enhancements to the model or additional areas requiring rexarcb in projecting 

asbestos liabilities indude: 1) the inclusion of extra parameters to more comprehensively 

describe the insurance or rekuran ce policy and the potential asbestos exposure associated with 

the policy, 2) a provision for IBNR associated with insureds who have not yet notitied their 

insurance carriers and are not yet identified by the company, 3) a stochastic approach for 

analyzing outcomes under different scenarios, 4) a methodology for e&mating liabilities 

associated with premises and operations claims not subject to policy aggregates, and 5) a 

methodology for estimating property damage claims related to asbestos. 
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Exhibit 1 AdJuslment to ABC Reinsurance Company’s Policy Limits for Policies Assumed from XYZ Insurance Company 
Indemnity only* 
(S in Millions) 

XYZ Direct Policy Information ABC Re’s Stated Policy Information ABC Re’s Restated Policy Information ABC Re’s ABC Re’s 
ABC Re Stated Restated 

Policy Insured Percentage Attachment Percentage Attachment Percentage Attachment Dollar Dollar Underlap 
Number Company Share Point- Limit Share Point m Share Point Limit Share Share Amount 

(1) (2) (3) (4) (V (6) (7) (8) (9) (10) (11) (‘2) (‘3) (14) 

1 Insured 1 100.00% 60.00 10.00 7.25% 5.00 5.00 7.25% 65.00 5.00 0.36 0.36 0.00 
2 Insured 1 100.00% 5.fm 20.00 30.00% 5.00 IO.00 30.00% 10.00 10.00 3.00 3.00 0.00 
3 Insured 2 40.00% 10.00 20.00 50.00% 1.00 5.00 20.00% 12.50 12.50 2.50 2.50 0.00 

13 

Insured 2 10.00% 10.00 2o.cm 50.00% 1.00 5.00 5.00% 20.00 10.00 2.50 0.50 200 
Insured 2 10.00% 10.00 20.00 50.00% 2.25 5.00 5.00% 32.50 0.00 2.50 0.00 2.50 
Insured 2 50.00% 7.00 25.00 100.00% 5.fJo 15.00 50.00% 17.00 15.00 15.00 7.50 7.50 
Insured 2 32.00% 7.00 10.00 100.00% 2.00 2.00 32.00% 13.25 3.75 2.00 1.20 0.80 
Insured 2 100.00% 7.00 5.00 20.00% 5.00 5.00 20.00% 12.00 0.00 1.00 0.00 1.00 
Insured 2 100.00% 7.00 5.00 2O.f@% 2.60 3.00 20.00% 9.00 3.00 0.60 0.60 0.00 
Insured 2 65.00% 6.00 20.00 20.00% 10.00 5.00 13.00% 21.38 4.62 1.00 0.60 0.40 
Insured 2 65.00% 11.00 20.00 20.00% 5.00 10.00 13.00% 18.69 1231 2.00 1.60 0.40 
Insured 2 10.00% 11.00 50.00 40.00% 4.00 5.00 4.00% 51.00 10.00 2.00 0.40 1.60 
Insured 2 10.00% ll.aO 50.00 40.00% 1.00 5.00 4.00% 21.00 40.00 2.00 1.60 0.40 

(31-151 Direct wlicv information. Given. 
iSj-@j Stated ;ein&rance policy information. Given. 

(9) = (3) x (6). 
(10) = ((7) /(3)1 + (4). 
(ll)=MaxlO,Mint(8)/(3),~(5)-((7)/(3))})1. 
(12) = (6) x (8). 
(13) =(9)x(11). 
(14) = (12) - (13). 
(15) =Totalof(l3)/Totalof(12). 

l Expenses are ignored for simplicity of presentation. 

iii il. I 

(15) Underlap Factor 54.5% 

I 1 xi f 

36.46 19.86 



Exhibit 2. I 

ABC Re’s Restated Policy Terms for Policy 3 from Exhibit 1 
Capped by Upper Constraint 1 

B t= 30 .Z 
E 
c 25 .- 
e 20 I 
ii 

XYZ’s Limit = %20M 

3 15 5 10 I 

$ 
5 

t 
0’ XYZ’s AP = $lOM 

5 0 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
X 

-y- % Share 
z 
% 

a) XYZ attachment point = $lOM d) XYZ ceded to other reinsurers = 20% of $12 5M xs $12.5M El 

b) Olher dwct wr~lers= 60% of $20M xs $lOM &gfj \ \ e) XYZ ceded to ABC = 20% of $12 5M xs $12 5M 

c) Retamed by XYZ = 40% of $2 5M xs $lOM (for its reinsurance AP), 40%of $5M xs $25M (above its reinsurance layer) m 

(Assume XYZ purchased 1 layer of remsurance. ABC is one writer of layer. Assume no expenses for simplicity.) 



Exhibit 2.2 

ABC Re’s Restated Policy Terms for Policy 4 from Exhibit 1 
Capped by Upper Constraint 2 - 

35 

30 

25 

20 

15 

10 

5 

0 

I 
XYZ’s Limit = $20M 

I 

t 
XYZ’s AP = $lOM 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
X 

-Ytf % Share 
z 
% 

a) XYZ attachment point = $lOM d) XYZ ceded to other remsurers = 5% of $lOM xs $20M 

b) 01lm direct wrkrs= 9OXol $20M xs $lOM m e) XYZ ceded to ABC = 5% of $lOM xs $20M 

c) Retained by XYZ = 10% of $lOM xs $lOM (for its reinsurance AP) 

(Assume XYZ purchased 1 layer of relnsurance. ABC is one writer of layer, Assume no expenses for simplicity.) 



Exhibit 2.3 

ABC Re’s Restated Policy Terms for Po,~cy 5 from Exhibit 1 
Capped by Lower Constrarnt : 

I 
XYZTs Limit = 520M 

t 
i 

XYZS AP = t1cNi4 

1 
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

X 

WY, % Share 
z 

a) XYZ attachment pomt = $10M 

b) Other direct writers= 90% of f20M xs IIOM 

c) Retained by XYZ = 10% of $22 5M (capped at $m) xs $lOM (for i 

d) XYZ ceded to other remsuters = $0, attaches at $32.51111 

el XYZ ceded to ABC = $0. atlaches at $32 5M 

Is reinsurance AP) 

(Assume XYZ purchased 1 layer of reinsurance. ABC is One Writer of layer. Assume no expenses for simplicity.) 



Partial List of ABC Re’s Known Asbestos Defendants 
($ in Millions) 

Name 
of 

G!!PXY 

lr1surrd 1 
Insured 2 
Insured 3 
Insured 4 
Insured 5 
Illsured 6 

insured 7 
Insured 8 
Insured 9 
Insured 10 
Insured 11 
Insured 12 
Insured 13 
Insured 14 
Insured 15 .~...~ 
Insured 16 
Insured 17 
Insured 18 
Insured 19 
Insured 20 
Insured 21 
Insured 22 
Insured 23 

Tig 

4 
4 
2 
I 
1 
1 
2 
2 
2 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
2 

Ceding 
Company 

Policy 
Information 

Known 
Known 
Known 
Known 
Known 
Known 
Known 
Known 
Known 
Known 
Known 

Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 
Unknown 

Iii Ilii 

ABC Re’s Included 
Policy in Sample 

&&mation @p 

Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes 
Known Yes --__ --. --___- 

Unknown No 
Unknown No 
Unknown No 
Unknown No 
Unknown No 
Unknown No 
Unknown No 
Unknown No 

I L 
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ABC Rc Exhibit 4 
Asbestos BI Model Policy.!iformation for UnderJ&gfnsured 3, a Tier 2 Corn -----.- --.-- _-- -___ any 
Coverage Block under Baseline Scenario: 1960 - 1974 
Covcragc Block under Alternative Scenario: 1960 - 1984 .~ ..__.._ _ . .._ -_ f --.. ~--__- 

25 is 
Year Year 
COV. cov. 

Block Block __ ---- 

I I I I 
2 2 2 2 
3 3 3 3 
4 4 4 4 
5 5 5 5 

: : h 7 h 7 6 7 6 7 
8 8 8 8 
9 9 9 9 

IO IO 10 10 
Ii Ii 11 11 
I2 I2 12 12 
13 13 13 13 
1-I 1-I 14 14 
15 15 15 15 

--- --- 16 16 
17 
18 
19 
20 
21 
22 
23 
24 

Policy 
Year 

1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 

ABC Re Restated Restated 
Policy Percenrage Attachment Restated 

w/Insured 3 ____ __-~. ~.. .Limia- Share Point Expense Treatment 

YCS 
None 
None 
None 
None 
None 
None 
Yes 
YtX 
Yes 
Yes 
YCS 
Yes 
Yes 

None 
None 
None ~- -.-._- 
None 
None 
None 
None 
None 
None 
None 
None 
None 

100.00% 3,500,000 4,OOt),000 Pro Rata in Addition to Limit 

100.00% 2,700,OOO 2,otH),Oa0 Pro Rata in Addition to Limit 
100.00% 2,700,OOO 2,oOO,ooo Pro Rata in Addition to Limit 
100.00% 2,700,UOO 2,ow,txJo Expenses included within Limit 
100.00% 3,5Oo,oOo 4,000,000 Pro Rata in Addition to Limit 
100.00% 3,500,000 4.000,000 Expenses included within Limit 
25.00% 3,5Oo,uoo 4,000,000 Pro Rata in Addition to Limit 

100.00% 2,oOWoo 2,000,000 Indemnity Only 
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2.369 2.567 
2,369 2,567 
2.389 2,567 
2.369 2,567 
2.369 2,567 
2.389 2.567 
2,369 2.567 
2.389 2.567 
2,369 2.567 
2.389 2,667 
2.369 2,567 
2.389 2,567 
2,369 2,567 
2.399 2.567 
2.369 2.567 

0 0 

35.828 

2!E!? 

4.131 
4.131 
4.13, 
4.13, 
4.131 
4.13, 
4.13, 
4.131 
4.131 
4.13, 
4.131 
4.131 
4.13, 
4.131 
4.131 

0 

6 I.969 

38.%x 

m!z 

4.290 
4.290 
4.290 
4.290 
4.290 
4.290 
4,290 
0.290 
4.290 
4,290 
4,290 
4.290 
4,290 
I.290 
I.290 

0 

64.345 

!I%?_5 

2.219 
2.2,s 
2.219 
2.219 
2.219 
2.219 
2.219 
2.219 
2.219 
2.219 
2.219 
2.219 
2.219 
2.219 
2.219 

0 

3328, 

E!c!s 

3.906 
3.968 

3.102 3290 
3.102 3.260 
3,102 3.280 
3.102 3.260 
3.102 3.280 
3.102 3,290 
3.102 3.286 
3.102 3290 
3,102 3.290 
3,102 3,260 
3.102 3260 
3.102 3.260 
3.102 3.260 
3.102 3.260 
3.,02 3.260 

0 0 

46.536 

4,725 
4,726 
4,725 
4.725 
4.725 
4,725 
4.725 
4,725 
4,725 
4.725 
4,725 
4,725 
4,725 
4,726 
4,726 

0 

2,745 2.921 
2.7.,5 2,924 

2.057 2,745 2.924 
2,745 2,924 
2,745 2,924 
2,746 2.924 
2,745 2.924 
2,745 2,924 
2,745 2,924 
2.745 2,924 
2,745 2,924 
2,745 2,924 
2,745 2,924 
2.745 2,924 
2.745 2,924 

0 0 

3.629 
3,629 
3,629 
3,629 
3.629 
3,629 
3.629 
3,629 
3.629 

6 67% 2.057 
6 67% 2.057 
6 61% 2 057 

2.057 
2.057 
2.057 
2,057 
2.057 
2.057 
2 057 

3,629 
3,629 
3,629 2.057 

2.057 
0 

30.655 

1.442 4.588 
4.112 0.599 
4,442 4.588 
4,442 4.589 
4,442 4.566 
4.442 4.568 
4,442 4.588 
4.442 4.598 
4,442 4.588 
4.442 4.569 
4.442 4.568 
4.442 4.568 

5.079 6,942 
5.079 6.942 

6 6,% 5.078 6.912 
5.078 8.942 
5,078 6.942 
5,076 6,942 
5,078 6.942 
5.076 6,942 
6.076 6,942 
5.076 6,942 
5,076 6.942 
5.078 6,942 
5.078 6.942 
5.076 6942 
5.076 6,942 

0 0 

76.164 (04.13, 

5 67% 
6 67% 

3.900 
3.900 

3.966 
3.966 
3.966 
3.968 
3.969 
3.966 
3.968 
3.968 
3.968 
3.968 
3.968 
3.968 

0 

59.518 

6 67% 
6 67% 
6 67% 

4,442 4.568 
4.442 4,569 
4,442 4.568 

0 0 

66.632 66.815 



P$g,r;y vu+?! 

,960 
,961 
1962 
1963 
1961 
,965 
,966 
,967 
,968 

,970 
,971 
,972 
,9*3 
1974 

1975--m 

T”,d 

P0,,cy Yc.a 

I%>0 
,961 
1962 
1963 
,954 
,965 
196% 
,967 
196% 
,969 
,970 
,971 
,972 
,973 
,974 

1975-84 

l”,d 

6 67% 

% ,,/“b 
6 67% 
6 67% 
6 67% 
5 67% 
6 67% 
6 67% 
6 67% 
a 67% 
a 67% 
6 67% 
6 67% 
6 67% 
6 67% 
6 67% 
0 00% 

1OO.OlYYC 

2.049 
2.049 
2.049 
2.049 
2.049 
2.049 

2,049 
2.049 
2.04s 
2.049 
2.049 
2 04s 
2.049 
2.048 

0 

3rJ.730 

3.329 
3.32s 
3.329 
3.329 
3.329 
3,329 
3.329 
3.32s 
3.329 
3.329 
3.329 
3.329 
3.329 
3.32s 

0 

49.930 

!E!P !PSS 

2.195 2.342 2.489 
2.195 2.342 2,489 
2.195 2.342 2.489 
2.195 2.342 2.499 
2.195 2.342 2,499 
2.195 2.342 2.499 
2.195 2.342 2,499 
2.195 2,342 2,469 
2.195 2,342 2.489 
2,,95 2.342 2.489 
2.195 2.342 2.089 
2.195 2.342 2.489 
2.195 2.342 2.489 
2. ,95 2.342 2.489 
2.195 2.342 2.469 

0 0 0 

32.93” 

zoos 

3,422 
3.422 
3.422 
3,422 
3.422 
3,422 
3.422 
3,422 
3,422 
3.422 
3.422 
3.422 
3.422 
3,422 
3,422 

0 

51.330 

35.130 

2w6 

3.509 
3,509 
3.509 
3.509 
3.509 
3,509 
3.509 
3.509 
3.509 
3.509 
3.509 
3.609 
3,509 
3.509 
3.509 

0 

52.630 

37.330 

2001 

3,589 
3.569 
3.589 

2.629 2.762 
2.629 2,762 
2.629 2,762 
2.629 2.762 
2.629 2.762 
2.629 2.762 
2.629 2.762 
2,629 2.762 
2.629 2.762 
2.629 2.762 
2.629 2.762 
2.629 2,162 
2.629 2.782 
2.629 2.762 
2,629 2.762 

0 0 

39.430 4 I .*.I0 

3 682 .I 129 
3.682 3,729 
3.662 3.729 
3.662 3.729 
3.662 3,729 
3.662 3.729 
3.662 3.729 
3.662 3,729 
3.662 3.729 
3.662 3.729 
3.662 3,729 
3.662 3.729 
3.662 3.729 
3.662 3.729 
3.662 3.729 

0 0 

54.930 55.930 

2.989 
2.069 
2.889 
2.899 
2.889 
2.669 
2.899 
2.889 
2.889 
2.699 
2,999 
2.999 
2.969 
2.999 
2,689 

0 

13.330 

-2&l 

3.789 
3.789 
3.789 
3.789 
3.789 
3.789 
3.769 
3.789 
3.789 
3,789 
3.709 
3.789 
3.789 
3.7w 
3.789 

0 

56.930 

?oo! 

3.009 
3.009 
3.009 
3.009 
3.009 
3.009 
3.009 
3.009 
3.009 
3.0*9 
3.009 
3.009 
3.009 
3.009 
3.009 

0 

45.130 

20!! 

3.842 
3.842 

3.642 
3.942 

3.642 
3.842 

3.842 
3.812 
3,642 
3.642 
3.642 
3.842 

0 

3.889 3.929 1.384 
3.889 3.929 4.384 
3.669 3,929 1.381 
3.889 3.929 4.384 
3.869 3.929 4.384 
3.889 3229 4.384 
3.889 3.929 4.384 
3.689 3.929 4.384 
3.869 3.929 4.384 
3.869 3.929 4.364 
3.669 3.929 4.389 
3.889 3.929 4,381 
3.669 3,929 4.386 
3.669 3.929 4,384 
3.869 3.92s 4.304 

0 0 0 

57,630 58.330 58.930 65.755 

3.122 
3.122 
3.122 
3.122 
3.122 
3.122 
3.122 
3.122 
3.122 
3.122 
3. I22 
3,122 
3.122 
3.122 
3.122 

0 

46.830 

Exhibn 6 2 

-2s 

3,229 
3.229 
3229 
3.229 
3.229 
3.229 
3.229 
3.229 
3.229 
3.229 
3.229 
3.229 
3,229 
3.229 
3.229 

0 

4w30 

2!2!_3 U!!!!YA! 



19sr 
,968 

1970 
1971 
1972 
1973 
1974 

,975 “4 

p#y Ye?! 

19GrJ 
,961 
1962 
,963 
,964 
1965 
1966 
,967 
196% 
1969 
1970 
197, 
1972 
1973 
1974 

1975s%4 

Tdd 

4 00% 
4 00% 
4 00% 
4 00% 
4 00% 
400% 
4 00% 
4 00% 
I 00% 
4 00% 
4 00% 
4 00% 
100% 
4 00% 
4 00% 

40 00% 

10000% 

1.234 
1,234 
1,234 
1.234 
I.234 
1,234 
1.234 
,234 
1.234 
1,234 
1.231 
1,234 
1,234 
1,234 
1.234 

12.312 

30.855 

57.004 

1.331 1,433 1.510 1.647 1.754 1.86, 1.96% 2.073 2.17% 
t.331 f.433 1.510 1.617 1.751 1.861 1.96% 2.073 2.176 
1.331 ,A33 1.540 1.647 1.754 1,861 1,SSS 2.073 2.17% 
1,331 1.133 1.540 1.647 1.754 1.861 1.966 2.073 2.176 
1,331 , ,433 1,540 1.647 ,,754 1.861 1.988 2.073 2.176 
1.331 I.433 1.540 1.647 1,754 1,661 1.968 2.073 2.176 
f.331 1.033 1.540 1.647 1.754 ,.%BI 1.96% 2.073 2.17% 
1.331 1,433 1.540 1.647 1.751 1.861 1,966 2.073 2.17% 
1.331 1.433 1.540 1.647 1.754 1.881 1.968 2.073 2.17% 
1.331 1,433 1.540 1.647 I.754 1.661 1.96% 2,073 2,176 
1.33 1 1.433 1.540 I.647 1.751 1.661 1.96B 2,073 2.176 
1.331 1,433 1.540 1.647 1,754 1.861 1.966 2.073 2.17% 
1.331 1,433 1.540 1.647 1.754 1.851 1.368 2,073 2.176 
1.331 I.433 1.540 1,647 1.754 1.861 1.96% 2,073 2,176 
1.331 1.133 1.540 1.647 1.751 1.861 1.966 2,073 2.17% 

13.312 11.331 15.401 16.473 ,7.545 18.61, 19.678 20.733 21.775 

33.280 35.828 38.502 4,.1112 43.862 46.535 49,195 51.832 51.43% 

2.381 2,479 2.514 
2,381 2,479 2.574 
2.381 2,479 2.574 
2.381 2,479 2.574 
2.38, 2,479 2.574 
2.361 2 479 2.574 
2.38, 2.479 2,574 
2.381 2,479 2,574 
2.381 2,479 2,574 
2.38, 2.479 2,574 
2.361 2,479 2,574 
2.381 2,479 2,574 
2.381 2,479 2.574 
2.391 2.47s 2,574 
2,381 2.479 2,574 

23.807 24,789 25.73% 

2.665 2.,53 2.835 2,912 
2,665 2,753 2,%35 2,912 
2.665 2,753 2.835 2.912 
2,665 2.793 2835 2.912 
2.665 2,753 2.635 2.912 
2,665 2.753 2635 2,912 
2.665 2,753 2835 2.912 
2.565 2,753 2.635 2.912 
2,665 2,753 2,635 2.912 
2.665 2,753 2,635 2.912 
2.665 2.753 2.835 2.912 
2.665 2.753 2.835 2.912 
2,665 2,753 2.835 2,912 
2.665 2.753 2.835 2,912 
2,665 2,753 2.635 2.912 

26,653 27.52% 28,351 29.121 

2,993 3.047 4.165 
2.983 3,047 4.165 
2,963 3.047 1.165 
2.983 3,047 4.165 
2,963 3.017 4.165 
2.963 3.047 4.165 
2,993 3.047 4.165 
2.963 3,641 4.165 
2,993 3.047 4.165 
2283 3.047 1.165 
2,963 3.047 4.165 
2.983 3.047 4.165 
2,963 3.047 4.165 
2m3 3.047 4.165 
2.993 3.047 4.165 

29.829 36.466 41,652 

59.51% 5!.970 64.345 66.632 68.815 70.87% 72.803 74.572 76.164 104.131 



Asbestos 8, Uode, lo, AI)C Rs’s lnrured 3 
Insurer 3’s Cumulative Oround-Up Losses. Indemnity Only. Annual lnllalion = 0.0% / Coverags Block = 25 Yeats 

Oslo’*) 

Exhibit 6 4 

1.317 
1.317 
,,3,7 
1.317 
1.317 
1.317 
1.317 
1.3‘7 
1,317 
r.3‘7 
,.3,7 
1.3,7 
1,317 
I.317 
1.317 

13.172 

199s 

1.405 
I.405 
1.405 
1,405 
1.405 
1.405 
1.405 
1.405 
1.405 
1.405 
1,405 
1,405 

--- 
aw 

1.577 1,657 
I.577 1.657 
1.577 1.657 
1,577 1.657 
1.577 ,.I357 
1.577 1.667 
, ,577 ,.a57 
1:577 I:657 
1,577 1.557 

1,937 
1.937 
l.S37 
1.837 
1.937 
1.937 
1.837 
1,937 

1;405 
1.405 

14.052 

1.493 
1.493 
1.493 
1.493 
1.493 
1,493 
1,493 
1,493 
1,493 
1.493 
I.493 
1.493 
I.493 
1,493 
1.493 

14.932 

1.577 1.657 
1,577 I.657 
1,577 1.657 
1.577 1,657 
1.577 1.657 
1.577 1.657 

15.772 16.572 

1.733 
1.733 
I,733 
1,733 
1.733 
1.733 
1,733 
1.733 
1.733 
I.733 
1.733 
1,733 
1,733 
1.733 
1,733 

17,332 

1.605 1.673 
1.605 1.673 
1805 1.673 
1,605 1.873 
1,605 1.673 
I.605 1.673 
I.805 I.673 
1,605 1.673 
1.605 1.873 
1,605 1.873 
1 BOJ 1.873 
1.805 I.873 
1,605 1.873 
1.805 1.873 
1.605 1.873 

16.052 16.732 

f.937 
1.237 
1.237 
1.937 
I.937 
1.937 

19,372 

32.93” 35.130 37.33” 39.43” 41.43” 43.330 45.130 45.830 *a,430 

200s 

2.053 2.105 2.153 2.197 
2.053 2.195 2,153 2.197 
2.053 2.105 2.153 2.197 
2.053 2,105 2.163 2.197 

2,053 2.105 2.153 2.197 
2,053 2.105 2.153 2.197 

2.053 2.105 2.163 2.197 
2.053 2.105 2.153 2,197 

2.053 2.105 2.153 2.197 

2.053 2.105 2.153 2.197 

2.053 2.105 2.153 2.197 
2.053 2.105 2,‘53 2.197 
2.053 2.105 2.153 2.197 
2.053 2.105 2,163 2.197 

2.053 2.105 2.153 2,197 
20.532 2, ,052 21,532 21.972 

2.237 2,273 2.305 2.333 2.357 2.63” 
2.237 2,273 2.305 2.333 2,367 2.630 
2.237 2,273 2.305 2,333 2,357 2.63” 
2,237 2,273 2.305 2,333 2,357 2.63” 
2,237 2.273 2,305 2,333 2,367 2.63” 
2,237 2,273 2.305 2.333 2.357 2,630 
2,237 2,273 2.305 2,333 2,357 2,630 
2,237 2,273 2.305 2,333 2,357 2.63” 
2,237 2,273 2,305 2,333 2,357 2.63” 
2,237 2,273 2.305 2,333 2,357 2,630 
2.237 2273 2.305 2,333 2,357 2.630 
2,237 2,273 2.305 2.333 2,357 2.630 
2,237 2,273 2.305 2,333 2,357 2830 
2.237 2.273 2305 2,333 2,357 2,630 
2.237 2,273 2,305 2,333 2.357 2.630 

22,372 22,732 23.052 23,332 23.572 26,302 

51.33” 52.630 53.830 54.93” 55.93” 5n.a30 57.63” 58,330 56,930 

,950 
‘96, 
1962 
,963 
1964 
,965 
,966 
,967 
196% 
,969 

4 00% I.229 
4 00% 1.229 
4 00% 
400% 
400% 
4 00% 
4 00% 
4 00% 
4 00% 
4 00% 

1.229 
1.229 
1.229 
1.229 
1,229 
1,229 
1.229 
1.229 
1.229 
1.229 
1,229 
1,229 
1.229 

12.292 

30.73” 

197” 
,971 

4 00% 
4 00% 

1972 4 00% 
4 00% 
4 00% 

4” “0% 

100 OLr?? 

,973 
,974 

1975-84 

TOldI 

1,997 
1.997 
1,997 
1,997 
1,997 
1.997 
1.997 
1,997 
1.997 
1.997 
1.997 
1.997 
1.997 
1,997 
1.997 

19.972 

49.93” 

,964 
,965 
,966 
1967 
,968 
1969 
‘97” 
,971 
,972 
1973 
,974 

,975--a, 

To,*1 

4 00% 
4 00% 
4 00% 

4 00% 
4 00% 
4 00% 
4 00% 
4 00% 
4 00% 
4 00% 

40 00% 

(00 “00~ 65,755 



899, 

3.066 

19 

3.85” 
3.850 
3.850 
3.85” 
3.850 
3.850 
3.65” 
3.85” 
3.85” 
3.85” 
3.85” 
3.85” 

3.326 3.583 
3.328 3.583 
3.326 3.583 
3.328 3.683 
3.32% 3.583 
3.329 3.583 
3.328 3.583 
3,328 3,583 
3.328 3.583 
3.32% 3,563 
3.328 3.563 
3.328 3.593 
3.32% 3.583 
3.328 3.583 
3.328 3.583 

0 0 

4.118 4.386 
4.118 4.386 

3.85” 
3.85” 

0 

4.118 4.386 
4.11% 4,386 
4.116 4.386 
4.118 4.386 
4.118 4.386 
4.118 4.386 
4.11tl 4.386 
4.118 4.386 
4.11s 4.385 
4.11% 4 386 
4.118 4.386 
4.118 4.386 
4.llB 4.38% 

0 0 

61.773 b5.183 

4.654 4.919 5.183 
4.654 4,819 5.183 
4.654 4.919 5.163 
4.654 4.919 5.183 
4.654 4.919 5.183 
4.654 4.9,s 5.163 
4.554 4.919 5.163 
4.65, 4.919 5.183 
4.654 4.919 5.183 
4.654 4.919 5.163 
4.654 4.919 5.183 
4.654 4,919 5.163 
4.654 4.919 5.163 
4.654 4,919 5.183 
4,654 4.919 5,183 

0 0 0 

49.921 

200? 

5.952 

53.74 I 57.752 tr9.803 73,792 

5.952 
5.952 

5,952 
5.952 
5,952 
5,952 
5.952 
5.952 

5,952 
5.952 
5.952 

0 

6.197 6,435 6,663 6.882 
6.197 6.435 6.663 6.882 
6.197 6.435 6,663 6.882 
6.197 6.435 6.663 6.682 

6.197 6.435 6,663 6.882 
6,197 6.‘35 6,663 6.882 
6.197 6.435 6.663 6.882 
6.197 6.435 6.663 6.882 
6.197 6,435 6,663 6.882 
6.,9/ 6,435 6.663 6.882 
b.,‘JI 6.435 6,663 6.082 
6.19, 6.435 6,663 6.862 
6 187 6.435 6,663 6.882 
6 197 6.435 6.663 6.882 
6 197 6.435 6,663 6 882 

0 0 0 0 

20,o 

7.08% 
7.088 
7.088 
I.OlJ% 
7.08% 
7.088 
7.08% 
7.088 
7.066 
7.088 
7.08% 
7 .ow 
7.088 
7.088 
7.088 

0 

7.260 
7.280 
7.280 
7.28” 
7280 
7.260 
7.28” 
7,280 
7.260 
726” 
72%” 
7.2%” 
7.2%” 
728” 
7.280 

0 

89.277 92.954 96.51% 99.94% 103.223 106.3,7 109.2M 

z?!E 

77.74% 

2PE 

7,457 
7.457 
7,457 
7.457 
7,457 
7.457 
7,457 
7.457 
7,457 
7,457 
7,457 
7,457 
7.457 
7,457 
7,457 

0 

111,858 

gB.g 

5.444 
5.444 
5,444 
5,444 
5.444 
5.444 
5.444 
5.444 
5.444 
5.444 
5.444 
5.444 
5.444 

6 67% 
667% 

1962 6 67% 3.066 
1963 6 57% 3.086 

3.066 
3,085 
3.086 

6 67% 
667% 
6 67% 
6 67% 
6 67% 
5 67% 3,066 
6 67% 3.086 

3.086 
3.086 

1965 
,966 
,967 
,968 
,969 
197” 
197, 
,972 
1973 
1974 

19,s 84 

6 67% 
6 67% 
5 67% 
6 67% 
0 “0% 

lO”“c?% 

3.086 
3.086 
3.086 
3.086 

5.444 
5.444 

0 

46.283 

0 

El ,658 

7.616 10.413 
7.516 10.413 
7.616 10,413 
7.61% 10.413 
7,616 10,413 
7.616 IO.,,3 
7.616 10,413 
7.616 10.413 
7.616 10.413 
7.616 10,413 
7.61% 10.4 13 

20~~ 

5.7”” 
5.7”” 
5.70” 
5.700 
5,700 
5.70” 
5.7”” 
5.700 
5.700 
5.7”” 
5,700 
5.7”” 
5.7”” 
5.7”” 
5.700 

0 

85.506 

WsW? 

6 67% 
6 67% 
6 67% 
5 57% 
6 67% 
6 67% 
6 67% 
667% 
6 67% 
6 67% 

1961 
1962 
1963 
1964 
1965 
1966 
1967 
196% 
1969 
197” 
197, 
,972 
1973 
1974 

,975-m 

5 6796 
6 67% 
6 67% 

7,616 10.413 
7.616 10.4 I3 

6 67% 
6.67% 
0 “0% 

100 “0% 

7.616 10,413 
7.616 IO.413 

0 0 

114.24% 156.197 

1!! III i. f i 1; I 



2!& 

4.683 

5.263 
5.263 
5.263 
5.263 
5,263 
5.263 
5.263 
5.263 
5.263 
5,263 
5,263 
5.263 
5.263 
5.263 
5.263 

0 

76.9‘5 

20!2! 

4.513 
4.513 
4.613 
4.513 
4,513 
4.513 
4.613 
4.513 
4,513 
4,513 
‘S13 
4.513 
‘S13 
4,513 
4,513 

9 

67,695 

Z!!! 

5.763 
5.763 
5.763 
5.763 
5.763 
5.183 
5,763 
5.163 
5,763 
5.763 
5,763 
5,763 
5.163 
5.763 
5.763 

9 

661‘5 

‘583 
4.663 
4,663 
‘.883 
‘ ,663 
4.883 
4.663 
1,683 
4,663 
4.663 
4,663 
4.663 
4,683 

0 

70.2‘5 

?Q!2 

5.633 
6.633 
5.833 
5,633 
5,833 
5.833 
5.833 
5,833 
5,833 
5.633 
5.033 
5.633 
5,833 
5,833 

4.8‘3 
‘.8‘3 
4.843 
‘.643 
‘a43 
1.843 
‘.843 
4.8‘3 
1.643 
4.643 
4.6‘3 
4,843 
4.6‘3 

0 

72.615 

5.893 6.576 
5.893 8.576 
5.893 6.576 
5.693 8.576 
5.893 6.576 
5.893 6,576 
5,693 6,576 
5,693 6,576 
5.893 6,576 
5.893 6.576 
5.893 6.576 
5.893 6,576 
6.693 8.576 
5,693 6.676 
5.693 6.576 

0 0 

86.395 96.633 

?I@+ 

4 9% 5,493 
5,493 
5,493 
5.493 
5.493 
5.493 
5,493 
5.493 
6,493 
5.493 
6.493 
5.493 
5.493 
5.493 
5.493 

0 

62.395 

4,993 
4,993 

6 67% 
6 67% 
6 67% 
6 67% 
6 67% 
6 67% 
6 67% 
6 67% 

5.693 
5.593 
5,593 

0 

63.695 

cl 

67,495 



Asbestus “I Modal Ior A”C He’s Insured 3 
insure, 3’s Cumulalire Ground-“p iosses. Indemmty and Expenses. Annual l”,le,w” = 5.996, Cowrags Blah : 25 Years 
(lOOO’S) 

Exhtbll 7.3 

Calendar Year _-- -_ 
!-?E!! ES 

?.‘?I 2.632 
2,471 2.632 
2,471 2,632 
2.47, 2,632 

2.150 2.310 
2.150 2.310 
2.150 2.310 
2.150 2.310 
2.150 2.510 
2.150 2.310 
2.,50 2.310 
a.,so 2.310 
2.150 2.310 
2.150 2.310 
2.150 2.310 
2.150 2.310 
2.150 2.310 
2.150 2.310 
2.150 2.310 

21.497 23.10, 

53.7‘2 57.752 

m2 

3.716 
3,716 
3.716 
3.716 
3.719 
3.716 
3.718 
3.716 
3.?,8 
3.718 
3.716 
3.716 

3.861 3,996 4.129 4,253 
3.861 3.998 4,129 ‘253 
3.661 3,996 4,129 4.253 
3.661 3.996 4.129 4.253 
3.861 3.996 4.129 4.253 
3.661 3.996 4.129 4,253 
3.861 3,996 4.129 4.263 
3.861 3.996 4.129 4.253 
3.66, 3.996 4.129 4.253 
3.661 3.996 4.129 4.253 
3.661 3.996 4.129 4.253 
3.661 3,996 4.129 4.253 
3.861 3.996 4,129 4.253 
3.66, 3,996 4.129 4.253 
3.66, 3.996 4.129 4.253 

36.60, 39,979 ‘1.289 42.527 

. ~_ -. 
a1 

2.471 2,632 
2.471 2.632 
2.471 2,632 
2.471 2.632 
2.47, 2,632 
2,471 2,632 
2.471 2.632 
2:47, 2.632 
2.471 2,632 
2.471 2.632 
2.47, 2,632 

24.?09 26.317 

61.713 65,?9J 

2.192 2,952 
2.792 2,952 
2,792 2.952 
2,792 2.952 
2.792 2,952 
2.?92 2,952 
2.792 2.952 
2.79.2 2,952 
2.?92 2,952 
2,792 2,952 
2.?92 2,952 
2,792 2,952 
2,792 2,952 
2.792 2,952 
2.792 2,952 

27.921 29.517 

b9.603 73.792 

iwo 

4.366 
4.368 
4.366 

3.716 
3,716 

37.192 

‘;366 
4.366 
4.366 
4,366 
‘.X%4 
4.366 
4.366 
4.366 
4,366 
4,366 
4.366 

‘3,662 

92,955 96.61.3 99.9‘6 ,03.223 106.317 109.2c4 

3.266 
3.266 
3.266 
3.266 
3,266 
3.266 
3,266 
3.266 
3.266 
3.266 1969 4 00% 1851 

,970 4 00% 1.65, 
,971 4 00% 1.651 

3.266 
3.266 
3.266 
3.266 
3,266 

32.663 

,972 4 00% 

61,656 

,973 
,974 

,975 “4 

l”ld 

19611 
,961 
,962 
,963 
,964 
1965 
,966 
1967 
,968 
,969 
,970 
197, 
1972 
1973 
,974 

,975.-64 

4.579 6 2‘6 
4.570 6.246 
4.570 6.2‘8 

4 00% 4.570 6.2‘6 
4.576 6.2‘6 
4.570 6.2‘6 
4.510 6.246 
4,570 6.2‘8 
4.570 6.2‘6 
4.510 6.2‘6 
4.570 6.2‘8 
‘.5?0 6,248 
4.570 6.2‘6 
4,570 6.2‘6 
4.570 6.2‘6 

‘5,696 62.479 

114,246 156.197 

4 00% 3.420 
4 00% 3.420 

4 00% 
4 00% 
4 OD% 

‘0 oc% 

lOO”W% 

34.202 

65.5ct6 

I i Ei I /!I aI!4 



Exhibl 7.‘ 

1960 
,961 
1962 
1963 
,964 
,965 
,966 
,961 
,966 
,969 
,970 
,971 
,971 
,973 
,974 

,9,5--“4 

,961 
1962 
,963 
,964 
1965 
,966 
,967 
,966 
1969 
1970 
197, 
,972 
,973 
,974 

1975-64 

Selected 

h!Shlr 

4 00% 
4 09% 
4 00% 
4 00% 
4 00% 
4 00% 
4 00% 
4 00% 
4 00% 
4 99% 
4 00% 
4 00% 
‘WX 

?%?A 

1.6“ 
1.B“ 
1.64‘ 
1.64‘ 
1.8“ 
1.6‘4 
1.644 
1.8“ 
1.8“ 
1.64‘ 
1.6“ 
1.6“ 
18“ 

4 00% 1.6“ 
4 00% 1.8“ 

40 00% 16.438 

100 00% ‘6.095 

4 “0% 2.9Q6 
‘00% 2.996 
4 00% 2;996 
4 00% 2.996 
4 00% 2,996 
4 00% 2,996 
4 00% 2,996 
4 00% 2,996 
4 00% 2.996 
4 90% 2,996 
400% 2,996 
4 00% 2.996 
‘00% 2.996 
4 cm% 2.996 
4 00% 2,996 

‘0 00% 29.956 

3.ow 3,156 
3.060 3.156 
3,060 3.156 
3.080 3.158 
3.080 3.158 
3.080 3.158 
3.060 3.156 
3.060 3.156 
3.SSQ 3.156 
3.060 3.158 
3.060 3.,58 
3.980 3.,56 
3.060 3.156 
3.060 3.156 
3,080 3.156 

30.796 31.576 

3.230 3.296 
3;230 3.296 
3.230 3,296 
3.230 3.296 
3.230 3.296 
3.230 3.296 
3.230 3.296 
3.230 3.296 
3.230 3,296 
3.230 3.296 
3.230 3.296 

32.296 32.958 

3.356 3.410 3.456 
3,356 3.410 3.456 
3.356 3,410 3,466 
3.366 3.410 3.456 
3.356 3.410 3.456 
3,356 3.410 3.468 
3,356 3.410 3.458 
3.356 3.410 3.456 
3,356 3,410 3,458 
3,356 3,410 3.458 
3.356 3.410 3.456 
3.356 3.410 3.458 
3,356 3,410 3.458 
3,356 3,‘ 10 3.456 
3.356 3.410 3.458 

33.556 34.096 34.576 

too 00% 74.695 76.995 76,945 66,745 62.395 63,695 85.2‘5 66,445 

. . 
psj 

1.976 2.106 
1.976 2.108 
1.976 2.108 
1,976 2.106 
1.976 2.108 
1.976 2.106 
1.976 2.106 
I.976 2.106 
1.976 2.106 
1.976 2,106 
I.976 2.,0* 
I.976 2.106 
1.976 2.108 
I.976 2.108 
1,976 2.108 

19.756 21.076 

‘9.395 52,695 

1997 

2.2‘Q 
2.2‘0 
2.2‘0 
2,246 
2.240 
2,240 
2.2‘9 
2.2‘0 
2.2‘0 
2.2‘0 
2.2‘Q 
2,240 
2.240 
2.2‘0 
2.2‘0 

22,396 

55,995 

-CalendarYe!L- .~ 
(998 ?Sss 

2.366 2.466 
2.366 2.466 
2.366 2.486 
2.366 2.466 
2,366 2.466 
2,366 2.466 
2.366 2.466 
2,366 2.486 
2.366 2.466 
2,366 2.466 
2,366 2,466 
2,366 2.466 
2,366 2.486 
2,366 2.466 
2,366 2.466 

23,656 24.656 

59.1‘5 62.,‘5 64.995 67,696 70,246 72.6‘5 

3,230 3.296 
3.230 3.296 
3.230 3:296 
3.230 3.296 

2oM) 

2.600 2.706 2.810 
2.600 2.706 2.610 
2.600 2.706 2.610 
2.660 2,708 2.6 ,a 
2.800 2.708 2.616 
2.600 2.708 2,610 
2.6QO 2.708 2.810 
2.600 2.706 2.616 
2.600 2.708 2.610 
2.600 2.708 2.610 
2.600 2.706 2.610 
2.6QO 2.706 2.6 IO 
2.6QO 2.706 2.810 
2.600 2.706 2.610 
2,600 2,706 2.610 

25.998 27,676 28.096 

2.906 
2.906 
2.906 
2.906 
2.906 
2.906 
2.906 
2.906 
2.906 
2.906 
2.966 
2.906 
2.906 

29.056 

3,636 3.945 
3,536 3.9‘5 
3.536 3.9‘5 
3.536 3,946 
3.636 3.9‘5 
3.536 3.945 
3,536 3.945 
3.536 3,945 
3.536 3.945 
3.636 3.9‘5 
3.636 3.9‘5 
3.636 3.9‘5 
3,546 3.9‘5 
3.536 3.945 
3,536 3.9‘5 

35.356 39.453 

66.395 



1960 No ABC Re Policy 0 0 0 0 0 0 0 0 0 
,961 No ABC Re Poky 0 0 0 0 0 0 0 0 0 
1962 No ABC Ra Policy 0 0 0 0 0 0 0 0 0 
1963 No ABC Ft. Policy 0 0 0 0 0 0 0 0 0 
1964 No ABC Re Policy 0 0 0 0 0 0 0 0 0 
,965 2.oli.7/100 096, Pro Rata 0 0 0 0 M1 336 604 868 1.133 
,956 2 OR ?,I 00 0% I Pro Rata 0 0 0 0 68 x36 60‘ 669 I.133 
1967 2.0,2.7,100.0%,,“c,“di” Lim,t 366 626 863 I.150 l.‘lB I.686 I.954 2.000 2.000 
,968 ‘.013.5(1000%, no R&a 0 0 0 0 0 0 0 0 0 
,969 ‘.O,kVlW.O%, Included YI Limn, 0 0 63 356 6‘8 666 1.15‘ 1.419 1.683 
,970 ‘.0/3.5/25.0%, Pro Ilam 0 0 0 0 0 0 0 0 0 
,971 2.oi2 0/100.0%, ,“dml onty 57 219 369 667 745 92‘ 1.102 1,260 1.455 
1972 No ABC Ae Policy 0 0 0 0 0 9 0 0 0 
1973 No ABC Re Policy 0 0 0 0 0 0 0 0 0 
,974 NO ABC Re Policy 0 0 0 0 0 0 0 0 0 

1975-64 No ABC Its Policy 0 0 0 0 0 0 0 0 0 

0 
0 
0 
0 
0 

1.39‘ 
8.39‘ 
2poo 

19‘ 
1.9“ 

46 
1,629 

0 
0 
0 
0 

rutat “3 647 I.354 2,067 2.918 4.169 5,417 6,436 7,405 6.603 

1964 
1965 
1966 
1967 
,968 

1970 
1971 

1973 
197‘ 

1975-6‘ 

TOkl 

NO ABC R8 P0ky 0 
No ABC Re Policy 0 
No ABC Re Policy 0 
No ABC Re P&y 0 
No ABC Re Policy 0 
2.OR.7,100.0%, Pro Rata 1.650 
2.0R.7,100 ON, Pro Rata 1.660 
Z.O~.?,‘oQ.S%, Included in Limit 2.000 
4 0,3.5/100.0%, Pro Rat.3 ‘60 
4.013.YlOO 0% I lncludad in Limit 
‘.0;3.w25.0%/ Pro Rata 

2.200 
113 

2.0/2 WlOO.O%l lndem Only 1.800 
No ABC Re P&y 0 
No ABC i-k Pdicy 0 
NO ABC Re Policy 0 
No ABC An Policy 0 

9.86‘ 

2om 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

1.902 2.1‘7 2.365 
1.902 2.1‘7 2.365 
2,000 2.000 2.000 

702 9‘7 1.185 
2.452 2.697 2,935 

175 237 296 

1,966 2.000 2,000 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

ll.lOI 12.175 13.18‘ 

0 0 
2.613 2.832 
2.613 2832 
2,000 2.wo 
I.413 I .632 
3.163 3262 

353 ‘08 

2,000 z.wJ 
0 0 
0 0 
0 0 
0 0 

14.156 15.08‘ 

. 
2010 2011 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

3.000 3.000 3.ooo 3.000 3.000 
3.000 3.000 3.000 3.090 3.000 
2.000 2.OSo 2,0&l 2.300 2.OSO 
1,636 2.030 2.207 2,366 5.163 
3.568 3.760 3.957 4.000 4.000 

469 508 552 592 1.291 
2.000 2,000 2,loo 2,000 2,000 

0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

15.685 16.316 16.716 16.956 20.454 

Exhibi, 6.1 



,962 NO ABC Ae Palrc; 
,963 NO ABC Re P&y 
1964 MO ABC RS Policy 
1965 2.OR 7,100 0% , Pro “ata 
,966 2.012 7,tw 0% , Pro flata 
1667 2.oi2.7/100.0%/ Includedin Limr 
1966 4.0/3.5/100.0%, Pro Rata 
,969 6.0~3.YlW O%./lncludad in Limit 
,970 *.0,3.Y25.0%, Pro Rata 
,971 2 Oi2 WOO O%, lndem Only 
1972 No ABC Re Poticy 

1973 *a ABC Re Policv 

,674 No ABC Rs Polic; 
1975-8 4 No ABC Re Policy 

T”ld 

0 
I) 
0 
0 
0 

263 
2.63 

1.633 
0 

633 
0 

669 
cl 
0 
0 
0 

3.921 

?O!Q 

0 
Cl 
0 
Cl 
0 

1.633 
,833 
2PW 

433 
2.163 

106 
1.769 

0 
0 
0 
cl 

6.776 

Exhibit 6.2 

6.156 

0 0 
0 cl 
0 0 
0 0 
0 0 

1.843 2.626 
1.643 2.526 
2.006 2.066 

6.3 1.326 
2.363 3,676 

161 33‘ 

t 928 2.w6 
0 0 
0 0 
0 0 
0 0 

lO.612 13.763 



Asberlos 6, Uodel lor ABC Ae’r Insured 3 
lnluce.d 3’s LOSIOL in ABC Rs’s Rainrurence Layer. Indemnity and Expenses. Annual Inllelio” = 6.0% I Coverage Kiosk = 25 Yearn 

,960 No ABC Re Policy 
1961 No ABC lb Policy 
1962 NO ABC R4 Pokey 
1963 No ABC Ra Policy 
,964 No ABC Rs Pobcy 
1965 2 0(2.7,100 096, P,O Rata 
1966 2 OR 7,100 096, Pro Fast* 
1967 2 on 7,100 lx&, lnchded I” Clrnll 
1968 4 o,3.w1w 096, Pro Rala 
1969 4 0,3 5,100 O%, Included I” L,mtt 
1979 4 013.5125 0% , Pro Rata 
,971 2 on wlcm O%, hdml Only 
1972 No ABC Re Poky 
1973 NO ABC Re Policy 
,974 No ABC Re Policy 

,975-W NO ABC RB Policy 

NO ABC Re Poti& 
1963 No ABC Re Polic; 
1964 No ABC As Policy 
1966 2 W2.7,100 0% , Pm Rata 
1966 2 On.7,104.0%/ Pro Aala 
1967 2 OR.7/100 0% I Included I” Limll 
196.4 4 OIJ.Y1WO%, Pro ifeta 
1969 4 013 W100.0%1 Included in Limit 
1970 4.013.5125 WV, Pro Rata 
1971 2 0/2.0/100.0%/ lndem Only 
1972 No ABC Re P&y 
1973 No ABC Re Poticy 
1974 No ABC Re P&y 

1976-61 NO ABC Rs Policy 

Tatat 

666 753 
0 cl 

Exhbii 8.3 

D 
0 

666 
0 
Ll 
0 

176 
0 
0 
0 
0 

744 

5.026 12.391 



,960 No ASC Re Poficy 0 
1961 No ABC Ra Policy cl 
,962 No ABC Ra Policy 0 

1963 No ABC Ra Policy 0 
,964 No ABC Re Policy 0 
1965 2.OR 7,100.0%, Pro Rata 0 
1966 2.OR 7llOO O%/ Pm Rata 0 
1967 2.0/2.7,100.0%, Includedt” L,mil 0 
1966 4 0,3.5,100 O%, Pro Rala 0 
,969 4 O/3 MlOO.O%, lncludsd I” Limi, 0 
,970 4 O/3 5,25.0%, Pro Rata 0 
1971 2.Ol2 o/100.0%/ lndem Only 0 
,972 No ABC Re Policy 0 
1973 No ABC A* Policy 0 
1974 No ABC Re Policy 0 

1976-64 NO ABC Re poticy 0 

Total 

19M) No ABC Re Pokey 
1961 No ABC Re Pdicy 
1962 No ABC Rs Policy 
,963 No ABC Re Pokey 
,964 NO ABC Re Policy 
,965 2.0,2.7,100 O%, Pro Rata 
1966 2 *L2.7,100 O%, Pro Rala 
,967 2 0~.7/100,0%ilncludedi” Lami, 
1966 4.0,3.5/100.0%, Pro IMa 
,969 4.0/3.51100.0%1 lrlciuded I” Limit 
,970 4.013 w25 O%, PI0 Rata 
,971 2 012 0/100.*%/ln&m Only 
1972 No ABC Re Poti”” 
1973 No ABC Ra Polk; 
,974 No ABC As Policy 

1975-64 No ABC Re Policy 

TOMI 

.-__ 
E!s 

0 

?@! 

II 
0 
0 
0 
0 
0 
0 

296 
0 
0 
0 
0 
0 
0 
0 
0 

296 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

g&5 

0 
0 
0 
0 
0 
0 
0 

360 
0 
0 
0 

53 
0 
0 
0 
0 

433 

-.--- 
(996 gg 

0 0 
0 0 
0 0 
0 D 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

2006 ix!@ 
II 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

456 530 
0 cl 
0 0 
0 0 

105 153 
0 0 
0 0 
* 0 
0 0 

663 663 

Cl 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 Cl 0 
0 0 0 

0 0 0 

0 
0 
0 
0 
0 
0 
0 

696 
0 
0 
0 

197 
0 
0 
0 
0 

793 

0 0 
0 0 
0 0 
0 0 
0 Cl 

666 710 
0 0 
0 0 
0 0 

237 273 
0 0 
0 0 
0 0 
0 0 

693 963 

0 
0 
0 
0 
0 
0 
0 
6 
0 
0 
0 
0 
0 
0 
0 
0 

8 

0 
0 
0 
0 
0 
0 
0 

766 
0 
0 
0 

305 
0 
0 
0 
0 

1,063 

2!2!?2 

0 
0 
0 
cl 
0 
cl 
0 

110 
0 
0 
0 
0 
0 
L-8 
0 
0 

110 

1012 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

333 
0 
0 
0 
0 

1.133 

0 
0 
0 
0 
0 

206 
0 
0 
0 
0 
0 
0 
0 
0 

206 

2ac3 Vltima(s 

0 0 
0 0 
0 0 
0 0 
cl 0 
0 0 
0 0 

636 1.246 
0 0 

36 445 
0 0 

367 630 
0 0 
0 0 
0 0 
0 0 

1,229 2.321 



Asbestos 81 Model for ABC Be’s Insured 3 
Comperison of Ground-Up Indemnity & Expense vs. Indemnity 6 Expanse in Layer 
Annud Inflation = 5.0% / Coverage Block = 15 Years 
(SOOD’S) 

Insured 3’s 1968 Policy Year 

1995 
1996 
1997 
I998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 

~~~.. Cumulative Indemnity and Expense 
lmnlied 

On a 
Ground-Up 

Ground-Up In ABC RB’S 
Repodina Reinsursnce 

3.086 29 63% 0 
3,328 31.96% 0 
3,583 34 41% 0 
3.350 36.97% 0 
4,118 39.55% 0 
4.386 42.12% 0 
4,654 44.69% 0 
4.919 47.24% 0 
$183 
5,444 
5.700 
5,952 
6.197 
6.435 
&X3 
6.802 
7,088 
7,280 
7,457 
7.616 

10.413 

@&s; 
(21.(6) From Exhibit 7.1 

(3) = (2) / (2) at Ultimate. 
(q.(6) From Exhibit 6.1. 

(5) = (4) I(4) at Ultimate. 
(7) = (6) I (6) at Ultimate. 
(9, = (0) I(8) at Ultimate. 

pittern- k!YY_e! 
(31 (4) 

49.78% 0 
52.28% 194 
54.74% 450 
57.16% 702 
59.51% 947 
61 79% 1.185 
63.99% 1.413 
66 09% 1,632 
68.07% 1.838 
69.91% 2,030 
71.61% 2,207 
73.14% 2,366 

100.00% 5,163 

- __-..- 
ABC Ra’s 

tmplied 
Reporting 

pm 
61 

All Policy Years for fnsursd 3 in its Coversge Block 
Cumulative Indemnity snd Expense 

ImDlied ABC Re’a 
on a Ground-lb in ABC Re’a 

Ground-Up 
p &is_ 

(6) 

Reimtin[l’ Reinsurance 
Implied 

Rqmtlng 
m 

(9 

0.00% 46.283 29.63% 443 2.16% 
0.00% 49,921 31.96% 847 4.14% 
0.00% 53.741 34.41% 1,354 6.62% 
0.00% 57,752 36.97% 2,067 10.11% 
0.00% 61,773 39.55% 2.918 t 4.27% 
0.00% 65,793 42 12% 4.169 20.38% 
0.00% 69.803 44.69% 5.417 26.48% 
0 00% 73,792 47.24% 6.436 31.43% 
0.00% 77,740 49.70% 7.405 36.20% 
3 75% 81,658 52.28% 8.603 42.06% 
8.72% 85,506 54.74% 9,864 48.23% 

13.59% 89.277 57.16% 11,101 54.27% 
18.34% 92,954 59.51% 12.175 59.52% 
22.94% 96.518 61.79% 13.te4 64.46% 
27 37% 99.948 63.99% 14.156 69.21% 
31.60% 103,223 66.09% 15.084 73.75% 
35.59% 106,317 68.07% 15.0as 77.66% 
39.32% 109,205 69.91% 16,318 79.78% 
42.75% 111.858 71.61% 16,716 81.73% 
45.83% 114,246 73.14% 16.958 82.91% 

100.00% 156,197 100.00% 20,454 t 00.00% 

Exhibi 9.1 

d ii Iii I t / ,,li,lI 



x ‘W 

Asbestos BI Model for ABC Ae’s Insured 3 
Comparison of Ground-Up Indemnity 6 Expense vs. Indemnity 6 Expense In Layer 
Annual tnltalion = 0.0% /Coverage Block = 15 Years 
pooo’s) 

Cvlcndor 
Ycor 

(11 

1 YY4 
1995 
1996 
1937 

Insured 3’s 1968 Policy Year 

Cumu!slive !cs!omnQ z! Exeens5 
Implied 

on a Gwnd-Up In ABC Ao’s 
Ground- Up &polling Reinsursnco 

$ Basis PC!??! !-F!P! 
(4 13) (4) 

3.073 46 73% 0 
3.293 50 08% 0 
3.513 53.43% 0 
3.733 56 77% 0 

1998 3,943 59 37% 0 
1939 4.143 63.01% 0 
2000 4,333 65 90% 0 
2001 4,513 66.63% 0 
2002 4,663 71.22% 0 
2003 4,643 73.65% 0 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 

4.993 
5,133 
5,263 
5.383 
5,493 
5,593 
5.683 
5.763 
5,833 
5.893 

60.04% 
81.66% 
83.54% 
85.06% 
86.43% 
87.64% 
68.71% 
69.62% 

0 
0 

13 
133 
243 
343 
433 
513 
583 
643 

0 00% 46,095 46.73% 422 3.06% 
0.00% 49.395 50.08% 788 5.72% 
0.00% 52.695 53.43% 1.168 8.47% 
0.00% 55.995 56.77% 1.755 12.73% 
0.00% 59,145 59.97% 2,315 t 6.79% 
0 00% 62.145 63.01% 3,034 22.0(% 
0.00% 64,995 65.90% 3,921 28.45% 
0.00% 67,695 68.63% 4.761 34.54% 
0.00% 70,245 71.22% 5,554 40.30% 
0.00% 72,645 73.65% 6.158 44.67% 
0.00% 74.895 75.93% 6.708 48.67% 
0 00% 76.995 78.06% 7,221 52.39% 
0.98% 76,945 80.04% 7,714 55.97% 

1004% 80.745 61.86% 8.304 60.25% 
18.33% 82,395 82.54% 0. a45 64.17% 
25.86% 83.895 85.06% 9.337 67.74% 
32.67% 65,245 86.43% 9.779 70.95% 
38.70% 86,445 87.64% 10,172 73.80% 
43.98% 67,495 88.71% 10.517 76.30% 
48.51% 88.395 89.62% 10.012 76.44% 

Ultimate 6.576 100.00% 1.326 100.00% 96,633 100.00% 13,763 100.00% 

(2).(6) From Exhibit 7.2. 
(3) = (2) / (2) at Ultimate. 

(4).(6) From Exhibit 8.2. 
(5) = (4) / (4) et Ultimate. 
(7) = (6) / (6) at Ultimate. 
(9) = (a) / (a) at Ultimate. 

75.93% 
78.06% 

ABC Re’s 
Implied 

Reporting 
m!m 

(5) 

Exhibit 9.2 

All Policy Years for Insured 3 in its Coverage Block 
Cvmulative Indemnity end Expense 

ABC Re’s Implied 
on a Ground-Up In ABC Re’s 

Ground-Up Reporting Reinsurance 
Implied 

Reporting 

h!h!!! 
PI 



E 

Asbastoo 61 Model lor ABC Ae’r Insured 3 
Comparison of Ground-Up Indemnity & Expense vs. Indemnity & Expense in Layer 
Annual Inflation = 5.0% I Coverage Block = 25 Years 
($000’5) 

Exhibil9.3 

Insured 3’s 1968 Pchcy Year All Policy Years lor Insured 3 in ils Coverage Block 

Calendar 

Year 
(1) 

On B Ground-Up 
Ground-Up Reporting 

f Ws patnee 

(2) (3) 

1994 1.651 
1995 1,997 
1996 2.150 
1997 2,310 
1996 2.471 
1999 2,632 
2000 2,792 
2001 2,952 
2002 3.110 
2003 3,266 
2004 3.420 
2005 3.571 
2006 3.716 
2007 3,861 
2008 3.998 
2009 4.129 
2010 4.253 
2011 4,366 
2012 4,474 
2013 4.570 

Ultimate 6,246 

Cumulslive Indemnity and Expense 
Implied ABC Re’s 

121.161 From Exhibi17.3. ,.. . 
(3) = (2) I(2) et Ultimate. 

(4).(S) From Exhibit 8.3. 
(5) = (4) I(4) at Ultimate. 
(7) = (6) I(6) at Ultimate. 
(9) = (6) / (6) et Ultimate. 

29.63% 
31.96% 
34.41% 
36.97% 
39.55% 
42.12% 
44.69% 
47.24% 
49.78% 
52 26% 
54.74% 
57.16% 
59.51% 
61.79% 
63 99% 
66 09% 
66.07% 
69.91% 
71.61% 
73.14% 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

998 

Jii Ilil 

RePcuting 
pai3 

(9 

0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0 00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 
0.00% 

100.00% 

~Cumulalive Indemnity and Expense 
Implied ABC Re’s 

On a Ground-Up In ABC As’s Implied 
Reporting Reinsurence Reporting Ground-Up 

4 eatie 
(6) 

Pattern- -- 
(7) 

46,263 23.63% 0 0.00% 
49,921 31.56% 0 0.00% 
53,742 34.41% 0 0.00% 
57.752 36.97% 0 0.00% 
61.773 39.55% 0 0.00% 
65,793 42.12% 0 0.00% 
69.603 44.69% 92 0.74% 
73,792 47.24% 252 2.03% 
77,748 49.78% 463 3.50% 
61.656 52.26% 744 6.00% 
65,506 54.74% 1,000 6.07% 
69,277 57.16% 1.323 10.68% 
92,955 59.51% 1,715 13.64% 
96.516 61.79% 2.095 16.91% 
99.946 63.99% 2.461 19.66% 

103,223 66.03% 2.968 23.95% 
106.317 68.07% 3,546 26.62% 
109,205 69.91% 4.065 32.97% 
111.656 71.61% 4.560 36.96% 
114.246 73.14% 5.026 40.56% 

156,197 100.00% 12,391 100.00% 

t t il!f 



Asbestos BI Model tar ABC Re’s Insured 3 
Comparison of Ground-Up Indemnity 6 Expense vs. Indemnity lI Expense in Layer 
Annul Inflation = 0.0% I Covetsge Block = 25 Yews 
($000’s) 

Insured 3’s 1968 Policy Year 
Cumulative Indemnily and Expense 

ABC Re’a 
On a 

Ground-Up 
$.&gs 

63 

Implied 
Ground-Up 

Reporting 
m 

(3) 

In ABC Re’s Implied 
R&lSll~MW~ Repotting 

m Pansrn 

(4) (5) 

1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
2010 
2011 
2012 
2013 

Ultimale 

1,644 46.73% 
1,976 50.06% 
2,108 53.43% 
2,240 56.77% 
2.366 59.97% 
21486 
2,600 
2,708 
2.810 
2.906 
2,996 
3.060 
3,158 
3,230 
3,296 
3,356 
3,410 
3,458 
3,500 
3,536 

3,945 

&l<l; 
f2)./4 From Exhibit 7.4. 

63.01% 
65.90% 
66.63% 
71.22% 
73.65% 
75.93% 
78.06% 
80.04% 
81.86% 
83.54% 
65.06% 
86.43% 
87.64% 
66.71% 
89.62% 

100.00% 

All Policy Years br Insured 3 in its Coverage Block 
Cumulative Indemnity and Expense 

ABC Re’8 
On a 

lmplled 
Ground-Up In ABC Re’a 

Ground-Up 
h&s& 

(6) 

Implied 
Reporting 

Panern 

[4 

0 NA 46,095 46.73% 0 0.00% 
0 NA 49.395 50.08% 0 0.00% 
0 NA 52.695 53.43% 0 0.00% 
0 NA 55.995 56.77% 0 0.00% 
0 NA 59.145 59.97% 0 0.00% 
0 NA 62,145 63.01% 0 0.00% 
0 NA 64.995 65.90% 0 0.00% 
0 NA 67,695 68.63% 6 0.34% 
0 NA 70.245 71.22% 110 4.73% 
0 NA 72,645 73.65% 206 8.87% 
0 NA 74.895 75.93% 296 12.75% 
0 NA 76,995 78.06% 433 18.66% 
0 NA 78,945 80.04% 563 24.26% 
0 NA 60,745 61.86% 663 29.43% 
0 NA 62,395 83.54% 793 34.17% 
0 NA 83,895 85.06% 693 38.48% 
0 NA 65,245 66.43% 983 42.36% 
0 NA 86.445 67.64% 1,063 45.60% 
0 NA 87.495 88.71% 1,133 48.82% 
0 NA 88.395 89.62% 1.229 52.95% 

0 NA 98,633 100.00% 2,321 100.00% 

Exhibit 9.4 

i3j = (2) I (2) at Ultimate. 
(S).(8) From Exhibit 6.4. 

(5) = (4) I (4) at Ultimate. 
17) = (6) / (6) at Ultimate. 
(9) = (6) / (6) at Ultimate. 
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Asbestos Bl Model for ABC Re’s Sample Group 
Calculation of Range of Estimates of ABC Re’s Liabilities for the Sample Group 
($oows) 

Estimated Ultimate Loss & Expense for Sample Group of ABC Re’s policies ____.-- --__ __ __ ~-- ~~ ~--. 

Intlation=5.0% Inflatkm=O.O% lnflation=5.0% Inflalon=O.O% 
15 yr Cov Blck 15yrCovBlck 25 yr Cov Blck 25 yr Cov Blck 

Basehe Sceaak t5!al8ti Scen8riQ sseneti 
(1) Q) (3) (4) 

$173,044 $149.174 5139.581 $121,642 

(5) Selected Low End of Range $130.612 

(6) Selected High End of Range $161,109 

(7) Selected Best Estimate $153,485 

(1)From Exhibit 10.1. 
(2) From Exhibit 102. 
(3) From Exhii 10.3. 
(4) From Exhibit 10.4. 
(5)Average of Columns (3) and (4). 
(6)Average of Columns (I) and (2). 
(7) Welghted average of Items (5) and (6). The weights are 25% and 75% rospediwly. 

The weights were selected based on likelihood of each scenario. 

Exhibit11 



Wbil 12.1 

0 0 
0 II 
0 0 
0 0 

3.326 3.763 

2013. a 

0 0 
0 0 
0 0 
0 0 
0 0 

116 2.613 
116 2.*,3 

2.616 5.006 
116 2.613 

2,616 %ooo 
116 2,913 

78 1.942 
0 cl 
0 0 
0 9 
6 0 

5.776 23.5% 



,960 NO ABC Re PotIcy 
1961 No ABC Re Policy 
,962 No ABC Rs Policv 
1963 No A8C Ra Polic; 
,964 No ABC Re Pobcy 

,965 5/5/,00%/PfOR& 
,966 5/5/,00%/PrORC4ta 
1967 5,5,100%, ,“cl”*d in Lunl 
19% 515/10C%lP,OR& 
,969 5,5,,0096, Included an Lmu, 
,970 5,5, lOo%, Pro Rata 
197, 5,5,,00% , ,ndem Only 
,972 No ABC Re Policy 
,973 No ABC Re Policy 
,974 No ABC Re Policy 

1975-84 No ABC Ae Policy 

rut.4 

;i& No ABC Re Polk; 
,963 No ABC Re Pdicy 
,964 No ABC Re PC&; 
19% 5/5/100%1PIORt3!E 
,966 5/5/,0O%/PP3RZll~ 
,967 5 I5 I 100% I lncludsd in Limtl 
,966 515/,00%/Prc.Rat.¶ 
,969 515~,00%1lnclu&din!imfl 
1970 5/5/1W%IPIOAala 
1971 5 I5 / 100% I lndem On@ 
,972 NO ABC Re ParIcy 
1973 No ABC Ae Policy 
1974 No ABC Re Palicy 

,975-U No ABC Ae Policy 

TOM 

gg# 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

-izr - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

133 
0 

133 
0 
* 
0 
0 
0 
0 

266 

lsss g&7 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

r 2w7~ - - 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

263 393 
0 0 

263 363 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

526 766 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

493 593 
0 0 

193 593 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

966 1.166 

m 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

2010 

0 
0 
0 
0 
0 
0 
0 

693 
0 

683 
0 
0 
0 
0 
0 
0 

1,366 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 
0 0 
0 0 
0 0 

0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

0 
0 
0 
0 
0 
0 
0 

763 
0 

763 
0 
0 
0 
0 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 9 
0 0 0 
0 0 0 

633 693 1.576 
0 0 0 

933 893 1.576 
0 0 Cl 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

, ,526 1.666 1.786 3.151 
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,962 
1963 
1964 
196.5 
,966 
1967 
1969 
1969 
1970 
197, 
,972 
,973 
1974 

1975-94 

TO14 

WtdthlAUch PU 
% Share, Expanses 

.B in rnillionr) 

No ABC Re Policy 
No ABC As Policy 
No ABC Rs Policy 
No ABC Re Policy 
No ABC &P&q 
5/5/,0O%/ProAala 
5/5/,06%/PIOA~ta 
5/5/,OOBIlncludedintimi, 
5 I 5 , 1 oc% , Pro R& 
5 I5 I 100% /Included &n Limit 
5,6,106%,P,oR* 
5/5IlO(P+/lndemOnly 
No ABC Re Policy 
No ABC Rs Policy 
No ABC Ae Policy 
No ABC Re Policy 

1961 
1962 
,963 
,964 
1965 
1966 
196, 
,966 
,969 
,970 
,971 
,972 
1973 
,974 

,975-M 

TOti 

No A”C Aa Policy 
No ABC Re Policy 
No ABC Ae Policy 
No ABC Re Policy 
No ABC Ra Policy 
5,5,10c%,ProR* 
5/5/,0O%/PmRata 
5 / 5 / 100% I Included in Limi, 
5/5/~0u?&,ProRa,a 
5 / 5 / 100% I Included in Limit 
5,5,lOO%,ProRata 
5,5,100%, lndem Only 
No ABC Re Policy 
No ABC Re Policy 
No ABC lie Policy 
No ABC Re Policy 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

2004 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

,-.. 
?om 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

2m 2mz 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
Cl 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

ct!?!B 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

ZCLK 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

~__ 
zali 

0 
0 
0 
0 
0 
0 
* 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

z!s? 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

2012 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

ExhibR 12.3 

0 
0 

3&3&&!&e 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1.248 
0 0 
0 1.246 
0 0 
0 0 
0 0 
0 0 
0 9 
0 0 

0 2.196 



,960 No ABC Re Policy 
1961 No ABC Rs Policy 
1962 No ABC Rs Policy 
,963 No ABC Re Policy 
1964 No ABC Rs Policy 
1965 5/5/foo%/ProRala 
,966 5/5/1oc%/ProRata 
1961 5 /5 / 100% /included in Llm,, 
,968 5/5/100%IProRata 
1969 5,5,10096, locluded 10 L,m,l 
,970 5/5/10C%/ProHala 
1971 S/5,100% , lndsm Only 
,972 No ABC Re Pokey 
1973 No ABC Re Policy 
,974 No ABC ne Policy 

1975-84 No ABC Re Pobcy 

% Share, Expenses 
p~!Lcyy~~l p&Ell!Q% 

,960 NOAEC Re Pohcy 
,961 NO ABC Re POllCY 
1962 No ABC Re Policy 
1963 No ABC Re Policy 
,964 No ABC Rs Policy 
1965 5,5, 100% , Pro Hala 
,966 5/5/10ak/ProRata 
1967 515, 100% , Included I,, I ,m,, 
,968 5,5,10o%/ProRata 
,969 5/S, lOC‘%, Included I” L,ml, 
1970 5,5, loo?&, Pro Rata 
,971 5 ,5, lOO%, lndem Onlv 
1912 No A”C Re Pokey 
,913 NO ABC Ra Policy 
,974 No ABC Re Policy 

1975-61 No ABC Re Policy 

Total 

lsor 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

?oM 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

gg 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

2005 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

1996 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

iOB 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

m 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

2007 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 0 
0 0 
9 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

~ calenda! Yea! 
2m!s zg@ 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

3siF - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

TO!00 - 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

-^_ 
g&g 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

-- 
2m 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

z!m 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

Exhibit 12.4 

0 
0 
0 
0 

0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 



Exlrap~Iatlon Uelhod 1 using ABC Re’s Sample Group 
Calctaffon of P-f of Exposure Emfed by Layer by Tier 

Exhibit 13 

IExampleCalurlEan dM~eox~r~2,ssMgi~~ I 

Expos= Projected Ultinate loss and Expense Iran 61 yodel 

Ming inlheliy .~~_ -- er Assuming each ABC Re Polka is S5SM Xs $5M ~~~~ 
l?rchPo8cy 5xhmn O%lllfttn Avarage of xii&i- a% Iii&- %iii& of Wld 75% 15 Yr 

$55M XS 15 Yr Spread 15 Yr Spread 15 Yr Spread 25 Yr Spread 25 Yr Spread 25 Yr Spread WId 26% 25 Yr 

Name TE SM -.-.- sceMdo Scenario scenafios -_ scena!k Scenario Scenarios ---- erg 

Insured Co 3 2 35.0 23.6 3.2 13.4 2.5 0.0 1.3 10.4 
lnsuradc07 2 40.0 33.6 7.8 20.7 6.0 0.0 3.0 16.3 
mtmdc0a 2 40.0 37.9 10.9 24.4 8.5 0.0 4.3 19.4 
lnsuredco9 2 40.0 35.7 9.4 22.6 7.2 0.0 3.6 17.8 

Insured Co 11 2 io:!! 35.7 9.9 22.6 T-2 00 3.s !?.a 

195.0 166.5 40.7 103.6 31.4 0.0 15.7 61.6 [ .- 

rpr 

1 

2 

3 

4 

._4xl 



Extrapolation Method 2 using ABC Re’s Sample Group 
Calculation of Case Incurred Loss Development Factors 

Exhibit 14 

Cejncurred Loss and Expense Development Factor by Tier for 
5 % lnfltn 0 % lnfftn 5 % lnfitn 0 % lnfltn 

15 Yr Spread 15 Yr Spread 25 Yr Spread 25 Yr Spread 
Tier Scenario Scenario Scenario Scenario 

Tier 1 1.959 1.958 1.898 1.841 
Tier 2 8.909 4.975 3.814 1.014 
Tier 3 20.372 5.595 4.655 I.041 
Tier 4 20.127 14.739 9.578 6.085 

E ch Wtd 75% 15 Yr 
Case Incurred Loss and Expense Percent Reported bv Tier for _ Wtd26%25Yr Selected 

5 % fnfltn -O%lnfltn -?vx& of 5 % lnfftn 0 % lnfttn Average of Average Development 
15 Yr Spread 15 Yr Spread 15 Yr Spread 25 Yr Spread 25 Yr Spread 25 Yr Spread % Reported Factor 

Tier _- _- --_ Scenario Scenario Scenarios Scenario Scenario Scenarios --.- m &m 

Tier 1 51.05% 51.07% 51.06% 52.69% 54.32% 53.50% 61.67% 1.935 
Tier 2 11.22% 20.10% 15.66% 26.22% 98.62% 62.42% 27.36% 3.656 
Tier 3 4.91% 17.87% 11.39% 21.48% 96.06% 58.77% 23.24% 4.304 
Tier 4 4.97% 6.78% 5.88% 10.44% 16.43% 13.44% 7.77% 12.875 

Notes: - Development factors from Exhibit 10. 
- Percent reporled equals reciprocal of appropriate development factor. 
- Weighted average of percent reported for the four scenarios judgmentally selected. 
- Selected development factor equals reciprocal of weighted average percent reported. 
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Extrapolation Method 3 using ABC Re’s Sample Group 
Calculation of Percent of Exposure Exhausted hy Tier 

Exhibit 15 

Wtd75% 15Yr 
Utimate Loss & Expense as a Percent of Exposure for Wtd26%26Yr 

5 % lnfhn 0 % lnffttl Average of 5 % lnfltn 0 % lnfltn Average of Average Percent 
15 Yr Spread 15Yr Spread 15 Yr Spread 26 Yr Spread 26 Yr Spread 25 Yr Spread of Exposure 

Tic Scenario Scenario Scenarios Scenario Scenario Scenarios Exhausted bv Tiir -..-- 

Tier 1 113.2% 113.2% 113.2% 109.7% 106.4% 108.1% 111.9% 
Tier2 47.1% 26.3% 36.7% 20.2% 5.4% 12.8% 30.7% 
Tiir 3 12.3% 3.4% 7.9% 2.8% 0.6% 1.7% 6.3% 

F2 
Tier 4 1.8% 1.3% 1.6% 0.8% 0.5% 0.7% 1.3% 

.I 

Notes: - Percent of exposure factors from Exhibit 10. 
- Weighted average of four scenarios judgmentally sefected. 
- Some percent of exposure factors bigger than 100% because of policies with 

pro rata expense treatment. 



Extrapolation Uethod 4 using ABC Re’s Sample Group 

Calculation of Average Uttimate Loss and Expense by Tier 

6 in MH)‘s) 

Ultimate Loss & Expense by Scenario by Tier 
5%lnfmt OXlMftll 5%lllfttfl 0 % Infltn 

15 Yr Spread 15YrSpread 
Scenario Scenario -__ -__ 

25 Yr Spread 25 Yr Spread 

Scenario Scenario _-.-.- 

Number of 

Sample Group 

lnsureds 

by! 

Tier 1 123.911 123.662 120.074 116.459 3 

Tier 2 40.961 22.665 17.543 4,663 5 
Tier 3 7.741 2.126 1,769 396 5 

Tier 4 411 301 195 124 2 

Average Ultimate Loss 6 Expense by Scenario by Tikz! --.--- - 
5xtnfttn 0 % lnfltn Average of 5 % tnfltn 0 % lnfltn 

15 Yr Spread 15 Yr Spread 15 Yr Spread 25 Yr Spread 25 Yr Spread 

Scenario Scenario Scenarios Scenario Scenario -- 

Average of 
25 Yr Spread 

Scenarios 

Wtd75% 15Yr 
Wtd 25% 25 Yr 

Average 
Ultimate Loss 

&Expense 

Tier 1 41.304 41.207 41.266 40,025 36.620 39,422 40.627 

Tier 2 a.196 4.577 6,307 3,569 933 2.221 5,345 

Tier 3 I ,548 425 987 354 79 217 794 

Tier 4 266 151 178 90 62 80 153 

Noles: - Uttimate loss and expense from Exhibit 10. 

- Number of sample group insureds by Tier from Exhibit 10. 
- Weighted average of four scenarios judgmentally selected 

Exhibit 16 
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Forecasting Mass Action Losses 
Using a Hybrid Development Model 

by Roger Hayne 
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FORECASTING MASS ACTION LOSSES USING A HYBRID DEVELOPMENT MODEL 

by Roger M. Hayne 

Mass action losses often emerge differently than other losses for a line of business. Using 
asbestos as an example, general liability development began to show some unexpected late 
development in the late 1970’s and early 1980’s. Afler some investigation it was concluded that 
much of this development could be attributed to asbestos related claims. In addition these 
claims did not seem lo exhibit the dependence on accident year age that other general liability 
losses usually experience. Thus, it could be concluded that normal development methods may 
not be appropriate for forecasting such losses. 

One alternative that has been considered is to assume that future emergence of asbestos losses 
will depend not on the age of the particular accident year, but on the valuation year of the 
particular losses. This assumes future development of all losses would be the same, 
independent of the accident year. In this paper we will propose an alternative, hybrid, of these 
two models (pure accident year and pure calendar year). In the hybrid model we will allow the 
data to dictate what mix of the two models best tits the experience emerged to date. The 
method itself is not very difficult to implement in practice. Given numerical solution methods 
available in current personal computer spreadsheet software, PC solutions can be generated in a 
very short amount of time. 

We discuss the concept and support the discussion with examples applied to some real-but- 
disguised data. We then explore an approach that to apply what is learned from this asbestos 
example to other situations with example hazardous waste data as an example. The concepts 
could apply to other mass action types of exposure and provide a separate, independent, test of 
results implied by other forecast methods. 

Biography 

Roger Hayne is a Fellow of the Casualty Actuarial Society, a Member of the American Academy 
of Actuaries and a Consulting Actuary in the Pasadena, California office of Milliman & 
Robertson, Inc. (M&R). He holds a Ph.D. in mathematics from the University of California and 
joined M&R in 1977. Roger has been involved in reserve estimation for a wide range of property 
and liability coverages with emphasis on exposures with longer tails and in situations where full 
data may not be readily available. 
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FORECASTING MASS ACTION LOSSES USING A HYBRID DEVELOPMENT MODEL 

f. Intmducfion 

Mass action losses, such as those arising from asbestos, DES, or hazardous waste exposure. 

often emerge differently than other losses for a line of business, and may affect usual actuarial 

projection methods for that coverage. Insurer experience with these various sources of claims 

are not all at the same stage of maturity. The industry has been dealing with asbestos,related 

claims for some time, whereas claims from hazardous waste sites, DES, or potentially silicone 

implants, are not quite as mature. The emergence of asbestos claims may provkfe some insight 

into the potential future emergence for other claims from other sources. 

For example, general Ilability development began to show some unexpected late development in 

the late 1970’s and early 1980k. After some investigation, insurers began to conclude that much 

of thii development could be attributed to asbestos related claims. When such unusual events 

affect development patterns. H Is not unusual for the actuary to consMer such claims separately 

when analyzing the experience for reserves. First attempts to deal with such losses may have 

been to separate asbestos losses from other claims and develop them separately, possibly using 

development from some other, longer tail, business. 

However, the asbestos claims did not seem to exhibit the dependence on accident year age that 

other general liability losses usually experience. Rather, lt seemed that asbestos claims 

emerged for most accident years, whether relatively old or relatively new, at pretty much the 

same time. For example, the percentage increase in asbestos related claims coded to 1968 

accidents during 1982, might have looked very similar to that for asbestos related Claims coded 

to 1975 accidents during that same year. 

There are many characteristics of these claims that could help explain this. One problem is in 

identifying the “accident date” for a particular claim. Claimants may have been eXpWd over a 
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span of years, with asbestos related injury not manifesting itself for many more years. 

Compounded with this are WiOUs court decisions regarding coverage triggers and indicating 

which policies are to respond to what losses. Thus, there may be practical questions as to which 

accident year or years the losses for a particular claim should be assigned. 

Technical elements were not the only influence. With the emergence of asbestos related claims 

came inoreased notoriety of the hazards of asbestos exposure, and the likelihood that 

compensation may be available for injured claimants. Thus, claims may have been reported 

more because of this notoriety than, because of the time lag from the accident. 

Still another complication arises from additional “waves” of asbestos related losses. For 

example, losses related to asbestos abatement, or containment, have been emerging recently. 

There are also recent reports of claims being advanced against owners’, landlords’ and tenants’ 

policies, and liability policies for coverage other than products liability, which were thought to be 

relatively free of asbestos risk. 

Thus, it could be concluded that normal development methods may not be appropriate for 

forecasting such losses. Compounding this ditficulty in the past has been the relative scarcity of 

data available. Thus actuaries, as in many similar situations, have constructed models of the 

underlying exposure, latency period, emergence and costs of asbestos claims to estimate 

reserves for carriers. These models are oRen very sophisticated and may incorporate both the 

potential exposure of all workers and an insurer’s exposure based on tts insureds over time. 

One particularly difflcult aspect of such models, however, is incorporating them wlth losses that 

are emerging to the insurer. Often the insurer’s own data base may be too large to ignore and 

may be exhibiting loss emergence different from what would be predicted by these models. 

Thus, some alternative may need to be found to incorporate the insurer’s experience. This leads 

us to consider alternative models that incorporate the insurer’s own development experience. 
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One alternative to the traditional a&dent per&d loss development method that has been 

considered is to assume that future emergence of asbestos losses will depend on the valuation 

year of the particular losses, rather than on the age of the particular accident Year. This 

assumes that the future rate of development of all losses would be the same, independent of the 

accident year. This assumption potentially ignores latency periods inherent In asbestos Claims. 

Of course, aggregating all claims of a particular age loses the advantage of the traditional 

accident year development method of being able to “learn” from the emergence of older accident 

years. Wtth this approach there is but one “accident” year, composed of all claims. Several 

attematives have been advanced to deal with this problem. One is to assume a particular loss 

runoff curve and ffi it to the data. Another is to assume that asbestos claims are somewhat 

similar to general liability claims, or to some other group of claims with more or less well known 

emergence characteristics. One could then assume that future asbestos emergence would be 

similar to the emergence of an appropriately mature accident year for the selected coverage. 

There may be some attractiveness to this approach. It could be argued that now the legal 

climate for asbestos claims may be much more settled and may actually be similar to that for 

other liabitity claims. Hence, the argument would proceed, that one could expect future 

movement of these total asbestos claims that have been known for, say, five years, to be 

similar to future movement of a five-year-old accident year of liability claims. 

In this paper we will propose an attemative, hybrid. of these two development models (pure 

accident year and pure calendar or valuation year). In the hybrid model, we will allow the data to 

dictate what mix of the two models best fits the experience emerged to date. The method itself 

is not very difficult to implement in practice. Given numerical solution methods available in 

current personal computer spreadsheet software, PC solutions can be generated in a very short 

amount of time. 
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Stepping back for a moment, we note that the above discussion indicates that asbestos claims 

experience has passed through several stages: 

1. General liability losses started to experience some late development, though the losses were 
not separately analyzed. 

2. Unusual development continued with the cause identified as asbestos claims, those claims 
removed from general liability data and developed separately, possibly using some other, 
longer tail, development. 

3. Exposure based models were developed to estimate asbestos losses, oRen from an all- 
industry or individual insured basis. These models oRen required significant amounts of 
exposure and claims data and are based on the underlying asbestos exposure, health 
effects, and assumptions regarding costs. 

4. Insurers have developed more experience in dealing with asbestos claims, and the legal 
environment is more certain than in the early stages of asbestos litigation. Insurers are 
collecting separate asbestos loss data and there may be differences between actual 
emerged experience and that expected by exposure models. 

5. There may be sufficient data to consider emergence models based on those data. These 
models could be used to augment exposure based model estimates. 

It may not be unreasonable to expect that other mass action claims would follow a similar life 

cycle. If this is the case, we could draw from what we have learned from asbestos movement, to 

obtain a better understanding of the future development potential for other mass action claims. 

For example, it appears that hazardous waste claims are in the third stage above, but there is 

Claim experience emerging. Other loss causes, such as DES, or silicone implants are, of course, 

at other stages of maturity. It is possible, however, to consider the models used to analyze 

asbestos emergence, to gain additional insight into future emergence for these other loss 

causes. Rather than proposing these alternatives as replacement for other methods, we believe 

that they can be used as separate, independent, tests of results implied by other forecast 

methods. 

*I 
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In the remainder of this paper, we will first discuss the use of development from other coverages 

as a model of future asbestos experience. At this point we will introduce a hybrid of pure 

calendar year and pure accident year models. We will then discuss fitting this hybrid model to 
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asbestos loss data, rather than depending on the emergence from other souroes. Finally, we will 

present an example of using this fitted asbestos emergence pattern to estimate future hazardous 

waste losses. 

2 Notation and Defintiions 

We will denote by XJ cumulative losses for accident year i at j years of development and by Df 

the development factor for accident year i fmm year j to year j+l, i.e. D#=X&$. The 

traditional accident year development model selects factors d,. d,, . .., d, , with the forecast for a 

particular accident year at age j: 

(2.1) X, = X,fid, = X#f(jj 
k-1 

In the traditional methods, the factors d,,d,,..., d, are usually selected using the historical 

factors Di, with dj usually selected considering historical factors at age j; Dr 

Implicit in this method is the assumption that the development of losses for each a&dent year is 

dependent only on the age of that accident year. So, under these assumptions, the movement 

of older accident years at a particular age is indicative of movement to be expected for more 

recent years at that same age. In the usual development triangle format, this assumes that, 

except for random fluctuations, development factors at a give age are constant. 

As discussed in the first section (Introduction) above, there are many characteristics of asbestos, 

hazardous waste, and other mass action losses, that may violate this implicit assumption. Thus 

we search for alternatives. 

One such alternative assumes that the accident date assigned to a claim is not particularly 

relevant to its potential for future development, but rather, it is the valuation date that determines 

future development. Under this alternative, ail claims will experience the same future 



development. In the case of asbestos and hazardous waste, there may be some attradlon to 

this model. In both cases, the date of the occurrence may have less of an influence on future 

development than for most other claims. If we were to accept this assumption, we would then 

model future development, by assuming that all losses are at the same age. In this case for 

accident year i, currently at age j, the forecast becomes: 

(2.2) Xb =X,fid, =X,f(j+j) 
k-j+/ 

In the usual development triangle, the quantity i+ j is constant along the diagonal wlth 

i+ j= n + 1, where n is the number of columns (assuming annual development of annual data). 

In this case, the estimates of the development factors dk might not follow the traditional 

approach, but are similar to the problem of estimating a factor to account for development 

beyond that available in historical data. Such factors are oRen dubbed “tail” factors. 

Neither set of assumptions, however, appear to be completely satisfied. On the one hand, we 

would probably not expect the future development on accident year 1975 asbestos claims aRer 

1994, to be the same as the development of accident year 1965 asbestos claims aRer 1984. If 

this is the case, the pure accident year method may not be appropriate. On the other hand, we 

may expect that there is more development potential aRer 1994 for accident year 1985 asbestos 

claims, than for 1965 claims. If this is case, the pure calendar year method may not be 

appropriate. 

Reviewing formulae (2.1) and (2.2), we note that they can be thought of as two extremes of the 

more general model: 

(2.3) Xb =X#f(j+Od), Orarl 

The pure accident year model results from the case cz = 0 and the pure valuation year model 

results from the case cz = 1. The factor estimates in this case are less clear, especially since, at 



least theoretically, we could require factors at non-integral ages. However, given f, the 

corresponding development factors can be calculated as: 

(2.4) d(/+ ai) = f(i+ “i) 
f(j+ ai + 1) 

If a is between 0 and 1, the model will fall between the development implied by either the pure 

accident year or the pure valuation year model. In this case, later accident years will be 

considered as less mature than earlier accident years, but not at the normal one-for-one rate 

inherent in the pure accident year model. 

For example, in the pure accident year model, the future development for accident year 1972 

aRer 1996 would be the same as that for accident year 1970 aRer 1994. If a = 0.5 in the hybrid 

model, the futura development for accident year 1972 aRer lQQ5 would be the same as that for 

accident year 1970 aRer JJ& 

Hence, if a is between 0 and I, implicit in this hybrid model is the assumption that each accident 

year is successively less mature than the prior year, but only by a fraction of a year. Similar to 

the pure accident year and pure valuation year models, we implicitly assume that, except for this 

difference in maturity, all accident years will develop the same. 

If we assume that the underlying development model is hybrid, as opposed to purely accident 

year or purely valuation year, then estimating the development factors is not as readily apparent 

as in the usual development factor method. In the pure accident year case, actuaries oRen 

consider the factors for older accident years at a given stage of development, to estimate the 

development for later years. The hybrid model, however, loses this convenient means of 

estimation since, without prior assumptions regarding Q, we do not know the differences in 

relative maturity between accident years. 
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For this reason, in the applications we will present, we will use smoothed development models 

and allow the data to provide an estimate of a, along with the other parameters of the smooth 

models. We again caution that this proposed approach is not a substitute for a thorough 

understanding of the exposures being reserved for. Rather, it is an attempt to provide another 

check on other methods, incorporating loss experience that has already emerged. 

3. Development Models 

Lacking sufficient development information, a first approximation actuaries often make is to use 

development for another, and possibly related, coverage or group of insurers writing similar I 

business Actuaries often consider the development from peer companies as available from 

such sources as A.M. Best Company, Inc., the Reinsurance Association of America, published 

flnancials or rate filing materials. 

.- 

It could be argued that asbestos claims have been known for some time and that the legal basis 

for such claims is relatively well defined. It would follow that general liability development 

experience (excluding pollution, asbestos, and other mass action claims) may provide a 

reasonable basis for extrapolating future development. The first column of Exhibit 1 shows 

some sample general liability development. 

These sample factors show some continued movement even far out in the tail. Thus we will not 

assume that the development is finished, but rather we will fit some sample development curves 

to smooth the factors and extrapolate future development. We acknowledge that there are a 

wide variety of models available, so for illustrative purposes, we have confined this discussion to 

three, fairly simple, models. We emphasize, however, that the methods we will present here are 

not restricted to these three simple models, but can be adapted to a wide range of assumed 

future development. 



There have been several forms of future development mentioned in the literature. For example, 

Sherman 111 suggests the use of an inverse power function to model future development and 

also discusses an exponential variation of this curve among others, Weller (2) in his discussion 

of generalized Bondy development suggests an exponential decay model for development 

factors, and Zehnwirth [3] suggests the use of Hoer-i curves to model loss runoff and in [4] 

suggests various regression models. In addition, we have found that a Weibull distribution oRen 

provides a reasonable model of loss runoff over time for certain coverages. 

3.7. Exponential Devefopment Modet 

In this model we assume that the development factor from age t to WI is given by: 

(3.1.1) d(*)(t) = I+ ae-e 

where a and b are constants. We usually require b>O to assure that the factors decay over 

time. 

3.2. Inverse Power Curve Model 

In this model we assume that the development factor from age t to age t+l is given by: 

(3.2.1) d(‘)(t) = 1 + at-b 

where a and b are constants. Again we require b > 0 to assure that the factors decay over time. 

It is clear thaf these two models are related. in fact, d(t) is inverse power, if and only if d(ln t) is 

exponential. 
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3.3. Weibull Model 

In this case, we note that a Weibull distribution can be parameterized such that the cumulative 

density function can be written as: 

(3.3.1) 

If we then assume that the percentage of losses at time t equals F(Q, then we obtain: 

(3.3.2) d(“)(t) = 
1-e ia) 

, , 

1 -e-(-) . 

Again, to assura convergence, we raqulra that 8~0. In addition, to assure that F(f) is Increasing, 

we will require that br0. 

We will include example calculations with exponential, inverse power and exponential models. 

Again, we emphasize that these three models are selected here more for convenience, than due 

to any inherent limitation in the methods we will discuss. The same methods could be used for a 

wide range of smooth development models. 

Exhibit 1 also shows frts of these three models to the sample development data shown in the tkst 

column. Rather than linearizing the exponential and power models, as is usually done, we 

selected parameters that directly minimized the total weighted square errors between the sample 

and fitted factors. For this we used numerical methods to minimize the appropriate error 

function. Since our primary interest will be in the “tail” development, we selected the square of 

the number of years of development as the weights in our fits, thereby giving more weight to 

fitting of the tail in the various distributions. Also shown In Exhibit 1 are the resulting residuals, 
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the total of the residuals (Or bias), and the weighted total square residuals for the three flts. 

From these fits we conclude that the Inverse power curve provides the best fit of those sampled. 

As an aside, the following table compares the results of fitting a power and an exponential to 

these factors, minimizing the &li& sum of the squared residuals, sometimes called nonlinear 

regression, with the results of the “usual” linearized approach, i.e. applying linear regression to 

the natural logs of the development factors minus I : 

COMPARISON OF LINEARIZED AND NON-LINEAR REGRESSION FITS 

Linearized Fin Nonlinear Fit 
m Exoonential m Exwnential 

: 1 I.522 A97 0.314 0.153 1.970 1.630 4.971 0.942 
Total Error 0.640 2.041 -0.024 0.719 
Square Error 0.245 3.084 0.006 0.067 

We note that the nonlinear lit used in the above table gives equal weight to the square of each of 

the errors, which is the assumption of usual linear regression. Thus, the parameters and error 

terms do not agree with those shown in Exhibit I. 

3.4 Additional Notation 

Our first approximation, then, will assume that future asbestos development patterns will be the 

same as general liability development, that is, we will use the curves from Exhibit 1 as the basic 

development model, but we will select the parameters based on actual emerged asbestos losses. 

Thus we will assume that f(j+pi) will have the form: 

(3.4.1) 
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for some possibly negative value of the parameter/. Here j adjusts for any lag that may be 

inherent in the actual development experience, from that inherent in the un-lagged model. In 

this section we consider three of many possible representations for the function d’“)(k). 

Of course. the actual model selected will significantly influence the ultimate loss projections for 

this method. This is no different than any other actuarial projection method. In practice we 

would select the development model that we would expect to most closely follow the expected 

future development. For example, if we found that general liability development patterns closely 

paralleled a power curve and we assumed that mass action losses would develop similar to 

general liability losses, then a power model would be the natural first choice for asbestos 

development. In addition, if we suspected additional complications in the mass action IWies, for 

example additional “waves’ of asbestos claims, we could modify the model accordingly. Thus 

the nature of the exposure, and the development inherent in the various models, should be 

considered in selecting the development model to use. 

Exhibit 2 shows example asbestos loss development based roughly on some actual emerged 

experience. Although these are asbestos data, we note that these methods could also be 

applied to estimate development data for other mass action type of claims. I- .._ 
= 
.- 

Though a bit of a digression at this point, Exhibit 3 shows the resulting development factors with 

selections corresponding to the “column sum” method as described by Stanard [S]. These 

factors may be similar to those we would select if we use a traditional development factor 

method to forecast losses. 

The factor for development after 312 months is based on the tit of an exponential curve to the 

selected development factors less 1. Though not shown, this method results in an ultimate loss 

estimate of approximately $136 million for all years combined, based on a total of $13.3 million 

in incurred losses. Had we used the inverse power curve as suggested by Sherman in [l] to 

estimate the “tail,” the resulting factor would have been approximately 11.5 with an ultimate loss 
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estimate of more than $500 million. If the observations in section 1 (mttoduction) above 

regarding the emergence of these claims are correct, the emergence of these losses do not 

satisfy the assumptions of the development factor method; thus, the resulting estimates would 

not be appropriate. 

If, now, we were to use the fitted power curve from Exhibit 1 and the pure valuation year 

approach described above, we would set a = 1. If we assume that since the first losses emerged 

in 1984, then all losses would develop as would general liability for accident year 1984. Here we 

would have p = -18 since accident year 1968 at 1984 is at 17 years of development. If we 

select the power model, this results in an indicated age-to-uftimate factor of 1.617 and ultimate 

loss forecast of $21.5 million. 

These estimates also ignore information present in the data. We could assume that the 

emergence will follow the fitted power cutve from Exhibit 1 but with a and p values filed to the 

development factors in Exhibit 3. We address our approach to estimating these parameters in 

the next section. 

4. Parameter Estimation 

Our problem now is to estimate the parameters a and p using historical data. We will use 

numerical methods to minimize a selected error function that compares actual loss emergence 

with that expected from the particular model. One emor function that suggests itself is the usual 

square error 

Of course, least squares regression is based on minimizing this error function. We note. 

however, that if we would expect different values to have different variances, this particular ermr 
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function may not be appropriate since all differences will be given equal weight. We thus seleot 

an error function that Is more akin to a chl-squared test: 

(4.1) 

Here we compare the actual payments for accident year i, age j; Xr, with the (one period) 

forecast from the model; Pu, using an error term like that used in chi-squared tests. 

If we assume that the expected losses at age j can be given by: 

(4.2) q{a.p) = X&+m)(p+ i- l+ti]a,b) 

where m could refer to any of the models described above and we let De, denote the actual 

development factor from time j-1 to time j for accident year i, then the error function in (4.1) 

becomes: 

‘:’ 
..- 

(4.3) 

=~d’“‘(B:;ll+ai) 
(D,, -d’m’(,8+j-l+ai)) 

Thus, our selected error function weights the square of the difference between observed and 

fitted development factors proportionate to the size of the prior losses and inversely 

proportionate to the size of the fmed development factor itself. Given the general expectation 

that the lower the initial losses or the higher the development factor, the more variation is 

inherent in that factor, this may indeed be a reasonable weighting of the factors and is probably 

preferable to the uniform weighting provided in the usual sum-of-squares error function. 

We acknowledge that this is simply one approach to weighting the individual errors and that 

othen are possible. Following Klugman [5], we note that practical considerations are often valid 

reasons for weighting errors differently than what may be “optimal” from purely statistical 
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reasoning. We note that this weighting scheme gives more weight to more mature (larger3 data 

in the development tall. The resulting fitted surfaces will tend to track the tail more closely than a 

pure regression model and hence may be more useful for extrapolating future development. 

5. Example Calculations 

Page 1 of Exhibit 4 shows the results of using the power curve parameters a and b from Exhibit 

1 and fitting the parameters a and fi using the error function discussed in section 4 (Estimating 

Pensmeters). Page 2 of Exhibit 4 shows the forecast future factors along with the resulting loss 

forecast of $20.4 million, Page 3 of Exhibit 4 shows the one-year forecast error for this model; 

that Is, the difference between the actual losses in the cell with the one-year model fOreCaSt for 

that cell. For example, on page 1 we see the fitted factor for accident year 1970 development 

through 1987 is 1.242. When applied to the losses through 1988 of $000 thousand, this provides 

an estimate through 1987 of $745 thousand, which is $155 thousand above the actual $590 

thousand for that age. 

This example assumes that the fitted power curve from Exhibii 1 is the proper development 

model to be used to estimate future development. This ignores, however, development data in 

the data. There is nothing in the foregoing discussion that requires us to use that fitted CuNe. 

We will use the data and estimate the three parameters a, b, and a. Since we are estimating all 

the parameters, we will take fl=O. We again minimize the error function from section 4 

(Estimating Parameters) for each of the three models. Exhibits 5 through 7 parallel Exhibii 4 but 

use the fitted exponential, power, and Weibull curves respectively. 

We see that the power curve again results in the smallest of the error functions; 3,378 compared 

with 3,404 for the exponential and 3,561 for the Weibull. The forecast accuracy test shown on 

page 3 of those exhibits show a slightly different picture. In this case the exponential model has 

the smallest absolute total error, with the Weibull second and power third. Without additional 

275 



assumptlons regarding the underlying distributions for these models, we cannot now say if these 

differences are statistically significant. We note, however, that the inclusion of the parameter cc 

does affect the fits as summarized by the following table: 

COMPARISON OF RESULTS FOR VARIOUS MODELS 
Model 

ExDonential Powet Weibull 

Pure CY Model (a = 1) 
Weiahed Error 3.701 3.669 3.831 
Bias 
Forecast 

-$1:650 -$I;621 -$1:848 
$22,687 $29,050 $15,285 

Pure AY Model (a = 0) 
Weighed Error 3,722 3,719 3,724 
Bias 
Forecast 

-$1,738 -$I,917 -$I ,907 
$101,224 $338,523 $88,321 

Hybrid Model (a fitted to data) 
Welghed Error 3,404 3,376 3,561 
Blas 
Forecast 

-$I ,539 -$I ,580 -$I ,577 
$22,710 $30,868 $16,183 

. 
= 

NOTE: 
1. Dollar amounts are in thousands. 

Since our primary concern is to forecast future development, we note that the one-year forecast 

error of 1993 losses for the Weibull model is positive, indicating that the model, on the average, 

underestimated the development during that year. On the other hand, the one-year errors for the 

exponential and power models are negative, indicating an average overstatement. If these 

errors hold for future forecasts, they may lead to the conclusion that the exponential and power 

models may slightly overestimate the tail while the Weibull model may understate it. 

Exhibii 8 provides another, “ex-ante,” test of the models. In this exhibit we compare the actual 

calendar year 1993 factors by accident year with the forecasts from the three models. In this 

case, however, the models were fitted to data through calendar year 1992 only. That is, this 

exhibit shows the actual forecast accuracy of the three models considered. The total errors are 

reasonably small with the exponential having the smallest absolute total prediction error, 
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followed by the power model, with the Weibull model third. As above, the power and exfXXIantial 

models tended to overstate losses while the Weibull model tended to underestimate it. 

The projections from the three models, as shown on page 2 of Exhibits 5 through 8. are $30.9 

million for the power, $22.7 million for the exponential and $16.2 million for the Weibull. The 

above tests tend to suggest the power and exponential models may ba batter predictors in this 

case, wlth the Weibull generally lacking In all regards. One gnal test may tend to C0nflI’rII thaM 

observations. If we compare the actual factors at the top of page 2 of these exhibits wtth the 

forecast factors shown in the bottom portion, we may conclude that the Weibull model decays 

more rapidly than we would expect, given the data in the top portions. The same obselvatlon 

could arguably be made regarding the exponential model, though it is not as apparent. Based on 

these observations. we may thus conclude ultimate losses in this case to be In the neighborhood 

of $25 to $30 million. 

6. Application to Example Pollution Development 

Exhibit 9 shows some example pollution development data. As wtth the asbestos data in Exhibit 

2. these data ara toughly based on Some actual emerged experience. We will assume that each 

of the fitted asbastos models provide reasonable approximation to the future development of 

these pollution losses, but that the development is lagged by Some unknown amount. As with 

the general liability development data from Exhibii I, we will use the fitted curves but solve for 

the single added lag parameter Busing numerical methods to minimize the error function (4.3). 

Exhibit 10 through 12 summarize the results for these fits. These exhibits contain the same 

information as Exhibits 5 through 7; however, since the pollution data have only been available 

for the past three years, we are able to compress the format. Ail three models seem to indicate 

an approximate 3.5 year lag in pollution emergence relative to asbestos v Values near -3.5). 
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That is, under these very specific assumptions, pollution now is expected to develop as asbestos 

did three and one-half years ago, even though the actual emergence lag shown is seven years. 

In this case the exponential model has the smallest error function, followed by the power and 

then the Welbull. All of the models had a tendency of underestimating 1992 losses and 

overestimating 1993 losses. This is due to the relatively mild development experienced during 

1993. Overall, the exponential has the lowest absolute total bias of -$797 thousand for the two 

years, followed by the Weibull with 4813 thousand and the power with -$819 thousand. The 

forecasts range between $7.2 million and $13.5 million. We did not, however, perform the ex- 

ante test desctibed above due to the limited data available. 

7, Other Applications 

These two approaches can also be useful in estimating development of losses from other 

causes. Just as our first approach used general liability data to extrapolate asbestos losses, if 

we assume that the development of other loss causes, say DES claims, will generally follow the 

asbestos model, but with a different lag, we can derive estimates of future development for those 

other losses as we did with the pollution example above. 

These general techniques could also be used with more complex models. For example, if after 

testing simpler models such 8s these we find evidence for a “second wave” in the data, we could 

specify compound models that include such a wave by, for example, adding two simpler models 

with a lag reflecting the tlming of the second wave. Again, these numeric techniques could be 

used to estimate the parameters for those models. 

Again we reiterate that these approaches can provide a different view of potential development 

for unusual loss causes. They are relatively easy to apply, but rely critically on the choice of 

underlying development model. It is possible that more detailed models of pollution and 

asbestos exposure could provide useful insight as to the appropriate model. Given this insight 



and model choice, these methods can readily be used to derive additlonal loss estimateS that 

incorporate actual development experienced. 
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Exhibit1 

SAMPLEFlTTEDGENERALLlABlLllYDEVELOPMEN7 

Yeerof Sample FittedFaotom 

7 T% - - b!!wz4u 
2 I:833 

2.948 2.413 2.214 
1.828 

3 1.321 
4 1.249 
5 1.158 
8 1.098 
7 I.080 
8 1.043 
Q 1.025 

IO 1.027 
11 1.029 
12 1.032 
13 1.018 
14 1.028 
15 I.015 
18 1.017 

1.550 

17 1.035 
10 1.018 
19 1.014 
20 1.020 
21 1.027 
22 1.024 
23 1.019 
24 1.011 

25+ 

1.324 
1.203 
1.141 
1.105 
1.081 
l.ce8 
1.054 
I A48 
1.039 
1.034 
1.030 
1.028 
1.023 
1.021 
1.019 
1.017 
1.018 
1.015 
1.014 
1.013 
1.012 
1.011 
1.181 

1.794 
1.448 
1.250 
1.141 
1.079 
1.044 
1.025 
1.014 
1 Do8 
1.004 
1.002 
1.001 
1.001 
1 .wo 
1.000 
1 .ooo 
1.000 
1.000 
1 .ooo 
1 .ooo 
I.000 
1 .ooo 
1.000 
1.000 

2.518 
0.577 

1.339 
1.235 
1.173 
1.133 
1.104 
1.083 
1.088 
1.055 
1.045 
1.037 
1.031 
1.028 
1.021 
7.018 
1.015 
1.012 
1.010 
1.008 
1.007 
1.008 
1.005 
1.004 
1.015 

Total 
Wel~htedSquareError 
FittedParameters: 

t: 
1.948 
1.831 

8.013 
1.221 

IndicatedEimr 

%23-= 
0:005 

0.558 0.755 
-0.181 0.083 

-0.003 -0.I25 -0.018 
0.048 -0.001 0.014 
0.015 0.015 -0.017 

-0.009 0.017 -0.037 
-0.021 0.018 -0.044 
-0.023 0.018 9.040 
-0.029 0.011 -0.043 
-0.019 0.019 -0.028 
-0.010 0.025 -0.016 
-0.002 0.030 -0.005 
-0.012 0.017 -0.013 
0.000 0.025 0.000 

4.008 0.015 U.OC8 
-0.004 0.017 -0.001 
0.018 0.035 0.020 
0.001 0.018 0.008 

-0.002 0.014 0.004 
0.014 0.029 0.021 
0.013 0.027 0.020 
0.011 0.024 0.015 
0.007 0.019 0.014 
0.000 0.011 0.007 

0.009 0.870 0.893 
0.584 2.859 1.935 
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1070 
1071 
1972 
197s 
1074 
1975 
1076 
Ku7 
$078 
1970 
IWO 
lW1 
1982 
1063 
1534 
1985 
1066 
1867 

E 
1066 
1060 
lggo 
wsl 
lW2 
105X3 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 

0 
0 

0 0 x I: 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 
0 0 

0 0 
0 0 

0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 0 
0 0 0 
0 0 
0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 90 
0 46 00 

10 110 180 
150 100 100 
200 260 420 
150 260 sxl 
150 170 246 

z zoo 3so 
180 240 

136 70 100 
1CO im 

0 

1970 600 
to71 866 
1972 430 
1973 340 
1074 ml 
t975 460 
1976 so0 
1077 aal 

-ioi 336 410 1.E -760 -010 1;oal 1;200 
590 710 024 r,t60 1.m 1,4w 

670 820 OIM 960 l.Mso la0 
6sa 
450 

600 WI 760 300 

z fiti 
Eoc 

I% @Jo 
500 

470 
wo 
530 
300 

100 
200 
MO 
!23J 
320 
700 
460 
510 
700 

240 
410 
910 
0.50 
600 

260 400 
233 250 
270 340 
260 330 
410 460 
460 500 
850 900 
600 

Mm2 
1. A#.Ymcvherellllhousands. 



2% 
1.456 
l.mo 
1.506 
1.250 
1.412 
1.750 
I.333 
1.420 

l.yx) 

(99.37‘1 

1060 - - 
lsm - - 
1971 - - 
1972 - - 
1073 - - 
1074 - - 
Mm - - 
1070 - - 
w77 - - 
1070 - - 
lwln - - 
1000 - - 
w61 - - 
1002 - - 
llm - - 
1984 - - 
1935 - - 
1908 - - 
IoLn - - 
1000 - - 
1oBg - - 
1980 - - 
wol - - 
1992 - 

--mPm*NP 

ll.am 
mm 1.x7 
0.043 1.400 
1.250 1.667 
1.000 1.133 
a7Yl 7.222 
asm D.cm 
32ao osa 
l.mO tax, 

3.am 

1.375 

1.125 1.060 1.190 

m.746 

1.220 

20.100 

1.218 

22s3a 

1207 

10.064 

1.330 

10.029 

tom l.sI 1.130 1Sl 1.186 l.ls7 1.0% 
1.151 1.105 1.081) 1.111 
I.007 1.104 1.132 
1.677 1.143 
1.034 

1076 6.003 lam 
1071 1.165 1224 
1072 1179 l.Wl 
1973 1.324 aas 
1974 1.700 1.147 
1070 1.125 1.111 
1976 aw 

I.186 1.174 1.136 1.137 

esw s.090 5.110 4.480 

1 ii 11i i 

1.152 1.081 

aB40 a341 3.ool 

I ,i Li f 



Accident- 
Eax 

1968 
1969 
1970 
1971 
1972 2.000 
1973 1.563 
1974 2.000 
1975 2.250 
1976 11.000 
1977 3.ooa 
1978 2.818 

1slris 
2.167 
1.750 
1.440 
1.474 

COMPAR1SONOFACTUALANDFfTKDDEVELOPMENT 

Exhibit4 
Pagelaf3 

PowerModel Using General UabiliiFit 

ActualAnnualDevelopmentThroughYearEnding12/311 
issBm1988iaaa199p1981iBB? 

1.615 1.032 1.277 1.361 1.177 1.188 1.171 
1.381 I.138 1.242 I.581 1.188 1.197 1.099 
1.667 0.983 1.203 1.310 1.151 1.103 1.068 
1.107 1.871 1.155 1.224 xo9a 1.067 1.104 
1.556 1.429 1.075 1.279 1.091 1.083 1.077 
1.053 1.150 1.087 1.380 1.324 0.933 1.381 
1.111 1.200 1.125 1.259 1.176 1.700 1.147 
1.667 1.333 1.150 1.087 1.32o 1.455 1.125 
1.455 j.ia8 1.211 1.043 1.708 1.171 1229 
1.287 1.000 1.789 0.941 1.281 1.122 1.283 
0.645 1.400 l.Soo 1.310 1.273 1.300 0.934 

l&23 
1.061 
1.200 
1.111 
1.132 
1.143 
1.034 
1.154 
1.111 
0.847 
1.017 
I .05Q 

1979 3.000 1.000 1250 1.887 1.250 1.343 0.979 I.198 1.455 
1980 3.000 1.000 3.333 1.500 1.133 1.412 1.667 1275 1.176 
1981 - - - 1.714 0.760 2.222 1.750 1.514 1.321 
IQ82 - - - 2.000 2.000 0.500 9mo 1.333 1250 
1983 - - - - 0.556 0.800 3.250 0.538 1.429 
1984 - - - - 1.375 0.909 1.000 1.000 1 .ooo 

Acddent !%dAnnuelDevelopinentThroughYearEndinglZnll 
mlmis~1982~~~198J.~~ 

w6a 1.777 1.372 1.225 1.153 1.112 1.088 1 .ow I.057 1.047 
1969 1.839 1.391 1233 
1970 1.911 i.411 1.242 
1971 1.993 1.434 1.251 
1972 2.087 1.458 1261 
1973 2.197 1.484 1271 
1974 2.326 1.513 1282 
1975 2.478 1.545 1294 
1978 2.662 1.579 1.307 
1977 2.884 1.618 1.321 
1978 3.160 1.661 1.336 
IQ79 3.506 1.710 1.351 
1980 3.953 1.764 1.368 
1981 4.542 1.825 1.387 
IQ82 5.349 1.8~4 1.407 
1983 6.498 1.974 1.429 
1984 a232 2.085 1.452 

SelectedMcdelParametere: 
a-l.946 bsl.631 

1.157 1.115 
1.182 1.117 
1.167 1.120 
1.172 1.123 
1.177 1.126 
I.483 1.130 
1.189 1.133 
1.195 1.136 
1201 1.140 
1.208 1.144 
1.215 I.148 
1.223 1.152 
1.231 1.156 
1240 1.161 
1249 1.166 
1.259 1.171 

OL= 0.9ia p - -17.99s Etror=3,924 

1.088 1.070 
1.090 1.071 
1.092 1.073 
1.094 1.074 
1.096 1.075 
1.098 1.077 
I.103 1.078 
1.102 1.080 
1.104 1.081 
1.107 1.083 
l.lOQ 1.084 
1.111 1.086 
1.114 7.088 
1.117 1.089 
1.120 1.091 
1.123 l.OQ3 

1.057 1.048 
1.058 1.049 
1.059 1.049 
1.060 1.050 
1.061 1.051 
1.062 1.052 
1.063 1.052 
1.064 1.053 
1.065 1.054 
1.066 1.055 
1.067 1.055 
1.069 1.056 
1.070 1.057 
1,071 1.058 
1.072 1.059 
1.074 I.060 
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COh4PARlSONOFACTUALANDFORECASTDEVELOPMENT 

Exhibit4 
Page2of3 

PowerModelUsingGeneral Liability Fft 

Accident ActualAnnualDevelopmentThroughYearEnding12!31/ 
Year l9cEm ImlLxEi l.@!amm l!&z m 

1538 2.167 
IQ69 1.750 
1970 1.440 
1971 1.474 
1972 2.000 
1973 1.583 
1974 2.900 
1975 2.250 
1976 11.000 
1977 3.000 
1978 2.818 
1979 3.000 
1980 3.000 
1981 - 
1982 - 
1983 - 
1984 - 

1.615 I.632 
1.361 1.138 
1.667 0.983 
1.107 1.871 
1.556 1.429 
1.053 1.150 
1.111 1.200 
1.667 1.333 
1.455 l.f86 
1267 1.000 
0.645 1.400 
1.000 1.250 
1.000 3.333 

1277 
1242 
1.203 
1.155 
1.075 
1.087 
1.125 
1.150 
1211 
1.789 
1.500 
I.867 
1.500 
1.714 
2.000 

1.361 1.177 1.188 1.171 1.081 
1.561 I .faa 1.197 1.099 1200 
1.310 1.151 1.103 1.068 1.111 
1.224 1.098 1.067 1.104 1.132 
1.279 l.OQl 1.083 1.077 1.143 
1.360 1.324 0.933 1.381 I .034 
1.259 1.176 1.700 1.147 1.154 
1.087 1.320 1.455 1.125 1.111 
1.043 1.708 1.171 1229 0.847 
0.941 1.281 1.122 1283 1.017 
1.310 1273 1.300 0.934 1.059 
1250 1.343 0.979 I.198 1.455 
1.133 1.412 1.667 1275 1.176 
0.750 2.222 1.750 1.514 1.321 m 
2.000 0.500 9.000 1.333 1.250 .., 
0.556 0.800 3.250 0.538 1.429 = 
1.375 0.909 1.000 1 .ooo 1.000 

Accident ForecastAnnualGevelopmentThroughYearEnding12!31/ Forecast - 
&g m l&Q5 1998 1991 M g@! gg& 

1.022 1.226 1968 1.040 1.035 1.031 1.027 1.024 
1969 1.041 1.035 1.031 1.027 1.024 
1970 1.041 1.038 1.031 1.028 1.025 

1.022 1.235 1.474 1,769 
1.022 1.243 1.488 2.083 

1971 1.042 1.036 1.032 1.028 1.025 1.022 1.251 1.501 I;801 
1972 1.043 1.037 1.032 1.028 1.025 1.022 1.259 1.513 1210 
1973 1.043 1.037 1.032 1.028 1.025 
1974 1.044 1.037 1.033 1.029 1.026 
1975 1.044 1.038 1.033 1.029 1.026 
1976 I.&t5 1.038 1.033 1.029 1.026 
IQ77 1.945 1.939 1.634 1.030 1.026 
1978 1.946 1.039 1.034 1.030 1.926 
1979 1.047 1.040 1.034 1.030 1.027 
IQ80 1.047 1.040 1.035 1.031 1.027 
1981 1.048 1.041 1.035 1.031 1.027 1.024 1.325 1.622 1,135 7 
IQ82 1.049 1.041 1.036 1.031 1.028 1.025 1.332 1.637 491 
IQ63 1.049 1.042 1.036 1.032 1.028 
1984 1.050 1.042 1.037 1.032 1.026 

Selected Model Parameters: 
a =I.946 b= 1.631 a= 0.918 

1.023 1.267 1.524 914 
1.023 1.275 1 so 1,386 
1.023 1.282 1.550 930 
1.023 1289 1.560 780 
1.923 I.297 1.574 944 .,. 
1.024 1.304 1.586 t.427 I 
1.024 1.311 1.599 1279 ii 

1.024 1.318 1.621 967 .I 

1.025 1.339 1.649 165 
1.025 1.345 I.659 166 

a20,371 

p= -17.998 Error=3,924 

NOTE: 
1. Theforecestuftimatelossesarein thousandsofdollars. 
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tmbn 4 
PaQe3of3 

ACTUAL LOSSES MINUS ONE YEAR FITTED DEVELOPMENT FORECAST 

Power Modal Using General Liability Fit 

Accident Comparison for Year Ending 121311 

~Ll9.s m s!Bz wsl%Bl%!Q~~~ 
1988 $70 $95 -Sl22 $81 $207 $103 $158 $180 $83 
1969 
1970 
IQ71 
1972 
IQ73 
1974 
1975 
1976 
I977 
1978 
1979 
1980 
19a1 
1932 
IQ83 
1934 

-11 -2 -26 28 IS3 97 38 152 
-118 -: -155 24 I37 34 12 78 

-99 192 -7 70 5 -5 43 88 
-a 18 47 -39 67 -2 5 11 65 

-74 -92 -24 -21 59 70 54 134 -10 

-29 -72 -16 14 36 27 249 -9 11 6 -8 -11 55 124 El ii 
63 -14 -19 3 -21 145 37 79 -122 

6 -53 61 112 -88 57 17 100 -22 
-33 -315 13 a2 70 Qi 152 -120 3 
-20 -85 -12 98 29 82 49 59 220 
-io -23 56 26 3 51 139 82 81 

34 49 100 132 155 140 
8 17 -25 156 47 45 

- -55 -16 85 49 26 
16 -24 -9 -7 -8 

521 
161 
195 
164 

4 
319 
230 
171 

08 

32 
394 
512 
251 
-28 
-30 

Total -S257 4522 -$I20 a409 $683 f848 t1.281 $832 894 $4,028 
Percent -19.8% -20.1% -3.6% 9.7% 12.4% 123% 15.0% 8.1% 7.6% 

1. Dollar amounts are in thousands. 



COMPAFtlSONOFACTUALANDFllTEDDEVELOPMENT 

Exponential Model 

Exhibit5 
Pagelof3 

Accident AchralAnnualDevelopmentThroughYearEndinglZ31/ 
Y&aJ x2!% I!%5 1887 1988 lli+!s ls9Q miLLs92 

1968 2.167 1.815 1.032 1277 I.361 I.177 1.188 1.171 
1989 1.750 
1970 1.440 
1971 1.474 
1972 2.000 
1973 1.583 
1974 2.000 
1975 2.250 
197% 11.000 
1977 3.000 
1978 2.818 
1979 3.000 
1980 3.000 
1981 - 
1982 - 
1983 - 
1984 - 

1.381 1.138 
I.687 0.983 
1.107 1.871 
I.556 I.429 
1.053 1.150 
1.111 1.200 
1.687 1.333 
1.455 1.188 
12a7 i.ooo 
0.845 1.400 
I.000 1250 
1 .ooo 3.333 

1242 
1.203 
1.155 
1.075 
1.087 
1.125 
1.150 
1211 
1.789 
1.500 
1.887 
1.500 
1.714 
2.000 

I.561 1.188 1.197 1.093 
1.310 1.151 1.103 I.088 
1.224 1.098 I.087 1.104 
1.279 1.091 1.083 1.077 
I.360 1.324 0.933 1.381 
1.259 1.17% 1.700 1.147 
1.087 1.320 1.455 1.125 
1.043 1.708 1.171 1.229 
0.941 1.281 1.122 1283 
1.310 1273 1.300 0.934 
1250 1.343 0.979 1.19% 
1.133 1.412 I.667 1.275 
0.750 2.222 1.750 1.514 
2.000 0.500 9.000 1.333 
0.55% 0.800 3.250 0.538 
1.375 0.909 1 .ooo 1.000 

Ii!93 
1.081 
1200 
1.111 
1.132 
1.143 
1.034 
1.154 
1.111 
0.847 
1.017 
1.059 
1.455 
1.17% 
1.321 
1250 
1.429 
I .ooo 

Accident FtiedAnnualDevelopmentThroughYearEnding12!31/ 
&&r Is!% m!!Sipazm m!i? j&Q lsl.1992~ 

1988 1.481 1.370 1.297 1.239 1.192 1.154 1.124 1 .OQQ 1.080 
1989 1.498 1.400 1.321 
1970 1.538 1.432 1.347 
1971 1.581 I.467 1.375 

1.134 1.107 
1.144 1.118 

1972 1.628 1.504 1.405 
1973 1.878 1.545 1.438 
1974 1.733 1.589 1.473 
1975 1.792 1 .a38 1.511 
197% i .a55 
1977 1.924 

I.867 1.552 
1.742 1.59% 

1230 

1.15% 

1.185 

1.125 
1.189 

1.248 

1.135 
1.182 

1.199 

1.14% 
1.197 1.158 
1213 1.171 

1.088 
1.093 

1.148 

1.101 
1.109 
1.118 
1.127 

1.180 

1.137 

1978 1.999 1.802 1644 
1979 2.079 1.887 1.89% 
1980 2.18% 1.935 1.752 
1981 2.259 2.012 1.813 
1982 2.381 2.093 1.878 
1983 2.470 2.181 1.949 
1984 2.589 2.27% 2.025 

1258 
1.279 
1.301 
1.325 
1.351 
1.380 
1.410 
1.443 
1.479 
1.517 
1.559 
1.804 
1.853 
1.705 
1.782 
1.823 

1.207 1.18% 
1.224 1.180 
1242 1.194 
1.281 1210 
1.282 1.227 
1.305 1.245 
1.330 1.285 
1.35% 128% 
I.385 1.309 
1.41% 1.334 
1.449 1.381 
1.485 1.390 
1.524 1.421 
1.564 1.455 
1.812 1.492 
I.661 1.531 

1288 1225 1.173 
1290 1.233 1.187 
1.313 1.251 1.202 
1.338 1.272 
1.385 1294 
1.395 1.317 
1.427 1.343 

1218 
123% 
1.255 
1.275 

Selected Model Parameters: 
a = 29.233 b=0219 a= 0.847 Error = 3,404 
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COMPARISONOFACTUALANDFORECASTDEVELOPMENT 

EqmnmUal Model 

Exhlbltd 
Pqs2013 

Aooldml Actu~lAnnualD1vrlo~nrnt~muahYe~rEndl~12All 
XMfti 

1988 2.107 I.515 1.032 1.277 1 .Wl 1.177 1.158 I.171 l-o51 

1070 
1971 
1972 
1073 
1974 
1975 
1976 
ie77 
1971) 
1978 
1950 
1981 
1982 
1983 
1984 

1971 1.081 I.065 1.052 1.042 1.034 1,027 1.115 
1972 1.087 1.070 1.058 1.045 i.038 1.029 1.125 
1973 1.094 1.078 1.061 1.049 1.039 1.032 1.138 
1974 1.102 1.082 1.068 1.053 1.042 1.034 1.147 
1975 1.110 1.009 1.071 1.057 1.048 1.037 i.180 
1978 1.119 1.098 1.077 I.082 1.050 1.040 1.174 
1977 1.129 1.103 1.083 I.087 1.054 1.043 1.189 
1975 1.139 1.112 1.090 1.072 1.058 1.048 1.208 
1979 I.150 1.121 1.097 1.078 1.062 1.050 1.224 
1980 l.lBz 1.130 1.105 1.034 1.068 1.054 1244 
1981 1.175 1.141 1.113 1.091 1.073 1.059 1.288 
1982 1.189 1.152 1.122 1.098 1.079 I.083 1.290 
1983 1.205 I.184 1.132 1.106 1.085 1.088 1.318 
1984 1.221 1.178 1.143 1.115 1.092 1.074 1.345 

1.750 1.351 1.135 
1.440 l.SS7 O.Q83 
1.474 1.107 i.lr7+ 
2.000 I.550 1.429 
1.583 1.053 1.150 
2.000 1.111 1.200 
2.250 1.5S7 1.333 

ll.ooo 1.456 1.185 
3.000 is7 l.OW 
2.818 0.845 I.400 
3.000 l.OUO 1.250 
3.000 1 .ooo 3.333 

1.242 
1203 
1.155 
1.075 
1.087 
1.125 
1.150 
1.211 
1.759 
1.W 
I.867 
1.500 
1.714 
2.ocQ 

l.Wl 1.155 1.197 1 .OQQ 1200 
1.310 I.161 1.103 i.wa 1.111 
1224 l.ODII l.oS7 1.104 1.132 
1279 1.091 1.083 1.077 I.143 
1.360 1.324 0.933 1.361 1.034 
1.259 1.170 1.700 1.147 1,154 
1.067 1.320 1.455 1.126 1.111 
1.943 1.705 I.171 Ia9 0.547 
0.941 1151 1.122 1.253 1.017 
1.310 1.273 1.300 0.934 1.059 
1.250 1.343 0.979 1.19S I.495 
1.133 1.412 1.667 1.275 1.176 
0.750 2.222 1.750 1.514 I .321 
2.000 0.500 9.000 1.333 1250 
0.53% 0.800 3.250 0.538 1.420 
1.375 O.QOQ 1.000 1.ooo 1.000 

ForecastAnnurlDevslopmentThroughY~6rEndlng 121311 
l@4lm!lmmzlm la!a2!lw 

1.084 1.051 1.04i 1.033 I.027 1.021 1.089 
l.MlU I.058 1.045 1.033 f-029 1.023 1.097 
1.075 l.oSO 1.048 1.039 1.031 1.025 I.108 

Forecast 

1.450 2,030 
1,494 1,793 
1.539 1,231 
1.598 958 
I .a.54 1,489 
1.722 1,033 
1.798 899 
1.881 1,129 
1.975 1,778 
2.081 1,885 
2.202 1,321 
2.342 1,639 
2.497 749 
2.878 288 
2.892 289 

522.710 _~~, 
SelectedModel Parameters: 

a 129.233 b- 0.219 a= 0.847 Error-.,404 

I!lca 
I. Thefore~ultlmatelosareran,Inthourandrofdollen. 
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Exhibit 5 
Page 3 of 3 

ACTUAL LOSSES MINUS ONE YEAR FllTED DEVELOPMENT FORECAST 

Ewponantial Model 

Accident Comparison for Year Ending 12l311 
&g m m 1987 m m m m m ~~ 

1988 $127 
1969 30 
IQ70 -25 
1971 -20 
1972 33 
1973 -11 
1974 24 
1975 10 
1976 91 
1977 64 
1 Q78 90 
1979 37 
1980 a 
1961 - 
1982 - 
1983 - 
1984 - 

$98 
-4 

85 
-101 

9 
-93 
56 

3 
-26 
-71 

-359 
-104 

-28 

5167 
-53 

-218 
154 

7 
-58 
-55 
-27 
-58 

-113 
49 
-64 
47 

525 
-5 

45 
-85 

-100 
-61 
-81 
-52 
-44 
59 
-5 

46 
-10 

4 
3 

$140 $26 $85 $114 
145 14 48 -7 

61 -27 -44 -57 
-12 -79 -80 -20 

8 -65 -52 -38 
20 33 -112 QQ 

-12 -23 201 -7 
-56 14 80 -22 
-72 101 -24 21 

-151 -9 -52 39 
-45 -34 22 -256 
-5% 8 -14% -17 
-53 4 85 10 
-93 72 62 85 

9 -38 153 7 
-95 -35 74 -101 
-23 88 43 -34 

x?uJml 
$2 $448 

114 282 
23 -247 
33 -210 
24 -174 

-49 -232 
21 2 

-14 -58 
-178 -I 8Q 

5-l -328 
-97 -733 
147 -153 
-13 50 
55 205 

3 137 
I2 -145 111 

-28 -19% 
,,_ 
IIU 

Total 8456 -5679 -$644 -$331 6285 5120 $277 5184 629 -51.539 
Percent 35.1% -26.1% -19.2% -7.9% -5.2% -1.7% 3.3% -1.8% -0.2% ..,_ 

1. Dollar amounts are in thousands. 
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Exhibit8 
Page?of3 

A&dent Achral AnnualDevelopmentThmugh YearEnd@12/31/ 
mf! igssl%!zigaaiaaaleaeMles2iaaa 

2.167 1.615 1.032 1277 1.361 I.177 1.188 1.171 1.081 
yea! 

1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

1.750 1.361 1.138 
1.440 1.687 0.983 
1.474 1.107 1.871 
2.000 I.556 1.429 
1.583 1.053 1.150 
2.000 1.111 1.200 
2.250 1.667 1.333 

11.000 1.455 1.188 
3.000 1267 1.000 
2.618 0.845 1.400 
3.000 I.000 1250 
3.000 1.000 3.333 

1242 
1.203 
1.155 
1.075 
1.067 
1.125 
1.150 
1211 
1.789 
1.500 
1.687 
1 so0 
1.714 
2.000 

1.581 1.188 1.197 1.093 1.200 
1.310 1.151 1.103 I.066 1.111 
1.224 1.098 1.067 1.104 1.132 
1279 1.091 1.083 1.077 1.143 
1.360 1.324 0.933 1.381 1.034 
1259 1.176 1.700 1.147 1.154 
1.087 1.320 1.455 1.125 1.111 
1.043 1.708 1.171 1229 0.647 
0.941 1.281 1.122 1.263 1.017 
1.310 1273 1.300 0.934 1.059 
1.250 1.343 0.979 1.196 1.455 
1.133 1.412 1.667 1275 1.176 
0.750 2222 1.750 1.514 1.321 
2.000 0.500 9.000 1.333 1.250 
0.566 0.800 3.250 0.538 1.429 
1.375 o.sOs 1.000 I.006 1.000 

CDMPARlSONOFACTUALANDFIlTEDDEVELOPMENT 

PowerModel 

Acckient FlttedAnnuelDevelopmentThroughYearEnding12/31/ 
m19H51988lsaziaaaiaaammmm 

1968 1.456 1.362 1291 1238 1.193 1.160 1.133 1.111 1.094 
1969 1.495 1.391 1.313 1.253 
q970 1.538 1.424 1.338 
1971 1.588 1.459 1.365 
1972 1.639 1.499 1.394 
1973 1.698 1.542 1.427 
1974 1.764 I.590 1.463 
1975 1.837 1.644 1.502 
1976 1.920 1.703 1.546 
1977 2.013 1.770 1.595 
1978 2.117 1.644 1.649 
1979 2235 1.928 1.709 
1980 2.368 2.021 1.776 
1981 2.520 2.127 1.851 
1982 2.892 2.246 1.935 
1983 2.889 2.380 2.030 
1984 3.114 2.534 2.138 

Selected Model Parameters: 
a-248,731 b* 4.489 

1272 
1.293 
1.315 
1.340 
1.367 
1.397 
1.430 
1.484 
1.506 
1.560 
I.599 
1.854 
1.714 
1.782 
1.858 

Ii07 1.170 1.141 1.118 1,100 
1.221 1.162 1.161 1.126 1.106 
1237 1.194 t.160 1.134 1.112 
1.255 1208 1.171 1.142 1.119 
1.274 1.223 1.163 1.151 1.128 
1.295 1239 1.195 1.181 i.134 
1.317 1256 1209 1.172 1.143 
1.342 1278 1.224 1.184 1.152 
1.389 1.296 1.240 1.197 1.162 
1.400 1.319 1258 1.210 4.173 
1.433 1.344 1.277 1.225 1.185 
1.489 1.372 1,208 1242 1.198 
1.509 1.402 1.321 1.260 1212 
1.554 1.436 1.347 1270 1.227 
1.604 1.472 1.374 1.300 1243 
I .859 1.513 1.405 1.323 1261 

a= 0.657 Error-3,378 
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Exhlblt8 
PqpZOf3 

COMPARlSONOFACTUAlANDFORECASTDEVELOPMENl 

Power Model 

Aoddtnl _ 
ypu 

IS68 5 
1:750 

Trl 
1:2w 
1.111 
1.132 
1.143 
1.034 
1.154 
1.111 
0.847 
1.017 
1.050 

Aohrrl AnnurlDnnlo~nrntThmuahYoerEndlng 12/31/ 
Ltm lppzm lppp ippplppl 

1.615 1,032 1.277 1.381 I.177 1.166 1.171 
I.090 
1.088 
l.lM 

1.361 1.138 1.242 1.581 1.188 1.197 
1.667 0.983 1.203 1.310 I.151 1.103 
1.167 I.871 1.155 1.224 1.098 1.067 
1.51 1.429 1.075 I.279 1.091 1.083 
1.053 l.ISO 1.067 1.360 1.324 0.933 
1.111 1.200 1.125 1.250 1.178 1.700 

1.077 
1.381 
1.147 
1.125 
I.220 
1.283 
0.834 

1080 
1870 
1971 
ion 
1973 
1974 

I.440 
1.474 
2.000 
1.683 
2.ow 
2.250 

11.000 
3.000 
2.8lS 

1075 
IS76 

1.687 1.333 1.150 1.087 1.320 1.455 
1.455 1.188 1.211 1.043 1.708 1.171 
1.267 1.000 I.789 0.941 1.281 1.122 
0.645 1.400 I .soo 1.310 1.273 1.300 

1077 
IS78 
1970 3.000 1.000 1.250 1.687 1250 1.343 0.879 l.lS6 IA55 
1980 3.000 1.000 3.333 1.500 1.133 1.412 1.667 1.275 I.176 
1081 - - - I.714 0.750 2222 1.7x) 1.514 1.321 z 
1982 - - - 2.000 2.000 0.500 9.000 1.333 1.250 igi 
1983 - - - - 0.556 0.800 3250 0.538 1.42s 
1984 - - - - 1.375 0.909 1.000 1.000 1.000 

Acddent ForecastAnnuslDevelopmentlhroughYaarEndlngliV3l1 Forecast - 
yaarlE!!lm5lmiaaziaaaiaaa 

l.oB8 1.059 1.038 %8 =%O - $3,640 1968 
1989 
1970 
1971 
1072 
1973 
1074 
1075 
1978 
1977 

I t978 

I 1979 
1080 
1981 
1082 
IQ83 
1984 

1.080 
1.064 
1.089 
1.094 
1.100 
1.108 
1.113 
1.119 
1.127 
1.135 
1.144 
1.153 
1.163 
1.174 
1.188 
l.lSB 
1.213 

1.072 l.g62 
1.078 1 .I%5 
1.080 l.oB8 
1.085 1.072 
1.090 1.076 
1 ass 1.081 
1.101 1.085 
1.107 1.090 
1.113 1.095 
1.120 1.101 
1.128 1.107 
1.136 1.114 
1.144 1.121 
1.154 1.128 
1.184 1.136 
1.175 1.145 

1.051 
1.053 
1.058 
1.059 
1.082 
1065 
1 a60 
1.073 
1.077 
1.081 
1.066 
1.091 
1.096 
1.102 
1.1'08 
1.114 
1.121 

1.044 
1.048 
I.048 
1.051 
1.053 
1 .ow 
1.059 
1.082 
I.088 
I.089 
1.073 
1.077 
1.081 
1.086 
1.001 
1.096 
l.lM 

l.MO 1.320 
1.042 1.349 
I.044 1.371 
1.048 1.394 
1.049 1.418 
1.051 1.443 
1.054 1.470 
1.056 1.490 
1.059 1.529 
I.002 1.561 
1.066 1.595 
I.089 1.631 
1.073 1.670 
1.077 1.712 
1.082 1.757 
1.086 1.805 

1.94i 
1.877 

2.010 
2.088 
2.170 
2.262 
2.380 
2.471 
2.588 
2.725 
2.876 
3.040 
3.229 
3.441 
3.880 
3.952 

2,717 
2252 

2,412 
1,869 
1,302 
2,038 
1,418 
1238 
1,553 -T 
2,453 z 
2,301 - 
1,824 : 
2,280 
1,032 

388 
395 

530,868 
SelectedMcdelParameters: 

a-248,731 b-4.469 a= 0.857 Error=3,378 

I2lQIEL 
I. Theforecastullfmete losseserelnthousandsofdollars. 
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tilbit6 
Page 3 of 3 

ACTUAL LOSSES MINUS ONE YEAR FITTED DEVELOPMENT FORECAST 

Power Model 

Accident Comparison for Year Ending 1X311 

YsaI m= mz 1988 J$j& m mm l@sm 
1986 5128 $99 -$163 527 5139 $19 $73 $95 424 $393 
lQ69 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
t977 
1978 
1979 
1980 
i9at 
1982 
1983 
1984 

31 -2 -51 
-25 87 -213 
-21 -99 157 
32 IO IO 

-14 -93 -55 
21 -65 -53 
17 2 -25 
91 -27 -57 
4s -75 -113 
77 -372 -50 
31 -111 45 

6 -31 47 

Total 84423 G698 -WI -3297 6246 
Percent 32.5% -26.8% -18.5% -7.i% -4.4% 

4 145 
41 63 
-80 -9 
-96 10 
-58 22 
-58 -10 
4s -53 
-42 -6s 
61 -146 
-2 -38 
48 -51 

-10 -50 
4 -91 
3 9 

44 
-23 

.I2 43 
-2B -51 
-79 -84 
-54 -53 
34 -113 

-21 202 
16 81 

104 -22 
-5 -48 

-25 29 
0 -140 

7: ii 
-37 153 
-34 75 
-66 41 

$94 $279 
-1.4% 3.3% 

-17 
-68 
-29 
42 
97 

-10 
-23 
22 
40 

-251 
-13 

ii: 

IO 
-99 
-32 

4218 
-2.1% 

100 257 
6 -271 

21 -223 
'17 -176 

-53 -233 
16 

-17 -5: 
-180 -180 

-86 -323 
-97 -729 
149 -142 
-11 60 
58 220 

6 144 
13 -139 

-26 -188 

$108 -?51.560 
4.9% 

1. Dollar amounts are In thousands. 
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Exhibit7 
Pagelof3 

COMPARlSONOFACTUALANDFilTEDDEVELOPMENT 

Weibull Model 

Accident ActualAnnualDevelopmentThroughYearEnding12I311 
&&r 1985 1986 m pg 1989 j,$@ m 1992 x%x3 

1968 2.167 1.615 1.032 1.277 I.361 1.177 1.186 1.171 1.081 
1969 1.750 
1970 1.440 
1971 1.474 
1972 2.000 
1973 1.583 
1974 2.000 
1975 2.250 
1976 11.000 
1977 3.000 
1978 2.818 
1979 3.000 
1980 3.000 
1981 - 
1982 - 
1983 - 
1984 - 

1.381 1.138 
1.667 0.983 
1.107 1.871 
1.556 1.429 
1.053 1.150 
1.111 1.200 
1.667 1.333 
1.455 1.188 
1.267 1 .ooo 
0.645 1.400 
1.000 1.250 
1.000 3.333 

1.242 
1.203 
1.155 
1.075 
1.087 
1.125 
1.150 
1.211 
1.789 
1.500 
1.867 
1.500 
1.714 
2.000 

1.561 1.188 1.197 1.099 1.200 
1.310 1.151 1.103 1.068 1.111 
1.224 1.098 1.067 1.104 1.132 
1.279 1.091 1.083 1.077 1.143 
1.360 1.324 0.933 1.381 1.034 
I .259 1.176 1.700 1.147 1.154 
1.087 1.320 1.455 1.125 1.111 
1.043 1.708 1.171 1.229 0.847 
0.941 1.281 1.122 1.283 1.017 
1.310 1.273 1.300 0.934 1.059 
1.250 1.343 0.979 1.196 1.455 
1.133 1.412 1.667 1.275 1.176 
0.750 2.222 1.750 1.514 1.321 
2.000 0.500 9.000 1.333 1.250 
0.556 0.800 3.250 0.536 1.429 
1.375 0.909 1.000 1 .ooo 1.000 

Accident FiiedAnnualDevelopmentThroughYearEndingt2!31/ 
Year 1985 j$J8J 1987 1988 1989 1990 g&l m m 

1.103 1.060 1.029 1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

1.437 1.363 1.328 
1.457 1.404 1.349 
1.478 1.425 1.371 
1.498 1.445 1.392 
1,519 1.466 1.413 
1.539 1.486 1.433 
1.560 1.507 1.454 
1.582 1.527 1.474 
1.604 1.548 1.495 

1.212 1.155 
1.234 1.177 
1.257 1.199 
1.279 1.221 
1.302 1.244 
1.324 1.268 
1.345 1.289 
1.367 1.311 
1.388 1.333 
1.409 1.354 
1.430 1.376 
1.450 1.397 
1.470 1.417 
1.491 1.438 
1.511 1.458 
1.532 1.479 
1.553 1.499 

1.122 I.075 
1.142 1.092 
1.164 1.111 
1.186 1.130 
1.208 1.151 
1.230 1.173 
1.253 1.195 
1.275 1.217 
1.298 1.240 
1.320 1.262 
1.342 1.285 
1.363 1.307 
1.384 1.329 
1.405 1.350 
1.426 1.372 
1.446 1.393 

1.039 
1.052 
1.066 
1.082 

1977 1.627 1.569 1.515 
1976 1.650 1.591 1.536 
1979 1.675 1.813 1.557 
1980 1.700 1.636 1.576 
1981 1.727 1.660 1.600 
1982 1.756 1.685 1.622 
1983 1.786 1.711 1.646 
1984 1.818 1.739 1.670 

Selected Model Parameters: 
a 923.214 b= 7.909 

1.270 
1.292 
1.315 
1.337 
1.358 
1.379 
1.400 
1.421 
1.442 
1.462 
1.482 
1.503 
1.523 
1.544 
1.565 
1.507 
1.609 

1.100 
1.119 
1.139 
1.160 
1.182 
1.204 
1.226 
1.249 
1.271 
1.294 
1.316 
1.338 

a= 0.614 Error= 3,561 
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1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1960 
1981 
1982 
1983 
1984 

1.750 1.381 1.138 
1.440 1.667 0.983 
1.474 1.107 1.871 
2.000 1.556 1.429 
1.583 1.053 1.150 
2.000 1.111 I.200 
2.250 1.667 1.333 

11.000 1.455 I.188 
3.000 I.287 1 .ooo 
2.818 0.645 1.400 
3.000 1.000 1250 
3.600 1 .ooo 3.333 

2.167 1.615 1.032 1.277 
I.242 
1.203 
1.155 
1.075 
1.087 
1.125 
1.150 
1.211 
I.789 
1.500 
1.867 
I.500 
1.714 
2.000 

Exhibit7 
Page2of3 

COMPARlSONOFACTUALANDFORECASTOEVELOPMENT 

Weibull Model 

A&tent Achral Annual Developmentfhrough YearEndinglZ3V 
I&z lx.9 jgg mgggj 

1.310 
1.224 
I 279 
1.366 
1259 
1.087 
1.043 
0.941 
1.310 
1250 
1.133 
0.750 
2.069 
0.556 
1.375 

1:188 1.197 
1.151 1.103 
I .098 I.087 
1.091 1.083 
I.324 0.933 
1.176 1.700 
1.320 1.455 
I.708 1.171 
1281 1.122 
1.273 1.300 
1.343 0.979 
1.412 1.667 
2222 1.750 
0.500 9.000 
0.800 3.250 
0.909 1 .ooo 

1999 
1668 
1.104 
1.077 
1.331 
1.147 
I.125 

:zi 
0.934 
I.198 
1275 
1.514 
1.333 
0.538 
l.flfJO 

1200 
1.t11 
1.132 
1.143 
1.934 
1.154 
1.111 
0.647 
1.017 
1.069 
1.455 
1.176 
1.321 
1.250 
1.429 
1.000 

Acckfent ForecastAnnuaiDevelopmentThroughYeerEndingl2/31/ Forecast 
w m 1985ls!eEExlL%s~~ 

!Jlus3Q 1968 1.011 1.003 1.001 1.000 I.900 1.000 1.000 %5 92,030 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1960 
1981 
1982 
1983 
1984 

1.017 1.005 I.601 I .ooo 1.000 1.000 
1.024 1.009 1.002 1 .ooo 1 .wo 1.000 
1.033 1.013 1.004 1.001 I.606 1.000 
1.044 I.019 1.007 1.002 1 .ooo I .ooo 
1.057 1.028 1.010 1.003 1.001 1.690 
1.072 1.037 1.016 1.005 1.001 I .ooo 
1.089 1.049 1.023 1.608 1.002 1.000 
1.107 1.063 1.031 1.012 1.004 1.001 
I.127 1.079 1.042 1.018 I.006 1.001 
I.147 I.098 1.055 1.026 1.010 1.003 
1.169 1.115 1.070 1.036 1.015 1.004 
1.191 1.135 1.086 1.047 1.021 1.007 
I.213 I.156 I.104 IQ61 1.030 1.011 
I.236 1.178 1.123 1.076 1.040 1.017 
I.258 1.200 1.144 1.093 1.052 1.024 
I.281 1222 1.165 1.112 1.067 1.034 

Selectedkdel Parameters: 
a=23214 b=7.909 a= 0.614 Error=3,561 

1.000 1.023 1,228 
1.000 1.035 1,449 
1.000 1.052 1,262 
I .ooo 1.073 858 
1 .ooo 1.102 661 
1.000 1.136 1,022 
1.090 1.180 708 
I a00 1234 617 
1.000 1299 779 
1.001 1.360 1,242 
1.001 1.474 1,179 
I.002 I.583 950 
1.004 1.717 1.202 
1.007 1.874 562 
1.012 2.058 206 
1.019 2.260 228 

$16,163 

m 
I. Theforecastultimatelossesareinthousandsofdoiiars. 
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Exhibit 7 
Page 3 of 3 

ACTUAL LOSSES MINUS ONE YEAR FITTED DEVELOPMENT FORECAST 

Weibull Modal 

Aaldent Comparison for Year Ending 12l3V 
&g Ia? m @g j.@Q @gm XBI 292 =M 

Igss $131 $90 5188 $5 $124 sz5 $413 $175 $96 S573 

IQ69 35 -5 -61 -17 134 7 57 n 
-iii 

161 333 
74 -225 

-7 70 -220 
1970 
1972 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
lsai 
1982 
1983 
1984 

-10 07 -233 
-5 -95 148 
43 16 4 

5 -92 -57 
40 -71 -51 
27 13 -21 
94 -10 49 
69 -45 -98 

128 -293 -27 
53 -74 -37 
13 -19 53 

66 
-108 
-113 

-67 
66 
-54 
-44 
62 

5 
55 
-2 
12 

4 

ia 
-37 
-10 

0 
-23 
64 
-79 

-159 
-50 
-56 
-51 
-89 
10 

-60 
-14 

445 
-101 

-64 
20 

38 
2 

90 
-23 
57 
-19 

-1 
71 

z 
45 

ii 
-67 
42 

-124 
186 

67 
-43 
-72 
-14 

-171 
73 
73 

152 
73 

45 

-34 
97 

-10 
-34 

6 
20 

-298 
41 
-13 
65 
-3 

-108 
39 

43 -197 
-3a -237 
27 -12 

-15 -79 
-185 -220 

-97 -343 
-123 -729 
126 -IS4 
-37 16 
27 159 8 

-11 114 
6 -149 

-34 -197 

Total $623 -3488 6815 -3392 5405 $290 $136 -$236 $92 -31,577 
Percent 47.8% -18.8% -16.3% -9.3% -7.3% 4.2% 1.6% -2.3% 0.8% 

1. Dollar amounts are In thousands. 
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Elmit 8 

COMPAFSONOFACTUAL1993DEVELOPMENf 
WlTHFORECASTSFll-t-EDTHROUGH 

Accldent Actual FittedFactors 
m &p&( Fxwnential m &&& 
1968 1.081 1.079 1.095 1.120 

1993LossForeCastErTM 

1969 1.200 1.086 1.101 
1970 1.111 1.003 1.107 
1971 1.132 1.100 1.113 
1972 1.143 1.108 1.120 
1973 1.034 1.117 1.128 
1974 1.154 1.127 1.136 
1975 1.111 1.137 1.144 
1076 0.847 1.148 1.154 
1977 1.017 1.180 1.164 
1978 1.059 1.173 1.175 
1079 1.455 1.187 1.187 
1080 1.176 1.202 1.200 
1981 1.321 1.219 1.2i4 
1082 1.250 1.237 1.229 
1983 1.429 1.256 1.245 
1984 1 .ooo 1.276 1.263 

Total Error -525 -5127 $83 
PercentageError -0.2% -1.0% 0.8% 

1.120 114 
1.120 23 
1.120 
1.120 24 
1.120 -48 
1.120 
1.120 
1.120 
1.120 
1.120 
1.120 
1.120 
1.120 
1.120 
1.120 
1.120 

34 

21 
-14 

-177 
-84 
-97 
147 
-13 
54 

3 
12 

-28 

99 
5 

20 
16 

-54 
14 

-18 
-181 

.a7 
-99 
147 
-12 
57 

5 
13 

-28 

80 
-11 
13 
16 

-50 
26 
-5 

-161 
-61 
-52 
184 

20 
108 

31 
22 

-12 

J?Kr!Ei 
1. Dollaramountsaminthouaands 
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Exhibit 9 

Accident- 
WI 

1968 
1869 
1970 
1971 
1972 
1973 
1974 
1975 
1978 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 

SAMPLEPOLLUTIONDEVELOPMENTDATA 

Asofl2l3ll 
l99il!&!zm 

120 
320 
240 
loo 

80 
110 
100 

50 
90 
IO 

110 
0 

40 
40 
50 

180 
170 

$480 
240 
530 
330 
110 
120 
150 
110 

50 
80 
20 

110 
0 

70 
SO 

150 
320 
170 

1. Dollar amounts are in thousands. 

300 
820 
430 
110 
110 
110 

90 
40 
60 
30 

120 
0 

40 
70 

120 
170 
150 

Development Factors 
m!lE!iu!z 

1.4375 1.1522 
2.0000 1.2500 
I.6583 1.1898 
1.3750 1.3030 
1.1000 1.0000 
1.5000 0.9187 
1.3638 0.7333 
1.1000 0.8182 
1 .oooo 0.8000 
0.6867 1.0000 
2.0000 1.5000 
1.0000 1 a909 

I .7500 0.5714 
1.2500 1.4000 
3.0000 0.8000 
2.0000 0.5313 
I .oooo 0.8824 
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E%hibitlO 

& 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1076 
1977 
1978 
1979 
1980 
1981 
1982 
1993 
1984 
1985 

Exponentisl M&l 

ActuslThmughlZ!/ F^BledAnnwlDevelopmenlmmughYearEndingi2/31/ FOrecast One-Year Em 

isi? lEB3 El% l.923 l9.E I% 1996 ls?zl%??3 ms 2wo+ m plJ@i& 19923s 
1.438 1.152 1.215 1.172 1.138 1.111 1.599 I.072 I.056 1.046 1.202 1.963 fl,LWO $71 49 
2.cim 1.250 
1.656 1.170 
1.375 1.303 
l.lW l.CQO 
1.5W 0.917 
1.364 0.733 
1.1M) a.98 
l.m 0.800 
0.887 l.WO 
2.wlo I.500 
1.m 1.091 

l.-lso 0.571 
1.2% 1.400 
3.wl 0.800 
2ccQ 0.531 
1.m 0.882 

TOtal 
Percent 

Selected Model Parame(ersz 
a=20233 b =a219 

1.232 1.165 I.150 1.1x) 1.097 1.078 1.062 
1.251 1.201 1.162 I.130 1.104 1034 1.067 
1.271 1.217 1.175 1.140 1.113 I.091 1.073 
1.293 1.235 1.189 1.152 1.122 I.008 1.079 
1.316 I.254 l.Xl4 1.164 1.132 1.106 1.085 
1.341 1.274 1.220 l.V7 1.142 1.114 1.092 
1.369 1.296 1.238 1.791 1.154 7.123 1.009 
1.390 1.320 1.257 1.207 1.166 1.133 1.107 
1.431 I.348 I.278 I.223 1.179 I.*44 1.116 
1.465 1.374 1.300 1.241 1.194 1.156 1.125 
I.503 i.404 1.324 1.261 1.200 1.188 1.135 
1.543 1.436 1.350 1.282 I.226 1.182 1.146 
1.587 1.471 1.379 1.304 1.244 1.195 1.158 
1.634 1.509 1.400 1.329 1.264 1.212 i.170 
1.685 1.550 1.442 1.355 1.235 t229 I.184 
I.740 1.595 1.470 I.364 1.a 1.247 1.199 
I.@30 1.642 1.516 1.414 1.323 1x7 1.215 

a.- 0.647 p= 3.515 Ermr=2,357 

1.050 1.221 2.074 622 
1.05-a 
1.058 

1:FlE 
1.074 
1.080 
1.086 
1.093 
1.W 
1.108 
1.117 
1.127 
I.137 
1.148 
1.180 
1.173 

1.241 
1253 
1.207 
1.314 
1.343 
1.375 
1.410 
1.449 
1.492 
1.540 
IS!33 
1.653 
1.719 
1.793 
1.077 
1.971 

2.193 1.350 
2.332 1.w 
2.491 274 
2.672 294 
2.877 316 
3.118 281 
3.398 136 
3.726 224 
4.111 123 
4.566 54 
5.114 0 

:z 
231 

7:520 s 
8.710 1,481 

10.170 1523 - 

59.294 

92 15 
130 -17 

25 2a 
-19 -26 
15 do 

2 
-27 zl 
-20 -26 
69 -21 

-2 343 

7 4.3 
-15 5 
66 -113 
42 -340 

-135 -129 

$114 $911 
5.9% 31.6% 

NOTE: 
1. Ooilaramwntsareinthcusands. 



Exhibilll 

COMPARlSONOFACTUALANDFlTTEDSAMPLEPOLLUTlONDEMLOPMENT 

PowerMode! 

Ac4ei-d AdualThrough12/ FiltedAnntmlllevalopnantThmughYearEndingl2/311 FOrd One-Year Ermr 
&Lr m J$@ m2aixtmmm mj@m 

1968 1.438 1.152 1.200 1.168 1.139 1.117 Ia9 I.085 1.073 1.063 2644 s1.401 576 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1960 
1981 
1982 
1983 
1984 
1986 

Total 
PWCWd 

2.oon 
1.656 
1.375 
1 .lW 
1.503 
1.364 
1.100 
l.OW 
0.667 
zoo0 
l.COJ 

1.750 
1.250 
3.m 
2.m 
l.OW 

I.250 
1.170 
1.303 
l.ca3 
0.917 
0.733 
0.616 
0.8W 
l.ooO 
1.5W 
l.CSl 

0.571 
1.m 
0.800 
0.531 
0.882 

SekadMadelParametecs: 
s=108,782 bs4.247 

NOTE: 
1.Ddksmwn(sminthwsands. 

1.215 1.178 1.149 1.125 1.106 
1.233 1.192 1.160 1.134 1.113 
1.252 1.207 1.172 1.144 I.121 
1.273 1.224 <.I85 1.154 1.129 
1.296 1.242 1.199 1.166 1.139 
1.322 1.262 1.215 1.178 1.149 
1.351 12s4 1.232 1.192 1.160 
1.383 1.3m 1.251 1.207 1.172 
1.418 1.336 1.272 1.223 1.166 
1.458 1.366 1.2% 1.241 1.199 
1.502 1.339 1.321 1.261 1.215 
1.562 1.437 1.350 1.263 1.232 
I.608 1.479 1.382 1.308 1.251 
1.672 1.526 1.417 1.335 1272 
1.744 1.579 1.457 1.385 1.295 
1.825 1.638 1.501 1.399 1.321 
1.916 1.706 I.551 1.436 1.349 

a= 0.602 p= 3.362 Ermr~2.378 

I.090 
1.036 
1.103 
i.109 
I.117 
1.125 
1.134 
1.143 
1.154 
1.168 
1.178 
1.191 

:z 
1.241 
1.261 
I.283 

1.077 
1.062 
1.067 

:~~ 
1:1os 
1.113 
1.121 
1.128 
1.138 
1.148 
1.159 
I.171 
1.184 
1.199 
1.2l4 
IPI 

1.067 
1.071 
1.075 
1.080 
1.085 
l.WO 
1.096 
l.lu2 
r.ica 
1.117 
I.125 
1.134 
1.143 
1.154 
I.185 
1.177 
1.191 

1.570 
1.616 
1.665 
1.718 
1.775 
1.837 
lm4 
1.976 

cz 
2244 
2352 
2.473 

tFz 
2.928 
3.121 

2.811 '843 
3.cce I.863 
3.225 1.337 
3.472 382 
3.765 414 
4G97 451 
4.467 404 

4.943 5.482 z 

6.131 6.910 z 
7.856 0 
9.627 

10.482 E 
12.313 1,478 
14.635 2,486 
17.639 2,646 

$13,746 

.94 
135 
30 

-97 
16 

5 
-25 
-19 
-68 

2 

-11 
63 
28 

456 

$101 
5a 



A&dent ActualRvaghIzl FiltedAmuatDwkment~Yea~12f311 C!neYwrEm 
&g m As 

sEr2&~~1994 f-f33 
39.s Is ls?lJst! Is%2 

1968 1.436 I.152 1-W . . f-048 lmu 1.007 1.002 
1989 2rm I.269 1.211 I.154 l.lM IBB 1.011 1.003 1.031 1.407 422 88 I.23 

1.170 
1.303 
I.&W 
0.917 

:z 
oi4m 
I.ooO 
1500 
I.091 

0.571 
I.400 
0.800 
0.531 
0.682 

.._ ._ 
1.059 
1.074 

COMPAf?lSONOFACTUALANDFITTEDSAMPLEF#LLUTKJNDMLOPMENT 

we.ibd fvlcdd 

1970 I.656 
1971 1.375 
1972 I.fW 
1973 I.500 
I974 I.364 
1975 1.100 
1976 l.wo 
19n 0.667 
1978 2.ow 
1979 l.WU 
1980 - 
1981 1.750 
1962 I.250 
1983 3.m 
1964 2.903 
1995 l.m 

TIM 
PW-d 

SekdedMcddP- 
a-23.214 b=7.909 

NOTE: 
I. Dc4twmll,nmbarein-. 

1291 1.233 I.175 
1.313 I.258 1.197 
I.333 I.278 1.220 
I.357 1.3W 1242 
1.376 I.322 1.265 
1.399 I.344 1.267 
1.420 1.36s 1.310 
1.441 I.367 1.331 
1.461 I.408 1.353 
1.481 1.428 1.374 
1.502 1‘449 I.?66 
1.522 1.469 1.416 
I.543 1.490 I.437 
1.564 1.510 1.457 
1.548 1.531 1.478 
1.608 1.562 1.496 

a- 0.614 

1.121 
1.14I 
I.163 
I.184 
1.207 
1.229 
1.252 
I.274 
1.296 
1.319 
1.340 
1.362 
I.383 
1.404 
1.425 
1.445 

p- 3.5513 

I.091 
1.110 
1.129 
I.150 
1171 
1.194 
1.216 
I.238 
1.261 
1.293 
1.396 
1.328 
1.349 
I.371 
1.392 

1x138 
1.m 

::iE 
1.699 
I.110 
1.136 
1.158 
1.180 
1203 
1225 
1.246 

:z 
1.315 
1.337 

Emv=23sl 

1.016 I.005 1.r.m 
I.624 I.008 lm3 
:z 

lb57 

l.tn3 1.019 I.@38 1.003 

1.027 1.013 
1.071 I.037 1.021 
1.098 1.049 I.032 
1.106 1.062 1.046 
1.126 1.078 1.088 
1.146 1.095 1.094 
1.168 1.114 1.128 
I.190 1.134 1.170 
I.212 1.155 1.221 
1234 I.177 1.m 
1.257 1.199 I.359 
1.279 I.221 I.449 

l.m2 931 II7 
I&?1 697 15 
1.764 194 -24 
1.925 212 11 
2.122 -2 
2348 Et -30 
2.625 1m -2, 
2.942 177 -70 
3.321 IW 5 
3.774 463 -53 
4.315 0 - 

6:&l iz 
193 9 
43l -12 

7.777 l,zJi ii 
9.116 1,367 -103 

$7,156 w9 
6.6% 
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Due to Inactive Hazardous Waste Sites 
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“ESTIMATION OF LIABILITIES DUE TO INACTIVE 
HAZARDOUS WASTE SITJZS” 

Abstract: 

The potential liability associated with inactive hazardous waste sites can be large for both 
policyholders and insurance companies. Our paper outlines several methods that can be used 
to estimate and monitor insurance company and/or policyholder liabilities associated with 
inactive hazardous waste sites. We have outlined several publicly available data elements which 
can be helpful in evaluating environmental liabilities. 

None of the procedures described in this paper provide “the method” to analyze environmental 
liability exposures. For financial reporting purposes, company management needs to evaluate 
the details of its own exposures and judge the ultimate cost based on current facts and financial 
reporting principles. 

Additionally, this paper summarizes the legal issues involved in environmental coverage disputes 
between insureds and insurance companies. For the past ten years issuers of CGL policies and 
their policyholders have engaged in a protracted struggle to determine whether or not 
environmental liabilities are entitled to defense and indemnity under CGL policies. This paper 
discusses major coverage issues such as what constitutes a “suit”, whether it results in 
“damages”, whether it was “sudden and accidental”, etc., upon which the primary battle lines 
between insurers and insureds are drawn. Although the legal landscape of environmental 
insurance coverage is becoming clearer, many of these and other issues have not been decided 
in a number of jurisdictions. 
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“ESTIMATION OF LIABILITIES DUE TO INACTIVE 

HAZARDOUS WASTE SITES” 

INTRODUCTION 

Property and casualty insurance companies are under increasing pressure to set aside 

large sums for clean-up costs and other damages associated with inactive hazardous waste 

sites. A significant portion of this potential liability arises from commercial general 

liability (CGL) policies issued between ten and thirty years ago or more. 

The clean-up cost liabilities arise from the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA) passed in 1980. This act is commonly 

known as Superfund and it provided a financial mechanism for funding the clean-up of 

inactive hazardous waste sites. This act was reauthorized and amended in 1986 by the 

Superfund Amendments and Reauthorization Act (SARA) and is again up for 

reauthorization in 1994. 

Transporters and generators of hazardous waste as well as owners of dump sites are 

potentially responsible parties (PRPs) for cleaning up waste sites. Superfund employs 

the following legal bases: 

. Strict liability; 

. Joint and several liability; and 

. Retroactive liability. 

The potential liabilities that arise from Superfund could be staggering for both insurance 

companies and PRPs. To put the potential cost in perspective, the Environmental 

Protection Agency (EPA) estimates that the clean-up costs for the approximately 1,300 

sites currently on the national priorities list (NPL) may be $30 billion to $40 billion. 
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This figure is expected to increase significantly as more of the 37,000 potential sites are 

added to the NPL list’. Additionally, a University of Tennessee study estimates that 

environmental clean-up costs could exceed $1 .O trillion *. Attention from several forces 

such as the Securities Exchange Commission (SEC), regulators and rating agencies 

regarding the reporting of environmental liabilities has recently increased due to the 

magnitude of the potential liabilities. 

In 1992 the General Accounting Office (GAO) recommended that the SEC require 

insurers to disclose in their annual reports the number and type of environmental claims 

they have received and an estimated range or minimum amount of associated claims and 

expenses. 

The 10-K’s of industrial companies in general state that their pollution liabilities are 

covered by insurance, and therefore, have no effect on their bottom lines. However 

stock insurers often state that environmental claims filed to date are not covered by the 

policies in question and are only posting modest amounts relative to the potential 

exposure. Therefore, there is a concern that neither companies nor insurers are 

recording environmental liabilities. In an attempt to improve this situation, the SEC 

issued Staff Accounting Bulletin No. 92 in July 1993 requiring companies to disclose 

liabilities both gross and net of anticipated insurance recoveries. The 1993 10-K’s issued 

by industrial companies and insurers may shed some light on the insurance recoveries 

anticipated by insureds as compared to liabilities acknowledged by insurance companies. 

In the remainder of this paper, we will: 

. Describe methods which can be used by insurance companies to analyze their 

‘David Foppert “Pressure Mounts for Clean-up Reserving” Best’s Review, November 1993 

*Hazardous Waste Remediation Project Study of the University of Tennessee, December 
1991 
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environmental liabilities; 

. Outline publicly available data that can help actuaries and claim administrators in 

the evaluation of environmental liabilities; 

. Describe procedures that analysts are likely to apply based on public data as well 

as methods that management might want to include as part of its overall evaluation 

of a company’s environmental liabilities; and 

. Discuss insurance coverage issues (this legal analysis is attached as Appendix A). 

Any reference to environmental liabilities in the following sections should be interpreted 

as liabilities arising out of inactive hazardous waste sites. We acknowledge that other 

liabilities may be classified as environmental liabilities (e.g. oil spills); however, these 

categories are outside the scope of our paper. 

None of the procedures described in this paper provide “the method” to analyze 

environmental liability exposures. For financial reporting purposes, company 

management needs to evaluate the details of its own exposures and judge the ultimate cost 

based on current facts and financial reporting principles. Management should also 

consider the provisions under the Superfund Reform Act of 1994 which are likely to have 

a significant impact on these liabilities. 

Evaluating Environmental Liabilities 

Traditional actuarial reserve projection techniques are not directly applicable in 

evaluating environmental liability exposures for several reasons. First, it is difficult to 

assign losses to an accident or policy year. If a firm dumped at a particular site between 

1950 and 1990, the assignment of damages to years is uncertain. Second, insurance 

companies and insureds are involved in extensive litigation with regard to coverage 
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issues. Finally, we lack historical data and there may be changes in the state and federal 

laws under which these claims may be ultimately resolved. 

We will discuss a number of methods to project environmental liabilities in this paper. 

Specifically we will discuss the following methods which we believe can be used to 

project environmental liabilities: 

1. A curve fitted to calendar year emergence; 

2. A calendar year loss development method; 

3. An industry benchmark method; 

4. A market share model; and 

5. An exposure model. 

The first two methods are loss development methods, the only difference between the two 

methods being how the development factors are derived. In method 1, we rely on a 

curvefit of the insurance company’s internal data, while in method 2, we analyze this 

data and an external data source to select development factors. 

Method 3 provides benchmarks an individual company may use to compare itself to peer 

companies and the industry. These benchmarks provide guidance on the relative level 

of the company’s reserves and payments as compared to the industry and peer 

companies. The benchmarks that are used for comparison include: reserves as a 

multiple of annual payments or annual incurred and indicated market share based on 

payments and incurred losses to date. 

Methods 4 and 5 are exposure-based methods. Method 4 requires an estimate of the 

liability for the U.S. insurance industry and assumes that an individual company’s share 

is represented by its general liability premium market share. Method 5 provides a 

systematic process of estimating these liabilities using insurer and EPA data. 
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LOSS DEVELOPMENT METHODS 

Methods 1 and 2 are loss development methods. These methods treat the losses arising 

out of inactive waste sites as if they were due to one accident year and measure the 

development of these losses in total. As we mentioned previously, it may be difficult or 

impossible to assign individual environmental claims to accident years. Also, underlying 

“causes” of development are calendar year events which have the same effect on all old 

accident years regardless of accident year age. For example, in the case of clean-up 

costs for inactive waste sites, the underlying cause of development is the passing of 

CERCLA in 1980. 

The purpose of the two development approaches is to use a methodology which is 

generally used for actuarial projections, until such time as a company has sufficient data 

to utilize more refined approaches. The assumption underlying the projections is that 

there is a relationship between environmental losses reported and the ultimate losses. 

The approaches differ with respect to the source of the development factor, with one 

inferred from the patterns in the actual data, and the other derived from an external - and 

presumably sufficiently comparable - source. 

CURVJ3 FITTING TO CALENDAR YEAR EMERGENCEMETHOD 1 

In explaining why we might want to rely on calendar year emergence, it may be useful 

to outline what we will call the life cycle of latent claims. This life cycle can he broken 

I down into the following segments: 

Event: Something happens to expose an individual/property to a hazardous agent (e.g. 

the initial dumping of waste into a site which does not immediately result in any property 

damage); 

308 



Emosure: Once the event occurs, the exposure to the hazardous agent takes place 

often over a long and undetermined period of time (e.g. chemicals from the site slowly 

enter the ground water system); 

EmerQence : The effects of the exposure are known (e.g., it becomes clear that the 

ground water system is polluted). In this stage claims are made or PRPs notified; and 

~5% Payments are made to clean up sites as well as legal fees incurred to 

determine coverage issues. 

The attached Exhibit 1 displays a graph for a hypothetical life cycle for latent claims. 

Much of the activity that led to waste site claims occurred between 1950 and 1980. 

This is the event stage. Stage two, the exposure stage, probably overlapped with the 

event stage but may have initially lagged the event stage by several years (as the 

chemicals dumped did not immediately leak from the site). 

The next stage, the emergence stage, probably lagged the exposure stage by several 

years (especially the emergence of the clean-up costs of inactive waste sites, which 

is governed largely by Superfund legislation). Superfund did not become law until 

1980. Therefore, we would expect the emergence curve to start low but increase 

dramatically after 1980. 

We would expect the expenditure curve to lag the emergence curve by several years 

and to increase less dramatically than the emergence curve due to the fact that several 

coverage/liability issues are delaying actual payments. Additionally the expenditure 

curve will be extended after the site is cleaned up because annual maintenance costs 

are significant and may he expected to continue for 30 or more years. While the 

expenditure curve only reflects payments in Exhibit 1, the expenditure horizon could 

be separated into two steps: (1) Loss reserves established; and (2) Claim payments 
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made. 

The curve fitting to calendar year emergence method extrapolates the ultimate claim 

costs based on fitting an “S” curve to the cumulative calendar year incurred losses. 

Exhibit 2 displays cumulative incurred environmental losses by accident year and 

calendar year for a hypothetical insurance company, ABC Insurance Company, based 

on the insurance company’s assignment of losses to accident year. As the exhibit 

shows, the accident year losses do not display a normal development pattern for a 

property/casualty coverage as no payments or case reserves were established prior to 

year end 1989 for accident years 1970 through 1977. 

However, it appears that the calendar year cumulative losses, in total, may be 

extrapolated based on an “S” curve. Exhibit 3 displays the actual and fitted points . ...,* 
and the estimated curve. The footnotes on Exhibit 3 elaborate on the mathematical 

form of the curve. (However, it should be noted that there is considerable 

uncertainty involved in estimating the shape of the curve at this time due to the fact 

that few of the waste sites have been cleaned up.) This method implies that currently 

reported incurred losses will increase from $128.8 million currently to $600.4 

million. 

A second version of the curve fitting to calendar year emergence which may be 

useful in the future is an extrapolation based on actual payments. At this point in the 

environmental claim cycle so few payments have been made that this procedure is not 

practical. 

-,- 

CALENDAR YEAR LOSS DEVELOPMENTMJ3THOD 2 

For this method, ABC’s reported losses to date are projected to ultimate using 

development factors from an external source that reasonably matched ABC’s 

development to date. 

310 



This method is illustrated on Exhibit 4. The method relies on the incurred 

environmental losses, from Exhibit 2, by accident year and calendar year for ABC 

Insurance Company. The accident year losses do not display a normal pattern of 

development for a casualty coverage, however; it appears that the calendar year 

incurred loss totals at the bottom of the exhibit show a “development pattern”. 

We selected Reinsurance Association of America (RAA) 1993 data as the external 

source of data which might reasonably match ABC’s loss development to date. 

Exhibit 4 compares the environmental calendar year period to period development 

factors from Exhibit 2 to the incremental RAA factors. The R4A data is provided 

on an accident year basis and the factors on Exhibit 4 display the incremental change 

in the RAA accident year losses from one year to the next. 

By posting the calendar year development factors for ABC’s environmental claims 

against the incremental (age to age) accident year R4A factors, we are attempting to 

match ABC’s age-to-age factors against the RAA factors to estimate the equivalent 

maturity of ABC’s environmental claims. Based on Exhibit 4, we would estimate that 

ABC’s environmental claims (in total) are at a maturity equivalent to an accident year 

at 36 months of maturity. Therefore, one approach to develop ultimate environmental 

losses for ABC Insurance Company is to multiply the environmental losses to date 

by a 36 month to ultimate loss development factor from RAA data. The following 

chart displays the calculation. 

ABC-Ultimate 
Environmental Losses 

(1) ABC Incurred Losses - Ail Years 
(2) 36 Month to Ultimate Factor Based on RAA Data* 

(3) Ultimate Environmental Lasses (1)x(2) 

(4) Environmental IBNR Reserves** (3)-(l) 

$128,790 
3.6 

463,644 

334,854 

* Based on our review of RAA GL data for combhd treaty and facultetive 
business excluding environmental and asbestos claims 

*+ Including supplemental development on case reserves. 
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The results obtained using this method have to be monitored closely. The following 

discussion is helpful in understanding why we believe a factor of 3.6 may be too low 

for an insurance company with significant exposures and some of the limitations of 

this method. 

1. The claim paying and reserving activity for environmental claims has just 

begun for many companies and it is likely to extend over a period in 

excess of 50 years. Using what has emerged in a horizon of less than 10 

years to project what may be expected in the next 40 years is best 

characterized as the “tail wagging the dog.” 

It is important to note that in using the RAA patterns we are not stating 

that the environmental loss development patterns are similar to excess 

reinsurance patterns. Those patterns were selected because they provided 

a reasonable match to ABC’s development to date, and we believe that 

environmental patterns, like excess reinsurance patterns, have a long tail. 

I 

2. As is discussed later, our crude estimates of environmental losses for the 

U.S. insurance industry indicate a ratio of ultimate losses to recognized 

losses (payments to date + case reserves + IBNR) of 4.7, which is in 

excess of 3.6. If only reported losses were considered for the U.S. 

insurance industry, the ratio would have been higher than 4.7. 
q 
- 

The 4.7 ratio is based on an estimate of $70 billion for the U .S . insurance 

industry ultimate losses and recognized losses of $15 billion through 1993. 

(A special report by A.M. Best’s entitled “Environmental/Asbestos 

Liability Exposure: A P/C Industry Black Hole” dated March 28, 1994 

indicates that approximately $15 billion has been recognized by the U.S. 

insurance industry through 1993. The U.S. insurance industry estimate 

of $70 billion is based on our analysis outlined in Attachment A.) 
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INDUSTRYBENCHMARKSMJZTHOD 

There are multiple forces exerting pressure on an insurance company to 

recognize environmental liabilities, e.g.. , rating agencies such as Best’s, SEC 

and regulators. However, the standards for establishing appropriate 

environmental liability reserves are still developing. There is uncertainty 

associated with the estimation of ultimate liabilities because historically based 

actuarial approaches do not apply and exposure models, when applied, may 

produce significantly different results with small changes in assumptions. The 

Super-fund Reform Act adds another dimension of uncertainty in the estimation 

of these liabilities. The Superfimd Reauthorization Act, as proposed, has 

sweeping changes which could have a significant impact on these liabilities. 

A large portion of these liabilities may be addressed via a premium tax. 

Given these uncertainties, one approach to evaluating environmental liabilities 

may be to examine the reasonableness of the reserves from a number of 

perspectives including comparison to industry averages and consistency over 

time. 

We have used actual data for Company A from its 1992 IO-K, adjusted by an 

arbitrary scale factor to obscure its identity, to illustrate benchmarks an 

insurance company might consider in evaluating its environmental liabilities. 
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(Dollar Amounts in Millions) 

(41, (5) and (6) from A.M. Best’s repon entitled “Envimnmcnral/Asbestos Liabiiiry Exposure: A P/C hdurny Black Hole.” 

The following observations can be made about Company A reserve levels: 

(1) Company A’s reserves appear to be less adequate than industry reserves. (Line 7a 

versus 7b and 8a versus 8b) 

(2) Company A’s share of losses paid has been 11.5 % (line 9) and its share of losses 

incurred is approximately 8% (line 10). Its market share based on CL premium 

is 4.5 %, The payment and incurred ratios to date indicate that Company A’s share 

of ultimate losses might be higher than its 45% premium share, This suggests 

several possibilities, two of which are as follows: 
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(3) 

(4) 

(a) Company A’s GL market share may not be representative of its share of 

industry losses because of higher than average exposure to insureds with 

environmental liability exposures. 

(b) Company A’s share is higher initially but will drop down to its GL 

written premium market share because most of Company A’s exposure is 

in states where the environmental case law is more developed than for an 

average state, or its limits are lower. 

Company A’s reserves can fund 2 years of payments, compared to industry reserve 

levels which provide for 6 years of payments. (Line 7a versus 7b for 1992) 

Company A’s reserves provide for 1.2 years of IBNR losses compared to an 

industry level of 3 years (Line 8a versus 8b for 1992). IBNR provides for true 

unreported claims as well as adverse development on reported claims, Due to the 

uncertainty associated with coverage issues, initial case reserves may be low even 

for claims that settle for significant amounts. 

While reviewing the environmental liability reserve levels for Company A it might be 

instructive to review them in the context of what might be needed if Company A selected 

a reserving approach based on analysis of the U.S. insurance industry data. The 

following table displays the estimated paid losses through year-end 1993 for the U.S. 

insurance industry and some critical observations that can be inferred from the U.S. 

insurance industry experience. 

315 



ESTIMATED PAYMENT PATTERN 
U.S. MSURANCE INDUSTRY 
ENVIRONMENTAL LOSSES 

Estimated insurance 
Calendar Year Industry Payments 

(in Millions) 

1. 1985 and Prior $500.0 

2. 1986 237.8 

3. 1987 255.3 

4. 1988 360.8 

5. 1989 468.1 

6. 1990 674.8 

7. 1991 886.5 

8. 1992 964.4 

9. 1993 1,060.8 

10. Total $5,408.S 

11. Estimated Ultimate U.S. Insurance Industry $70,000 
Losses 

12. Paid Loss Development Factor at December 13 
31, 1993 

13. Expected percentage of Losses Paid at 7.7% 
December 31, 1993 

14. Reserve to Average Calendar Year Paid Factor 65 
at December 3 1, 1993 (Assuming Average 
Calendar Year Payment of $1 Billion) 

(1): 
(2) - (5): 
(6) - (9): 

(11): 
(12): 
(13): 
(14): 

Estimated based on subsequent payments 
Estimated From Rand Study entitled “Superftmd and Transaction Costs” 
A special report entitled “Environmental Asbestos Liability Exposures: A P/C 
Industry Black Hole” by A.M. Best Company dated March 28, 1994. -- 
See Attachment A. 
(ll)+(lO) 

z 
.-I 

(lO)+(ll) 
(70,000 - 5408.5)/1,COO 

-_I 

Some of the,U.S. industry statistics that are helpful in the evaluation of Company A’s 

reserve levels are outlined below: 

. Percentage of losses expected to be paid through 

December 31, 1992 

[(lo) - (9)l / (11) 6% 
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. Multiple of payments indicated as of December 3 1, 1992 

for industry reserves to be fully funded assuming average 

calendar year payment of $1 billion 

[(ll) - (10) + @)I 1 1,ooo 66 

Assuming average annual payments of $100 million for Company A and a multiple of 

66 as indicated above, Company A’s ultimate losses could be $6.6 billion. Thus 

indicated reserves as of December 31, 1992 would be $6.2 billion ($6.6 billion - $0.4 

billion estimated paid through December 31, 1992). 

Assuming that 6% of ultimate losses are paid through December 31, 1992, the ultimate 

loss level for Company A is expected to be $6.7 billion ($0.4 billion / 0.06). Thus 

indicated reserves as of December 31, 1992 are $6.3 billion ($6.7 billion - $0.4 billion). 

i Using either one of the above approaches, Company A appears to be significantly 

underreserved with respect to what might be ultimately needed. 

Another test that is helpful to Company A would be to compare itself to its peers. The 

following chart displays the reserves as of December 31, 1992 expressed as a multiple 

of average calendar year payments for three stock insurance companies using data from 

12/31/92 IO-K’s 

SURVEY OF ENVIRONMENTAL LIASILITY RFSERVFs* 

FOR A SELECTED GROUP OF CO~IPANIIB 

(All Dollar Amounts in Millions) 

Of P) (3) (4) (9 (6) 
* W(4) 
RcacnC 

Cnksdnr Year F%wIalts AVMgO To Amud 

1990 m B?z 
AImsI Reserve fivmmt 

ppvment gB 12/31/92 w.!2 
Company 1 155 $30 $55 SW $734 15.6 
company 2 18 52 55 42 435 10.4 
company 3 72 102 131 102 340 3.3 

source: 1992 10-K’s 
< 

‘Iwhdcr Asbestos and Other Toxic Ton Claims 
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As in the case of Company A, these sample companies are posting reserves less than the 

65 factor that our analysis for the U.S. insurance industry implied. However, Companies 

1 and 2 show higher reserve ratios and are arguably more adequately reserved than 

Company A. 

While some companies might be justified in using a factor less than 65, a factor higher 

than 65 may be appropriate for companies that are paying environmental claims at a rate 

significantly slower than industry levels. Given the long term nature of these liabilities, 

an argument could be made that a factor less than 65 is reasonable. For example, 

industry net payments of $1 billion per year in a perpetuity at 5% interest would be 

funded by $20 billion, implying a factor of 20. 

The values described above could be altered by multiples (even orders of magnitude) 

based on court decisions on coverage terms, reinsurance treatment, etc. 
.._,. 

MARKET SHARE MODEL 

The market share model requires an estimate of the total cost to the insurance 

industry associated with inactive waste sites, Attachment A provides an illustration 

of how the total industry costs may be estimated. The cost for a specific insurance -.. -- 
company is estimated based on the company’s share of the total insurance industry 

cost. 

The specific calculation is described below: 

1. Total company and U.S. insurance industry general liability (GL) and Commercial 

Multi Peril (CMP) direct premiums written in the time period 1950-90 are 

compiled. We are only interested in GL and CMP premiums because these 

coverages are expected to generate the majority if not all of the insurance industry 

losses associated with inactive hazardous waste sites. We are interested in the 

years 1950-90 because those years are expected to generate the majority of the 

environmental losses. 
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2. Based on the information compiled in Step 1 above, individual insurance company 

direct premium as a percentage of total US, industry direct premium is calculated 

for the time periods 1950-55, 1955-60, 1960-65, 1965-70, 1970-75, 1975-80, 

1980-85 and 1985-90. 

3. Expected U. S. insurance industry environmental losses are then allocated to the 

five-year intervals described above using a basis such as the following: 

a. Years of operation of the sitesj: This is a proxy for years of dumping and is 

expected to provide a measure of the liability due to hazardous waste sites 

under the exposure trigger; or 

b. Year of discovery of sites: This basis of allocation provides a measure of 

liability based on the discovery trigger. 

4. Individual company losses are estimated as the product of the percentage estimated 

in Step 2 and US insurance industry environmental losses estimated in Step 3 for 

each applicable five-year interval. These estimates may need to be modified based 

on some additional factors. For example, if, an insurance company insured a high 

percentage of Fortune 500 companies or companies most often listed as PlWs, 

then, its exposure may exceed its market share as determined in Step 2. 

5. The result of Step 4 is an estimate of direct ultimate losses. The net ultimate 

losses may be estimated based on individual insurance company’s reinsurance 

programs. Some statistics that might be helpful in the estimation process include 

net to direct ratios exhibited by reported losses to date and written premiums. 

The procedure described above applies to primary companies. For reinsurers, a 

similar approach may be used with one modification. The modification occurs in 

’ The attached Exhibit 5 displays an allocation of costs to 5 year interval for a select 
number of NPL sites based on data published by the EPA (this data is discussed in a later 
section of the paper). 



Step 2 and involves analyzing a reinsurer’s assumed premium as a percentage of total 

direct premium to determine its share of the market. Additionally, the reinsurer’s 

market share may have to be modified downwards because it is expected that the 

reinsurer’s share would be lower than what its market share would otherwise 

indicate. This is because losses due to waste sites are expected to be spread over 

many years and many insureds, and therefore, may not expose the reinsurer as much 

as the primary company. (Steps 4 and 5 above would require a primary company’s 

market share to be increased based on the same logic.) Additionally, special 

adjustments may be necessary for companies which write a significant amount of 

excess and claims made coverage. 

The following table displays an estimate of the total cost for Company A based on 

the method discussed above4. 

MARKET SHARE MODEL 

($ Billions) 

I 
,_, 
+i 

II 1) Selected Insurance Industry Total Costs Due to 
I 

$70 
Inactive Waste Sites 

11 2) Percentage of Primary GL Market Written by 1 6% 
Company A 

3) Adjustment for Company A’s Relative Exposure (10 % 110% 

Greater Due to Concentration of lnsureds Which are 

Chemical Companies) 

4) Estimate of Losses Ceded to Reinsurers 

Therefore for Company A, the cost estimate associated with inactive waste sites is 

roughly $3.5 billion. 

.- 
= 

4For simplicity, the industry losses are not separated into 5 year periods. 
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EXPOSURE MODEL 

The exposure model separately estimates the costs for reported claims and incurred but 

not reported (IBNR) claims. We first discuss the cost estimation procedure for reported 

claims. The cost estimation procedure for IBNR claims is discussed later in this section. 

The costs due to inactive waste sites can be divided into the following categories: 

l Clean up costs; 

l Remedial Investigation I Feasibility Study costs (RI/FS); 

l Third party claim costs; 

l Allocated loss adjustment expense costs (ALAE); 

l Declaratory judgment action costs (DJA); and 

l Unallocated loss adjustment expense costs (ULAE). 

The data required for the analysis includes the following information from insurer 

records: 

l Reported claims and notifications per site and per PRP. 

l Coverage terms-retention, limits, applicable exclusions, etc. 

l Insurer estimates of costs (in total or in the categories listed above), likelihood of 

exposure, likely share of total clean-up costs for each insured, etc. 

l Reinsurance attachment points, limits, and policy terms. 

The insurer information can be supplemented by EPA data available in the following five 

databases. 

l Comprehensive Environmental Response, Compensation and Liability Information 

System (CERCLIS); 

l Site Enforcement Tracking System (SETS); 

l Superfund Comprehensive Accomplishment Plan (SCAP); 

l Record Of Decision (ROD); and 
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l State books. 

CERCLIS contains a significant amount of information on each site identified by the EPA 

(not just the NPL sites). The information is site specific and a few of the fields listed 

on the databases are: 

l Name of the site; 

l Location of the site; 

l The physical classification of the site (e.g. ground water contamination, dioxin, 

housing area); 

l Status (NPL, non-NPL); and 
I 
.,,-, asai 

l Discovery date of the site. 

While there are over 250 fields in CERCLIS, CERCLIS does not include a list of the 

parties who dumped at the site (PRPs), the expected future costs associated with cleaning 

up the site, the actual expenditures to date associated with the site, or information 

regarding the dates the site was used/closed. That information comes from other 

sources. 

The SETS database contains a list of PRPs identified by site. These PRPs may or may 

not have yet filed claims with their insurance carriers. To the extent that this list agrees 

with the insurers’ claim notifications, it represents reported claims. To the extent that 

policyholders are included in the SETS list but have not yet filed claims, these sites 

represent potential IBNR reports. 

-= 

The next database, SCAP, contains actual expenditures by site. The expenditures are 

divided into approximately 50 categories, which can be aggregated into two broad types 

of expenditures: 
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l Remedial Investigation/Feasibility study (RIIFS) expenditures; and 

l Actual clean-up costs. 

The RI/FS expenditures represent the costs associated with investigating the site and 

determining how to best clean up the site. These costs are often significant. Both RI/FS 

costs and actual clean-up costs are not available for all sites. 

The next database, ROD, contains information on clean-up costs estimated by the EPA 

at individual sites. The record of decision (ROD) is a formal estimation procedure 

employed by the EPA. 

The following information is available on ROD: 

l The date the ROD was established; 

l Estimated initial clean-up costs; 

l Estimated cost to monitor the site once the initial clean-up is complete; 

l Number of years of annual maintenance; 

l Whether the estimated costs are undiscounted or discounted: and 

l Owner of the site (sometimes). 

The ROD database also contains information on the physical condition of the site. In 

many cases the EPA delineates cost summaries by technology employed to clean up a 

site. 

Of the 1,300 sites on the NPL list, about 600 have RODS. Of the remaining non-NPL 
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sites RODS have only been completed on a small percentage of the population of sites, 

but it is anticipated that approximately 60% of the 37,000 potential sites will not require 

a ROD as the site will not need to be cleaned up. 

State Books 

The last data source is the state books. The state books contain, among other things, the 

number of years the site was in operation, the year the site was closed, nature of ground 

water contamination if applicable and proximity of neighborhoods to the site. 

Descrbtion of ExDosure Model - Known PRPs/Sites 

The model estimates ultimate losses associated with reported claims (situations where a 

PRP has notified the insurance company of its exposure at a site) for clean-up costs, 

RJ/FS costs, third party claim costs and ALAE. Estimates of costs for ULAE, 

Declaratory Judgment Actions (DJA) and IBNR are prepared separately. 

- 

‘- 

.._ 

The key steps in the model are as follows: 

1. Identify reported claims for each PRP and site combination 

2. Estimate costs by site from EPA data, insurer data and other sources 

3. Allocate the costs by year for each site 

4. Apply the PRP share to the step 3 results 

5. Apply policy limits and reinsurance retention by year/PRP/site 

6. Adjust for the probability that insurance coverage applies 

7. Repeat steps l-6 for each PRP/site combination and aggregate to obtain the total 

insurer cost estimate for reported claims 
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This model can be envisioned in the following manner by site. First, PRPs are identified 

by site. Step 2 involves estimating the clean-up and RI/FS costs by site. If a ROD 

estimate from EPA is available this may be used, otherwise, clean-up and RI/FS costs 

can be estimated. (For example, we would expect similar sites in the same general area 

to have similar costs.) Next, costs are spread to year and PRP based on the assumed 

legal coverage theory and known or estimated PRP shares. These costs are then increased 

for deficiencies in EPA estimates, third party costs, legal expenses, ALAE, etc. Some 

costs (e.g., third party costs) may be estimated as a percentage of the clean-up costs on 

the assumption that these costs are likely to be correlated with clean-up costs. 

Next, specific coverage items are considered (self insured retentions, aggregate limits and 

reinsurance). The result of the first four steps is the anticipated cost to the insurance 

company assuming that all inactive waste site exposures are covered (i.e. insurance 

company does not win on any coverage defense issues). Lastly, the probabilities of 

coverage responding are applied to certain cost items (to clean-up costs but not legal 

costs), 

Site Identification and Cost Estimates 

Based on insurance company records, known PRPs and exposure years can be identified. 

The sites on which PRPs are exposed can be identified from both insurer records and 

EPA databases. 

For example, from EPA data sources, a record can be created to reflect : 

l The insured (PRP); 
. A cost estimate for the site (clean-up, etc.); and 

l The number of years the site was in operation. 

Cost Allocation bv PRP and Year 

Next, costs by site need to be spread to year and PRP. 

There are several legal theories that can be used to spread the loss estimate to individual 
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years. Potential triggers are: 

l Exposure; 

l Manifestation; 

l Continuous; or 

l Actual injury. 

If the applicable trigger were the exposure trigger, the losses might be spread equally to 

the years the site was used (years of operation of the site may be used as a proxy if more 

detailed information is not available). Similarly, loss estimates under alternative triggers 

can be calculated. 

. 

Next, the PRP share by site/year may be estimated as (a) l/n where n is the number of 

PRPs on the site or (b) 1 /n adjusted to reflect the relative size or degree of responsibility 

for the PRP. A size adjustment would be based on the theory that a larger PRP is more 

likely to be able to pay and may have contributed more to the environmental impairment 

than a smaller PRP. One measure of degree of responsibility might be how often the 

PRP is on an EPA site list. Another measure of size is whether or not the PRP is a 

Fortune 500 company. 

., 

* 

.- 

For example, if 20 PRPs are named at a site, one estimate of a specific PRP’s share for 

the site would be 5%. However, a Fortune 500 chemical company should probably be 

assigned a share greater than 5 % . 

Policv Terms and Reinsurance 

In the next phase, policy provisions and reinsurance are applied to estimate individual 

insurance company shares of these losses under the assumption that coverage applies. For 

example, if the above mentioned procedure resulted in $1,275,000 of losses per year for 

a specific PRP insured, and if the insurance company only wrote policy limits of 

$l,OOO,OOO per year (in aggregate), then the insurance company’s indemnity exposure 

would be capped at $l,OOO,OOO per year. 
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Probabilitv of Coverage 

The last step would be to incorporate the probability that coverage applies to the 

estimates by site/PRP/year. This probability is based on the jurisdiction and the insurer’s 

coverage defenses. The probability of coverage responding is a rather complex item 

which would most likely vary by: 

l The coverage defenses postulated by the insurance company; 

l The state; and 

l The year (IS0 introduced a pollution exclusion in 1973 and a second stronger 

exclusion in 1986, and many companies follow IS0 forms.) 

The probability of coverage responding may best be thought of as a matrix by year: 

PROBABILITIES OF INSURANCE 
COVERAGE RESPONDING 

State 

Coverage Defense 

Clean-up Costs Not Damages as Defined in 

Clean-Up Costs Excluded Due to Pollution 

Coverages only applies if Damage is not 
I 

XX% XX% 
Expected or Intended 

Owned Property Exclusion XX% J XX% 

Late Notice of Occurrence 1 XX% XX% 

Total Costs 

The above procedure is performed by sitelPRP/year combination and the results 

aggregated to determine the insurance company’s potential reported exposure for a PRP. 

All insured PRPs can then be aggregated to estimate the insurance company’s potential 

exposure. 

DJA, ULAE and IBNR costs are described in the next sections 
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Declaratorv Judment Action (DJA) Costs 

DJA costs represent the costs associated with litigating coverage issues (e.g., whether a 

CGL policy responds to Superfimd clean-up). 

The DJA costs may be estimated based on: 

l Average DJA expenditures per site and PRP; 

l Expected number of future claims (PRP/site notifications); 

l A factor reflecting the fact that over time as coverage issues become more well 

defined, costs may be reduced; and 

l Inflation in legal expenditures. 

The following table displays a sample calculation for a hypothetical insurance company: 

ABC Insurance Company .1 

(1) Average Historical DJA Costs Per Site per PRP $75O,ocQ 

(2) Estimated Future Site/PRP Combinations Involving DJA Litigation 100 

(3) Factor Reflecting More Clearly Defined Case Law 50% 

(4) Inflation Factor for Legal Fees 1.2 

Estimated Future DJA Costs $45 Million 

ULAE costs 

One method to estimate ULAE costs is to estimate: 

l Average annual ULAE costs; 

l The number of years in the future for which ULAE costs will be incurred; and 

l Inflation in claims adjustment costs. 

For example, many insurance companies have established a special work force of claims 

personnel dedicated to handling only environmental claims. If we assume: 

.r 

(1) A unit generates annual salary and benefits of $350,000; 

(2) Wage and benefit inflation of 5% per year; and 
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(3) Environmental claims take 30 more years to be settled, 

then, the estimated ULAE reserve is equal to 

(35O,OOO)(1.O5)+(35O,OOO)(1.O5)2+...(35O,OOO)(1.O5)3o or approximately $24.4 million. 

IBNR Claims 

IBNR claims may result from the following: 

(1) Known PRPs being named at future sites; and 

(2) Unknown PRPs being named at known and future sites. 

The cost of IBNR claims can be calculated by PRP for known PRPs at future sites based 

on: 

. Anticipated number of sites where an insured (PRP) will be named; 

l Estimated cost of the sites (including clean-up; RI/FS costs, third party costs and 

ALAE costs); 

l The PRP’s share at IBNR sites (PRP shares at known sites may be used as a proxy); 

l Insurance company coverage response probability (again information at known sites 

may be used as a proxy); and 

l Coverage provisions and reiusurance. 

To illustrate, assume that PRPs have been notified by the EPA on 600 sites and 

ultimately we expect PRPs to be notified by the EPA at 3,000 sites. Therefore our IBNR 

claim universe for PRPs is 2,400 sites (i.e. the maximum number of additional times that 

an insured could receive a PRP letter is 2,400). Based on the 600 sites for which the 
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EPA has identified a list of PFWs, a specific PRP is identified 60 times (10% of the 

time). Therefore, for the additional 2400 sites we might assume that the PRP would be 

named 240 times (2,400 times 10%). 

Next, based on evaluating previous sites, we might estimate a clean-up cost of $33 

million for each newly identified site. 

Based on known sites, the PRP’s average share is 5 %. Based on the specific insurance 

company’s success in arguing that coverage does not apply and on the insurer’s coverage 

and limits, we estimate that the insurance company may be responsible for 40% of the 

total costs. Therefore, one estimate of the insurance company’s liability for a specific 

PRP’s IBNR exposure is: 

~ Insurance Company’s Estimated Liability for Newly Identified Sites 
(1) Estimated Number of Future Sites 2,400 
(2) Estimated PRP Exposure at Future Sites 10% 
(3) Estimated PRP IBNR Sites (1)x(2) 240 
(4) Average Cost of Newly Identified Sites $33 Million 
(5) PRP Share 5% 
(6) Insurance Company Coverage Probability* 40% 
(7) Third Party and ALAE Costs Factor 1.70 
(8) Insurance Company Liability (3)x(4)x(5)x(6)x(7) $269 Million 

*Includes coverage provtstons (e.g. hmns, number of years insured) 

This process can be repeated for all the insured PRPs to obtain a total estimate of IBNR 

cost for known PRPs at future sites. Unknown PRPs at current and future sites may be 

reflected using a judgmental factor. These costs can then be allocated to year based on 

EPA information (e.g., years of operation of the future site universe). 

M 

., 
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The IBNR estimates by year plus the estimates for reported claims equal the total costs. 
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If the estimates of total costs are summarized in five-year intervals, these values can be 

compared to the results of the market share model discussed previously. 

SUMMARY 

This paper has outlined several methods that can be used to estimate insurance company 

(as well as PRP) liabilities associated with inactive hazardous waste sites. Additionally 

we have outlined several publicly available data elements which can assist in evaluating 

environmental liabilities along with summarizing the current legal issues involved in 

coverage disputes between insureds and insurance companies (Appendix A). 

The potential liability associated with inactive hazardous waste sites is significant. 

Insurance companies and PRPs need to introduce procedures to attempt to monitor 

and quantify the potential liability. 

None of the procedures described in this paper provide “the method” to analyze 

environmental liability exposures. For financial reporting purposes, company 

management needs to evaluate the details of its own exposures and judge the ultimate 

cost based on current facts and financial reporting principles. Management should 

also consider the provisions under the Superfimd Reform Act of 1994 which are 

likely to have a significant impact on these liabilities. 
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Exhibit 1 

Lifecycle of Latent Claims 

60% 
* Event 

+ Exposure 

+ Emergence 

+ Expenditures 

1960 1970 1960 1990 2000 
Year 

2010 2020 2030 2040 

Event - Assumes the event stage occurs between 1960 and 1980. Company A uniformly 
dumps at a particular site between 1960 and 1980. 

Exposure - The chemicals start leaking in 1970 and are still leaking. Therefore the exposure stage 
starts in 1970 and is still occurring. 

Emergence -- The effects of the exposure are known. For one particular site, this may be a point in 
time. However, it will be a curve for all sites. 

Expenditures - Company A makes payments to clean up the site. Cleanup at the site begins in the 
year 2000 with ongoing maintenance continuing unCl2040. 



Exhibit 2 

ABC Insurance Company 

Environmental Claims 

Incurred Losses 

(SOOok) 

At At At 
12/88 12189 J2Jg 

At At At 
12/92 12193 12/94 

40 290 1,300 3,350 13,350 13,350 
150 600 600 600 800 1,200 

3 300 5,230 11,400 11,400 27,700 
50 50 600 800 5,000 7,200 
50 250 250 290 4,876 14,500 
50 40 600 620 1,690 11,800 

0 0 800 2,400 19,000 23,740 
0 0 1,000 7,300 29,300 29.300 

1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 

1978 & Subsequent 

Calendar Year Total 

0 

0 

0 

343 

0 

1,530 

0 0 0 0 

10,380 26,760 85,416 128,790 

Calendar Year LDF NA NA 4.46 6.78 2.58 3.19 1.51 



600 

-1 
0-I /--- i; ,. LLL 

1988 1990 1992 1994 

Calendar Year 
1996 1998 

S - Curve: Y = 200,140 Arctan[X - 19951 + 

Exhibit 3 

According to Makridakis and Wheelwright, “An S curve implies a slow start, a steep growth. and then a plateau.” 

Forecastina Methods for Manaaemen_t, Paqe 322. 
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Exhibit 4 

Calendar 
Year 

12189-12190 4.46 
12/90-12191 6.78 
12/91-12i92 2.58 
12/92-12193 3.19 
12193-12t94 1.51 

Comparison of Development Factors 

ABC Insurance Company 

Environmental Claims 

RAA Data For General Liability 

ABC 
insurance 
Company Aae to Aae 

RAA Accident Year 
Age to Aae Factors 

12-24 3.00 
24-36 1.60 



Exhibit 5 

An Estimate of the Allocation of NPL Clean-Up Costs 
to S-year Periods 

For Select NPL Sites 

Period 
Prior to 1901 

1901 190.5 
1906 1910 
1911 1915 
1916 1920 
1921 1925 
1926 1930 
1931 1935 
1936 1940 
1941 1945 
1946 1950 
1951 1955 
1956 1960 
1961 1965 
1966 1970 
1971 1975 
1976 1980 
1981 1985 
1986 &Subsequent 

Percentage 
4?lx!a 
0.64% 
0.22% 
0.29% 
0.37% 
0.41% 
2.58% 
2.19% 
0.59% 
0.81% 
1.75% 
2.76% 
6.32% 
9.99% 

12.99% 
15.84% 
18.04% 
16.88% 
5.25% 
2.10% 

Note: In allocating costs to S-year period, we assumed an 
exposure trigger and used the years of operation 
of the site as a proxy for years of dumping. The 
exposure is based on an allocation of ROD clean-up 
cost estimates to year for those NPL sites with 
available ROD cost estimates. 
l,, II!1 



Attachment A 
Sheet 1 

The approaches for esthnating insurance industry liabilities due to inactive hazardous waste sites 
are illustrated on sheets 2 through 7 of this attachment. We have used an estimate of $70 billion 
throughout this paper as an estimate of the total liabilities for the U.S. insurance industry. It 
is important to recognize that these ultimate loss estimates are highly uncertain. For example, 
a special report entitled “BnvironmentabAsbestos Liability Exposure: A P/C Industry Black 
Hole” dated March 28, 1994 indicates expected environmental liabilities of $255 billion. The 
best and worst case estimates in that report are $50 billion and $608 billion respectively, 
showing the uncertainty associated with estimating these liabilities. This uncertainty stems from 
the fact that many of these cases have not been resolved in court yet. In addition, average clean- 
up costs, third party costs, PBP shares, insurer litigation costs and success of insurer coverage 
defenses are critical assumptions in the estimation process and am best guesses at this point. 

The approach described in sheet 2 explicitly considers the various elements such as clean up 
costs, ALAB costs, etc. for which the insurance industry would be responsible with respect to 
inactive hazardous waste sites. The only item that is not considered is the payment associated 
with natural resource damages. The PIG%, and hence, the immance industry, may be required 
to share in the cost of restoring natural resources damaged by pollutants to their original form. 
The cost for this element is not considered because there is very little information available on 
this issue. Sheet 2 provides the ultimate loss estimate for the insumnce industry using a set of 
what might be considered reasonable assumptions. The notes on sheets 3 and 4 explain some 
of the thought process tbat underlies our assumptions. 

It is important to understand tbat there is uncertainty associated with each of those assumptions 
and more than one set of assumptions may be considered reasonable. To illustrate this 
uncertainty, we have included results based on a variation of the critical assumptions. Sheet 5 
provides results based on these alternate assumptions. 

Sheet 6 outliis an alternate method where the insurance industry ultimate loss payments are 
estimated as a percentage of total national expenditures related to clean-up activity. 

Sheet 7 SummarizRs the results of various estimates of ultimate environmental liabilities. 

Based on review of results in sheets 2, 5, 6 and 7 we selected $70 billion as the ultimate loss 
estimate for the U.S. insurance industry for the illustrations in the paper. 
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Estimated Ultimate Insurance Industry Liability 
Due to Inactive Hazardous Waste Sites 

Dollar Amounts in Millions 

(1) Expected number of ultimate NPL sites 

(2) Estimated clean up cost per site 

(3) Estimated RI IFS cost per site 

(4) Estimated total clean up and RJ I FS cost for NPL sites [ (1)x ((2)+(3)} ] 

(5) Estimated expected number of non-NPL sites 

(6) Estimated clean up and RI IFS cost per non-NPL site 

(7) Estimated total clean up and RI I FS cost for non-NPL sites [ (5)x(6) ] 

(8) Total clean up cost at NPL and non-NPL sites [ (4)+(7) ] 

(9) PRP share of (8) 

(10) Total PRP clean up cost responsibility [(8)x(9) ] 

(11) Thirdpartycosts [25%of(lO)] 

(12) Insurance Industry portion of PRF’ share if 
coverage were to apply 100% of the time 

(13) Insurance Industry cost if coverage were to apply 
lOO%ofthetime [((lO)+(ll))x(l2)] 

(14) Probability that coverage applies 

(15) Insurance Industry Indemnity cost [ (13)x(14)] 

(16) ALAE / ULAE I DJA costs as a percentage of total indemnity costs 

(17) ALAE/ULAF/DJAcosts [(15)x(16)] 

(18) Total cost to the industry for Indemnity, ALAE, ULAF, 
DJA costs [ (15)+(17)] 

Attachment A 
Sheet 2 

$180,000 I 
,,., 

50% :&I 

$90,000 ..I., 

$22,500 - 

60% 

$67,500 

$33,750 --- 

Et 

60% -..I 
-.““* 

$20,250 -_ 

$54,000 
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Attachment A 
Sheet 3 

i?sQuKe 

Coming Clean: Superfund Problems Can Be Solved 
Prepwed by Office of Technology and Assessment 
(OTA) (October 1989) 

(I) (a) EPA estimates that the number of NPL sites by the 
year 2000 would be 2,100. (Currently there are 
approximately 1,200 NPL sites and 37,000 
CERCLIS sites.) 

@) OTA estimates that the number of NPL sites by 
the yea 2000 would be 10,000. 

(c) Hazardous Waste Remediation Project (HARP) of 
the University of Tennessee estimates that based 
on current policies for addiig sites on CERCLIS 
and desigoatiog sites to the NPL, the number of 
sites in CERCLIS would grow to over 75,000 
producing approximately 3,000 NPL sites. HWRP 
estimates a plausible upper bawd of 6,000 NPL 
sites. 

(2) (a) EPA estimates averqe cost of completed cleanup 
excludiig non-federal transaction costs at $30 
million pa site. 

@) In 1990, EPA estimated that const~ction costs 
would approximate $25 million per sits. 

(c) The 1992 RAND study estimates the averqe cost 
to cleanup existing NPL sites at s2S to $33 million 
per site. 

(d) HWRF’ estimates that the avnage cost of 
remediation per site would ultimately rise to 
approximately $50 million per site. 

The cleanup cost estimates cited in (Z)(a)-(d) do 
not consider increases expected if guidelines 
established by SARA are strictly followed. 

(3) We assumed an average of $2 million per site or 
5% of average clean up costs for RliFs costs. 

(5x6) There are 37,000 sites in the Nation’s iaventoty. 
More than half of these sites would need no action 
beyond initial investigation. We essumed that 
approximately 15,000 sites will need some action 
an a non-NPL basis. We estimated that the clean- 
up and RI/FS cost at non-NPL sites would 
approxiamte IS% (or $5 million) of the cost per 
NPL site. 

HWRP study cites that most cleanup activity at 
non-NPL sites is removal of waste rather than 
remediation. They used clean-up cost estimates of 
SI million to $3 million for non-NPL sites in their 
study. 

Coming Clean: Superfund Problems Can Be Solved 
Prepared by Office of Techoology and Assessment 
(OTA) (October 1989) 

Cleaning Up Hazardous Waste: Is There a Better Way 
Prepared by Orin Kramer & Prof. R Briffault (January, 
1993) 

Cleatling Up Hazardous Waste: Is 7lwe e Better Way 
Prepared by Chin Kramer & Prof. R Briffault (January, 
1993) 

A Maaagoment Review of the Sumd Program 
pmpad by EPA (June, 1989) 

Sqxrhmd and Transaction Costs Prepared by RAND 
(ICJ) (1992) 

CleaninS Up Hazardous Waste: Is There a Better Way 
r by Orin Kramer & Prof. R Briffault (Januery, 

Cleaning Up Hazardous Wane: Is There a Better Way 
F’repared by Orin Kramer & Rot R Briffault (January, 
1993) 
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Attachment A 
snvrrr Sheet 4 

(9) (a) PRI”s M estimated to pay 50% of the total cost A Management Review of tbe Supefid Program 
for the cleanup of current NPL sites. Prepared by EPA (June, 1989) 

(b) PRps are cstimstcd to pay 45% of the total cost 
for the cleanup of cumnt NPL sites. 

Report to the Congress of the United States - An 
Overview of Supertimd Reauthorization Issues Dated 
March 29.1985. 

It is likely that PRps may be responsible for a 
larger share at non-NPL sites because of more PRP 
initiated actions at non-NPL sites. 

(II) The RAND study wtimated BIK’D claims 
emuntcd for 21% of the indemnity expendihurs 
for the bwrcrs in 1989. We selected 25%. 

Superfund and Transaction Costs 
Pnpercd by RAND (JCJ) (1992) 

(12) This percentage was judgmmtally selected based 
on our expmionw. Ihe Instuence lndustq will 
ultimately pay only a Portion of the PRP cleanup 
costs due to self-insured reteotioos and policy 
IimiLp. 

Judgment 

(14) Baaed on diiiona with Utomoya for PRP’a md 
inrumneo wmpenlee, wo &ctod I ruio of 50%. 
Ah, SEC Camlsoloa motnber, Riehud Y. 
Roberts, h quoted La Business We& u saying that 
blsureta are losing 70% of the time. 

The Hwicans Called Super&d 
Businosr Wmk article, Aquet 2, 1993 

(16) (a) The RAND study estimz~cd that transaction costs 
accounted for 88% of the total expenditures for the 
instuom in 1989. 

Superfund and Transaction Costs 
Prepared by RAND (ICJ) (1992) 

@) The RAND study estimated that hwsaotion costs 
ecwtmted for 69% of the total expenditures for 
closzd claims for the insurers in 1989. 

Superfad and Transaction Costs 
F-repare.5 by RAND (ICJ) (1992) 

(c) Paul Poilney of Resources for the Future has cited 
that tratmotion costs are running enywhac boom 
30% to 70%. 

Cleaning Up hazardous Waste: Is There II Better Way 
Prepared by Orio Kramer & Prof. R Briffault 
(January, 1993) = 

(d) We selected tmnaction cost8 aa mpreaenting 60% 
of tom1 insumr costs. ‘Ihis Election is based on 
items (a) - (c) discussed above and the expeotation 
that es the wverega defensea get played out in 
court, tmmection costs will go down BS I % of 
tote1 wN. 

Judgment 
- 

z 
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(1) 

(2) 

(3) 

(4) 

0) 

(6) 

0 

(8) 

(9) 

(10) 

(11) 

w 

(13) 

(14) 

w 

(16) 

(17) 

(18) 

Estimated Ultimate insurance Industry Liability 
Due to Inactive Hazardous Waste Sites 

Dollar Amounts in Millions 

Expected number of ultimate NPL sites 

Estimated clean up cost per site 

Estimated RJ / FS cost per site 

Estimated total clean up and RI I FS cost for NPL sites [ (1)x ((Z)+(3)} ] 

Estimated expected number of non-NPL sites 

Estimated clear up and Rl IFS cost per non-NPL site 

Estimated total clean up and RJ I PS cost for non-NPL sites [ (5)x(6) ] 

Total clean up cost at NPL aud non-NPL sites [ (4)+(T) ] 

PRP share of (8) 

Total PRP clean up cost responsibihty [ (8)x(9) ] 

Third party costs [25% of (10) ] 

Insurance Industry portion of PRP share if 
coverage were to apply 100% of the time 

lnsnranw Industry cost if coverage were to apply 
100% of the time [ ((lO)+(ll))~(lZ) ] 

Probability that coverage applies 

lnmrence Industry Indemnity cost [ (13)x(14) ] 

ALAE I ULAE / DJA costs as a percentage of total indemnity costs 

.4LAEIULAJJIDJAcosts [(15)x(16)] 

Total cost to the industry for Indemnity, ALAE, ULAE, 
DJA costs [ (15)+(17)] 

Attachment A 
Sheet 5 

5,000 

$50 

$3 

$265,000 

25,000 

57.5 

$187,500 

$452,500 

75% 

$339,375 

$84,844 

60% 

$254,531 

70% 

$178,172 

60% 

$106,903 

$285,075 

2,100 

$33 

$2 

$73,900 

15,000 

S5.0 

$75,000 

S148,SOO 

50% 

$74,250 

$18,563 

60% 

$55,688 

50% 

$27,844 

60% 

$16,706 

s44.550 
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ULTIMATE U.S. INSURANCE INDUSTRY LOSSES FOR INACTIVE 
HAZARDOUS WASTE SITES 

DOLLAR AMOUNTS IN BILLIONS 

(1) OTA estimate of spending by all parties on 
cleanup related costs 

(2) Estimate of national spending by all parties on 
cleanup related costs from inception through 1993 

(3) Insurance company expenditures 
from inception through 1993 

(4) Insurance company expenditures as a % 
of total national annual spending 

(5) Insurance company ultimate expenditures 

$500.00 

$30.00 

$5.40 

18.00% 

$90.00 

COMMENTS 

Note 1 

Note 2 

Note 3 

(3) l(2) 

(4) * (1) 

NOTES: 

We have assumed that the Office of Technology and Assessments (OTA) estimate of $500 billion represents total expenditures of the natIon as 

they relale to inactive hazardous waste sites. We have seen other reports where OTA’s estimate was interpreted as being JUST clean-up costs 

without any provision for transaction costs. (Coming clear Superfund problems can be solved, Chapter I, prepared by OTA Oclober, 1989) 

&IQ&J 

News report from Superfwd Improvement Project (Release date February 3,1994) 

Fmm Chart B of our paper 



Estimates of Ultimate LiAilitks for the U.S. Insurance lmhatry 
Due to lnacttve Hnznrdous wade site0 

Esttmate 
(et 

Scenario A* $54.0 

Scenario B* 285.1 

scenario C’ 44.6 

Estimated pZ,** 

*These scenarios projeci uihate iosses based on di@exing assum- regarding the 
ultimate number of NPL sites, the cost to clean up the sites, the number of non-NPL sites, 
and various other assumption a~ delineated WI sheets 2 aad 5 of this attadrmenl These 
estimatea are for the U.S. and non-U.S. insurers and rczhsmus. To &mate the liabilities for 
the U.S. insurance industry a reduction has to be made for casions to non-U.S. reinsurers 
and losses due to non-U.S. primary insurers. In makiq our sekctioo fix Ibe U.S. ~WUGRW 
industry we ju&ne&dly reduced the indicatior~~ under -A,B,.wlCfortk 
non-U.S. component 

l * Selection for U.S. Insurance lndusby 



Appendix A 
Sheet 1 

COMPREHENSIVE GENERAL LIABILITY INSURANCE COVERAGE 
OF ENVIRONMENTAL LIABILITIES 

ODUCTION 

For decades, most corporations have purchased general liability insurance policies to provide 

coverage for the risk of bodily injury or property damage arising out of their business 

operations. Members of the insurance industry, collaborating through the Insurance Services 

Office and its predecessor organizations, drafted the standard comprehensive general liability 

(“CGL”) policy form in 1966, which form was subsequently revised in 1973 and 1985. As its 

name indicates, the CGL policy was intended to provide coverage for a broad range of 

liabilities, subject to its specific terms, provisions and exclusions. Most CGL policies issued - 

during the past four decades either utilize the standard form or incorporate the key policy 

language from that form. 

When the standard CGL policy form was initially drafted in 1966, the legal framework for 
. ..m 

environmental obligations and liabilities of industrial operations was not well-developed. -I z 
- 

Disposal of waste materials, discharge of wastewaters and emissions of exhaust gases were 

largely unregulated. Just as importantly, the impact of these activities upon the environment was 

poorly understood and generally not the subject of liability claims, whether by governmental 

agencies or private parties. The environmental impacts of such industrial operations came into 

sharper focus in the 1970’s and laws were developed to prevent or respond to those impacts. 

Congress passed the Air Quality Act of 1967 and strongly revised it with the Clean Air 
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Appendix A 
Sheet 2 

Amendments of 1970 and 1977. The Federal Water Pollution Control Act Amendments were 

snacted in 1972 and amended in 1977 by the Clean Water Act Amendments. Congress began 

to regulate waste management practices by enacting the Resource Conservation and Recovery 

Act of 1976 and the Hazardous and Solid Waste Amendments of 1984. Most importantly, in 

terms of impact on liability insurance coverage, the Comprehensive Environmental Response, 

Compensation and Liability Act of 1980, or “SupertIn-& legislation was enacted to create a 

system of liability for the environmental consequences of literally decades of unregulated waste 

disposal. 

As a result of the foregoing statutes, the regulations promulgated thereunder, and similar 

developments in both the statutory and common law of the fifty states, industrial companies 

faced substantial liabilities in the 1980’s that could not have been imagined just a short time 

before. Significantly, much of this liability was retroactive, being imposed upon these 

companies as a result of their actions (or those of their predecessors or others) years or even 

decades earlier. The most dramatic example of such liability is Super-fund, under which an 

individual company can be held liable for 100% of the cost of remediating the environmental 

damages arising from a waste disposal site, simply because some portion of the waste at that site 

(no matter how small) is determined to have been generated by that company, regardless of how 

it came to be disposed at the site in question. The cost of such environmental remediation 

projects undertaken pursuant to Superftmd have in some cases exceeded $100 million. Given 

the prospect of such staggering liability, potentially responsible parties (“PRPs”) have become 
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Appendix A 
Sheet 3 

embroiled in an ever-increasing storm of litigation with governmental regulators, other PRPs 

and, of course, liability insurers. 

Pursuant to the insuring agreement of the standard CGL policy form, liability insurers have two 

separate duties to their insureds: (1) to indemnify the insured for all liabilities covered by the 

policy, and (2) to defend any suit against the insured which, if successful, would subject the 

insured to a liability covered by the policy. Insurers and insureds have come to disagree 

strongly regarding the interpretation and application of the language of that insuring agreement, 11 
;ii 

as well as certain key exclusions in the policy, so that the state and federal judicial systems have ,: 

become swollen with declaratory judgment litigation seeking to resolve these disagreements. _ 

The indemnity portion of the insuring agreement typically obligates the insurer to “pay on behalf 

of the insured all sums which the insured shall become legally obligated to pay as damaees 

because of bodily injury or property damage to which this insurance applies, caused by an 

occurrence. ” The policy defines an ‘occurrence” to mean “an accident, including injurious 

exposure to conditions, which results, &urine the oolicv wriod, in bodily injury or property 

damage neither exoected nor intended from the standpoint of the insured.” The primary battle 

lines between insurers and insureds (as well as among various insurers) are initially drawn at the 

underlined portions of the foregoing insuring agreement and definition. 

l Insurers argue that the phrase “as damages” limits the policy coverage to the insured’s 
liability to pay monetary damages to a third-party claimant, and excludes coverage for 
an insured’s obligation to incur the expense of performing an environmental remediation 
pursuant to Superfund or other legal requirement. Insureds maintain that the distinction 
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between payment of money to environmental contractors to perform a remediation and 
payment of money to the government or some other third party as reimbursement for the 
cost of such a remediation is irrelevant for purposes of policy coverage. 

l Because of the long-term and largely unseen nature of environmental contamination, 
insurers generally challenge any contention that bodily injury or property damage 
occurred during the relevant policy period. Indeed, most environmental insurance 
coverage disputes involve a continuing process of environmental contamination over a 
long period of time and a multitude of policy periods. The issue of when bodily injury 
or property damage occurred and which policy or policies should provide coverage is a 
quagmire from which few insurance coverage disputes have yet to emerge. 

l Depending upon the circumstances, insurers frequently contend tbat insureds either 
expected or intended the bodily injury or property damage for which they subsequently 
seek coverage. Even where insureds undeniably engage in intentional acts of waste 
disposal, however, they contend that they did not intend and could not anticipate the 
property damage which ultimately arose therefrom. 

In addition to the foregoing provisions of the insuring agreement, insurers and insureds litigate 

the meaning and application of two key policy exclusions known as the “pollution exclusion” and 

the “owned property” exclusion. The pollution exclusion was generally introduced to the 

standard CGL policy form as an endorsement in approximately 1970. It basically states that the 

insurance does not apply to bodily injury or property damage arising out of the discharge or 

release of waste materials or contaminants into the environment. In turn, however, the exclusion 

itself does not apply “if such discharge, dispersal, release or escape is sudden and accidental.” 

Insurers contend that this exclusion significantly reduces coverage by introducing a temporal 

qualification which requires pollution to be abrupt or instantaneous (e.g., the result of an 

explosion or traffic accident) in order to be covered. Insureds respond that “sudden and 
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accidental” means nothing more than “unexpected and unintended” and is simply an application 

of the basic occurrence definition to events of pollution. 

The owned property exclusion generally states that the insurance does not apply to property 

damage to any property owned or occupied by the insured or in the care, custody or control of 

the insured. Regarding most Superfund liabilities, the insured has never had any interest in or 

control of the contaminated waste site property. Not infrequently, however, insureds become 

subject to liability for contamination arising from the historic discharge or disposal of waste at 

their own facilities. Insurers contend that such on-site property damage is excluded by the 

owned property provision. Insureds generally respond that, while some or all of the 

environmental remediation activity might take place on the property of the insured, it is legally 

obligated to do so in order to remediate or prevent damage to adjacent, off-site property, or the 

underlying groundwater which is owned or controlled by the State and not the insured. 

In addition to the duty to indemnify, the insuring agreement of CGL policy form obligates the 

insurer “to defend any suit against the insured seeking damages on account of such bodily injury 

or property damage, even if any of the allegations of the &I are groundless, false or 

fraudulent. ” Insurers have argued that this defense obligation is triggered only by a judicial 

action brought against the insured in a court of law and does not apply to notices of potential 

responsibility under the Superfund statute or other admiistrative proceedings initiated by 

governmental agencies. Insureds argue that the initiation of any action which can ultimately lead 
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to the imposition of legal obligations on the insured constitutes a “suit” which the insurer must 

defend. Of course, the insurers and insureds also regularly dispute whether the allegations of 

any such suit, if true, seek damages on account of bodily injury or property damage that is 

covered by the policy. 

Each of the foregoing legal issues have been variously decided by the courts of different states, 

or by federal courts attempting to apply or anticipate the law of those states. Many states have 

yet to address some or all of those issues. In states where there have been judicial decisions 

regarding these coverage questions, the matter may not yet have come before the court of 

highest authority in such states. Accordingly, there remains a high degree of uncertainty 

regarding questions of environmental insurance coverage throughout the country. This 

uncertainty is the source of significant difficulty for insurers and insureds alike, as well as their 

outside litigation counsel and the entire judicial system. 

GENERAL ISSUES OF JUDICIAL INTERPRETATION 

Before it can even begin to consider the foregoing policy language in the context of an 

environmental coverage dispute, a court must first address certain preliminary issues that are 

critical to any interpretation of the policy. The most important of these is probably the choice 

of which state’s law the court will apply in order to interpret the policy language in the case at 

issue. Because of the contrary positions that have been taken by the various state courts 
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regarding the major coverage issues, such a choice of law can be dispositive of the substantive 

issues in a coverage dispute. 

The courts of each state have developed principles for determining which state’s law should 

control any particular lawsuit, and even these choice-of-law principles are not consistent among 

the various states. Traditionally, disputes regarding contracts, including contracts of insurance, 

are governed by the law of the state in which the contract was made. Because of the nature of 

the insurance underwriting process and its reliance upon local commercial insurance brokers, 3 ,,.,. a 
contracts of insurance are generally deemed to have been made in the state in which the 

insured’s principal place of business is located. In recent years, however, courts have begun 

to move away from this relatively simple place-of-contract approach and to apply instead the law 

of the state which has the “most significant contacts” with the dispute between the parties. In 

contract actions generally, and environmental coverage lawsuits in particular, the state with the 

most significant contacts often turns out to be the same state in which the contract was made. 

Some litigants have argued (and courts have decided), however, that the location of the “1: 
ET 

environmental contamination which is the subject of the underlying claim against the insured is Z 
Tee 

the most significant contact and that the law of the state in which the contamination took place 

should govern the subsequent insurance coverage dispute. Of course, because the same insured 

may operate facilities in many different states, or may be identified as a PRP at waste disposal 

sites located throughout the country, that insured may be seeking coverage for environmental 

contamination located in more than one state. If the place of contamination is deemed to be the 
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most significant contact which controls the choice of law, the same CGL policy can be subjected 

to different and conflicting interpretations pursuant to the judicial precedent in different states. 

The foregoing choice of law argument between the place of contract and the place of 

contamination does not find either insurers or insureds consistently on one side or the other. 

Litigants generally argue for the application of that state law which has already been decided 

favorably to their own coverage position. Indeed, the same insurance companies have argued 

for the law of the place of contract in one coverage dispute while requesting application of the 

law of the place of contamination in another. As the highest courts of more and more states 

continue to decide the substantive coverage questions discussed herein, choice of law will 

increasingly become the primary dispositive issue in any environmental coverage litigation. 

After choosing the applicable law, courts also apply a number of important rules of construction 

for interpreting any policy provisions at issue in an insurance coverage dispute. The most 

important such rule is m proferentum, a judicial principal which holds that any ambiguity 

in an insurance contract will be strictly construed against the insurer as the drafter of the policy. 

In applying this role of construction, insuring agreements are generally interpreted broadly so 

as to afford the greatest possible coverage to the insured, while exclusionary clauses are 

interpreted narrowly against the insurer. 
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In recognition of the fact that insurance policy forms are generally prepared by the insurer (or, 

as in the case of the standard CGL form, the insurance industry acting in a collaborative effort), 

courts require that insurance policies be construed in order to give effect to the reasonable 

expectations of the insured. Accordingly, where such reasonable expectations are in conflict 

with the intentions of the insurers expressed in technical policy language, the purported 

limitations of such language often will not be allowed to defeat the coverage expectations of the 

insured. These rules of construction apply in any case involving standard form policy language 

regardless of whether the insured is a small company or a large corporation with significant m “,,.. dAl 
bargaining power and sophistication concerning insurance. Where the insurance policy in ,: 

question is not a standard form policy, however, insurers argue that the insurance contract is an 

am-s length transaction (particularly where the insured is a major corporation) and that the rule 

of m proferentum should not be applied. 

While most environmental insurance coverage disputes focus primarily upon the language of the 

policy provisions identified above, historical documentation regarding the drafting and ‘I”! 
z 

interpretation of that language and other similar extrinsic evidence has played an important part .Z 7 

in many judicial decisions. Insurers usually argue that the language of the CGL policy form is 

tmambiguous and that courts should not allow the discovery or admission of extraneous materials 

into evidence but limit themselves to the “four comers” of the insurance contract. Some courts 

have so held and have denied insureds the right to obtain discovery of policy drafting history or 

other extrinsic documents. Insureds have consistently sought to discover and make use of such 

352 



Appendix A 
Sheet 10 

documents, and many courts have ordered insurers to produce documents regarding the drafting 

history of the standard form CGL policy, the representations made by insurers to state insurance 

regulators, internal interpretive documents of the insurers, and communications with other policy 

holders regarding environmental coverage claims. Many courts that have ruled in favor of 

insureds on the substantive environmental coverage issues have done so, at least in part, in 

reliance upon such extrinsic documents or evidence. As a result, the fight over the discovery 

and admissibility of such documents has become a significant preliminary battle in the 

environmental insurance coverage wars. 

DUTY TO DEFEND 

The duty of an insurer to defend its insured is independent of and broader than the duty to 

indemnify. An insurer must defend its insured against a claim if there is any possibility that the 

claim is covered by the policy, based solely upon the allegations against the insured. An insurer 

must provide a defense regardless of whether it believes an exclusion may ultimately defeat 

coverage, unless it is clear from the complaint that the allegations fall entirely within the scope 

of a policy exclusion. In an action with multiple claims against the insured, if any one of those 

claims gives rise to a duty to defend, the insurer must defend against the entire action. 

In a typical CGL policy, the duty to defend is independent of the limits of liability which govern 

the duty to indemnify. In other words, the insurer must pay the cost of defense in addition to 

the amount of any indemnity. This is important in Superfund litigation where the defense 
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expenses can be very significant and often continue for long periods of time before there is any 

determination regarding the liability of the insured. Indeed, even in cases where the insured is 

not ultimately held liable to pay for the alleged environmental contamination, the insurer may 

be required to pay substantial amounts in order to defend against the claim. 

The typical duty to defend provision in the CGL policy form requires the insurer “to defend any 

& against the insured seeking damages on account of such bodily injury or property damage, 

even if any of the allegations of the suit are groundless, false or fraudulent . . ‘I. Insurers have I 

argued that the word “suit” only refers to the institution of civil judicial proceedings against the 

insured. In contrast, the procedure for determining liability for environmental response costs 
,.. 

- 

under Superfund is typically initiated by a notice letter from the USEPA informing the insured 

that it is potentially responsible for environmental remediation at a given Superfund site. The 

liability for many Superfund cleanups is often resolved with little or no judicial proceedings 

whatsoever. Insureds maintain that any administrative or other legal proceeding, including the 

typical PRP notice letter issued by USEPA, constitutes a “suit” pursuant to the CGL policy 

which triggers the duty of an insurer to defend against that claim of liability. Although a few 

courts have ruled that the term “suit” is limited to civil judicial proceedings, the clear majority 

of courts have concluded that a PRP letter pursuant to Superfund (or other similar notice or 

remedial order from a regulatory agency) is a “suit” which gives rise to a duty to defend the 

insured. 

,/..T 
2= 
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MAJOR COVERAGE ISSURS 

As “Damaees” 

The typical insuring agreement provides for indemnity of “all sums which the insured shall 

become legally obligated to pay as damages because of bodily injury or property damage . . .” 

Insurers have argued that the term “damages” incorporates the historical distinction in both 

English and American common law between an award of legal damages (i.e., a requirement to 

pay a sum of money to the plaintiff) and the issuance of an injunction or other form of equitable 

relief (i.et, the requirement to perform or refrain from a certain action which may result in 

certain costs to the defendant). This distinction is potentially very significant when applied to 

the modem context of Superfund liability. Typically, USEPA orders a group of PRPs to 

perform a specified environmental remedy and the PRPs allocate the cost of that remedy among 

themselves through a process of negotiation or litigation. In the alternative, if some or all of 

the PRPs fail to perform the remedy, either USEPA or a group of the PRPs will do so and then 

seek to recover the cost of that remedy from the non-participating PRPs. Superfund negotiations 

with USEPA typically result in the entry of an injunctive consent order to perform a remedy. 

In contrast, a successful cost recovery action by USEPA or private patties results in the entry 

of a damage award. Insurers contend that, while the latter might come within the scope of the 

insuring agreement as an obligation to pay “as damages,” the former is outside the scope of that 

agreement and not covered by the standard CGL policy. 
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A minority of courts have agreed with the insurers and held that environmental response costs 

incurred by PRPs in order to perform a cleanup pursuant to Superfund are a form of equitable 

or injunctive relief (and not legal “damages”) which is not covered by the CGL policy. In 

contrast, a large majority of courts have ruled that such a technical reading of the policy is 

contrary to the reasonable expectations of the insureds and have construed this language of the 

insuring agreement broadly in favor of coverage. 

Trigger of Coverape I 

The standard form CGL policy provides coverage for bodily injury or property damage “caused 

by an occurrence” which is defined to mean an accident which results in bodily injury or 
- 

property damage “during the policy period. ” In other words, in order to determine whether one 

or more CGL policies provides coverage for a given claim, a court must decide whether the 

alleged injury or damage occurred during the relevant policy period. This “trigger of coverage” 

issue is often very complex because of the continuous long-term development of the alleged 

damage or injury in most environmental cases and the delayed manifestation of such damage or 1 
= 

injury. In order to resolve this issue, courts have generally resorted to one of four approaches 

or “triggers”: exposure, manifestation, continuous or actual injury. 

Some courts have held that environmental damage occurs at the time of exnosure of the 

contaminant to the environment, regardless of when the property damage was discovered. 

Depending upon the circumstances, such “exposure” can consist of either a single event of waste 
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disposal, discharge or emission, or a number of such events. Obviously, exposure through a 

series of discharge events over multiple policy periods could trigger coverage under more than 

one policy. 

A number of courts have held that property damage is not deemed to exist until it becomes 

manifest or is discovered, regardless of when the initial exposure to contamination occurred. 

This manifestation trigger theory is favored and promoted by insurers for two reasons. First, 

it generally results in the triggering of only one policy period and precludes the stacking of 

policy limits for multiple policies even where the contamination or events of waste disposal took 

place during more than one period. Second, although the disposal or discharge events and 

environmental exposure may have occurred in the 1960’s, the resulting property damage may 

not have become manifest or discovered until the mid-1970’s (after the introduction of the 

sudden and accidental pollution exclusion), or even the mid-1980’s (after the introduction of the 

absolute pollution exclusion). Consequently, the application of the manifestation trigger can 

provide a substantial benefit or even complete victory to insurers in many environmental 

coverage disputes. 

An emerging rule in environmental coverage cases is that environmental contamination can be 

progressive and cumulative, and that coverage is continuously triggered during all policy periods 

in which the property was damaged. Under this continuous trigger theory, all policies in effect 
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after the time of the initial release or discharge of contaminants into the environment potentially 

provide coverage for the resulting environmental damages. 

Finally, a few courts have refused to adopt the exposure, manifestation or continuous trigger 

theories and instead have held that there must be “actual injury” during the policy period in 

order to trigger coverage. This approach requires an analysis of the particular facts of each case 

and often precludes summary judgment on the basis of more readily identifiable events such as 

the tune of discharge or discovery. In actual application, this actual iniury trigger may well 

result in coverage under multiple policy periods for environmental liabilities. 

J%xxwcted or Intended Damage 

Pursuant to the definition of “occurrence,” the insuring agreement of the standard CGL policy 

only provides coverage for bodily injury or property damage “neither expected nor intended 

from the standpoint of the insured.” The issue is whether the insured expected or intended to 

cause the alleged injury or damage, not whether it intended to dispose of waste materials or -4 
= 

perform some other act which ultimately caused the damage. Accordingly, environmental 

property damage at a waste disposal site to which an insured intentionally and regularly shipped 

waste materials is not deemed to be “expected or intended” from the standpoint of the insured. 

In contrast, depending upon the nature and circumstances of the insured’s actions, a discharge 

of contaminants by the insured directly to the environment can be the basis for an inference that 

the insured intended the alleged injury or damage. 
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Most courts focus upon the subject of intent or expectation of the insured in the circumstances 

of the case at issue, not some objective standard as to what the insured should have known or 

expected. Recognizing that “expected or intended” means more than just reasonably foreseeable 

(&, simple negligence on the part of the insured), some courts interpret this provision to 

exclude only those damages which the insured knew would flow directly and immediately from 

its intentional act. On the other hand, other courts have held that coverage will be excluded if 

there was a “substantial probability” that the damage would occur. 

Prior to 1970, the standard CGL policies generally did not contain any policy language 

specifically addressing pollution or excluding liability arising from pollution events. In about 

1970, the Insurance Services Gffice drafted a standard form pollution exclusion which was 

adopted by its member companies and incorporated into most CGL policies as either an 

endorsement or an exclusion within the policy form. The standard form exclusion provides as 

follows: 

This insurance does not apply . . . to bodily injury or property 
damage arising out the discharge, dispersal, release or escape of 
smoke, vapors, soot, fumes, acids, alkalis, toxic chemicals, liquids 
or gases, waste materials or other irritants, contaminants or 
pollutants into or upon land, the atmosphere or any watercourse or 
body of water; &t this e&&&p does not applv if such discharge. 

The meaning and application of the foregoing sudden and accidental pollution exclusion has been 

perhaps the principal issue in the long-playing environmental irmranw coverage debate between 
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insurers and their insureds. The controversy concerns the exception to the exclusion and 

particularly the meaning of the phrase “sudden and accidental. ’ Insurers contend that the word 

“sudden” in this exclusion has a temporal meaning and that a discharge or release of 

contaminants must occur abruptly or instantaneously in order to be covered by the CGL policy. 

Environmental damages resulting from a gradual release of contaminants over a long period of 

time are subject to the exclusion and not covered by the policy. A substantial number of courts 

have agreed with this argument and excluded coverage for “gradual” pollution. 

In contrast, insure& argue that the word “sudden” means nothing more than unexpected or 

unanticipated, a surprise. Accordingly, the phrase “sudden and accidental” should be interpreted 

as ‘unexpected and unintended,” which is the basic concept of the “occurrence” definition and 

a fundamental character of the risk inherent in the insuring agreement. An equally substantial 

number of courts have agreed with this argument of the insureds and have construed the “sudden 

and accidental” language so as not to exclude coverage for gradual pollution so long as that 

pollution was not expected or intended by the insured. 

For those courts which construe “sudden and accidental” to mean ‘unexpected and unintended,” 

the question then becomes what must be unintended and unexpected? The initial disposal, 

discharge or release of contaminan ts? Or the consequent damage to groundwater or some other 

environmental resource? For example, if an insured deliberately places waste materials into a 

landfill, surface impoundment or other waste management unit, and contaminants from that 
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waste material subsequently migrate from the waste management unit to the underlying 

groundwater, does the pollution exclusion apply? Many cases have focused upon the consequent 

environmental damage and have held such unexpected and unintended damage to be covered 

regardless of the intentional nature of the initial act of waste disposal. Other courts have focused 

more closely on the actions of the insured and have held that coverage exists only where the 

discharge, dispersal, release or escape of contaminants was not expected or intended. In these 

cases, the particular facts and circumstances of the underlying contamination, including the 

nature of the waste or contaminants, the type and character of the waste disposal unit and the 

purpose of the required remediation, are critical factors in the ultimate coverage decision, 

In general, extrinsic evidence from historical documents (in addition to the policy language 

itself) has played a significant role in many of the judicial rulings that “sudden and accidental” 

means nothing more than “unexpected and unintended.” Those courts which have found such 

extrinsic materials to be both discoverable and admissible have frequently ruled in favor of the 

insure& regarding the application of the pollution exclusion. In contrast, those courts which 

have rejected extrinsic evidence and limited their consideration to the policy language are also 

more inclined to opt for a restrictive interpretation which excludes coverage for gradual 

pollution. Numerous draftmg history documents and other historical materials have become 

exhibits for judicial consideration in a host of environmental coverage lawsuits. Perhaps the 

most important of these documents are the representations made by the Insurance Services Office 

on behalf of its member companies in connection with the submission of the pollution exclusion 
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form for approval by the insurance regulatory authorities of the various states. Insureds 

contend, and many courts have agreed, that these statements on behalf of the insurers constitute 

evidence that the proposed exclusionary language was intended to be nothing more than a 

restatement of the “unexpected and unintended” requirement of the basic insuring agreement. 

Recently, a New Jersey court has gone even further in ruling that, on the basis of these 

representations to state insurance authorities, the insurers are estopped from contending that 

“sudden” has a temporal meaning or that the exclusion should be construed narrowly. Insureds 

are likely to present this same estoppel argument to other courts in the near future. 

..- 
In or about 1985, the Insurance Services Office developed the “absolute” pollution exclusion 

which most insurers have included in general liability policies issued since that time. In rather 

elaborate language, this new exclusion precludes coverage for (a) bodily injury or property 

damage arising out of the release of pollutants and (b) costs of any environmental clean-up 

pursuant to governmental direction or request. Courts confronting this absolute pollution 

exclusion in recent litigation generally have concluded that it is unambiguous and excludes 

coverage for all claims alleging damage caused by pollutants. The exclusion has been held 

inapplicable in several cases, however, where there was a material issue of fact as to whether 

the substance in question was a “pollutant” within the meaning of the exclusion, Significantly, 

the Supreme Court of Louisiana recently found the absolute pollution exclusion to be ambiguous 

as a matter of law because a literal application could preclude coverage of many routine business 

accidents which an insured would reasonably expect to remain covered. While the court held 
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that coverage for soil and groundwater remediation expenses arising from an underground 

storage tank leak were excluded, “nonenvironmental” property damage to underground telephone 

cables were covered. Undoubtedly, the parameters and application of the absolute pollution 

exclusion will continue to be tested on a case-by-case basis. 

Owned Prouertv Exclusion 

The majority of environmental coverage claims involve underlying liabilities in which the insured 

is identified as a PRP at a Superfund site because waste generated by that insured was ultimately 

disposed of at the site in question. In these circumstances, the PRP typically had no ownership 

interest in or operational control over the waste disposal site. Indeed, the insured may have had 

no knowledge whatsoever regarding the ultimate destination of its waste. In a significant number 

of cases, however, insure& have been subjected to liability for environmental damages at 

facilities which they have owned or operated. Typically, such on-site environmental liabilities 

arise in connection with governmental enforcement actions under the hazardous waste 

regulations, private litigation by adjacent property owners, or environmental cost recovery 

claims by subsequent purchasers of the facilities in question. In such cases, the owned property 

exclusion of the CGL policy may limit or preclude coverage for certain damages arising from 

on-site environmental contamination. 

Typically, the owned property exclusion provides that “this insurance does not apply . . . to 

property damage to (1) property owned or occupied by or rented to the insured, (2) property 

363 



Appendix A 
Sheet 21 

used by the insured, or (3) property in the case, custody or control of the insured or as to which 

the insured is for any purpose exercising physical control. . .” The basic principle underlying 

this exclusion is that liability insurance covers damage to the property of third parties, whereas 

damage to the insured’s own property is typically covered by first-party property insurance. In 

general, courts have applied this exclusion to reject coverage claims where the alleged property 

damages are solely confined to the property of the insured and there is no contamination of 

underlying groundwater or adjacent, third-party property. Frequently, however, the application 

of this exclusion has proven to be rather complicated. Typically, contamination which may have - 
A 

originated on the property of the insured has either migrated to off-site property or is threatening 

to do so. Most courts have held that the exclusion does not apply where there has been actual 

off-site contamination. Some courts have even held that, where environmental remediation is 

required in order to prevent threatened off-site contamination, the owned property exclusion is 

inapplicable. Where environmental response actions are undertaken in part to remediate on-site 

contamination and also to prevent or remediate off-site migration of contaminants, the court must 

determine whether the on-site remediation costs are subject to the exclusion, or whether the 

. 

exclusion is completely inapplicable and all response costs are covered by the policy. .-, 

The treatment of groundwater is perhaps the most important issue regarding the owned property 

exclusion. Insurers maintain that groundwater underlying owned property should be considered 

no different from structures upon that property, or the property itself. In other words, 

underlying groundwater is property owned or controlled by the insured and any damage to such 
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property is excluded from coverage. ‘Ihe insureds respond that they do not own or control the 

groundwater which is the property of the state, so that groundwater contamination is not damage 

to owned property. In general, most courts which have addressed this issue have agreed with 

the insureds and have refused to apply the owned property exclusion to groundwater 

contamination. Indeed, one court recently held that the costly remediation of groundwater 

contamination is driven by the interest of the state in such groundwater, not by the property 

interests of the insured. 

As of this writing, most (if not all) of the foregoing issues of policy interpretation are pending 

before courts in jurisdictions with no binding, determinative precedent. Many of those cases 

involve factual circumstances concerning the nature of the contaminating release, the 

environmental damages or the governmental response which may serve to distinguish them from 

prior judicial decisions. As a result of this ongoing judicial process, the interpretation of the 

CGL policy and its application to events of environmental contamination will continue to evolve 

and be refined. 

Readers interested in any citations to judicial decisions regarding 
the issues discussed in this article are encouraged to contact the author. 
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Recognition, Measurement, and Disclosure 
of Environmental Liabilities 

Paul M. Kazenski 

During the past fifteen years, environmental legislation has proliferated at the federal, 

state and local levels. Businesses operating in the United States are now faced with the 

challenge of achieving and maintaining compliance with over 30,000 pages of federal 

regulations alone. Estimates of the potential costs to remediate past environmental damage 

run into the hundreds of billions of dollars. By the year 2000, businesses are expected to 

expend billions of additional dollars to assure that current and future operating activities 

achieve and maintain environmental compliance. 

There is evidence that corporate executive and director attitudes have begun to reflect 

a greater awareness of, and increasing sensitivity to environmental issues (United Nations, 

1991a, 1991b; Nash, 1990; Coopers et al, 1990). However, much of this same evidence 

shows a disparity between the perceived importance of environmental issues, and the quality 

of environmental disclosure in publicly available financial statements. In part, the existence 

of this disparity has been tentatively attributed to a lack of detailed accounting standards 

relating to environmental issues, and to a reluctance on the part of corporate management to 

fully apply existing standards that would facilitate more complete disclosure (United Nations, 

1992). 

To deal with the demands for improved financial reporting, the accounting profession 

must confront fundamental questions relating to riming (i.e., determining when a loss become 

sufficiently probable to require accrual and recognition in the facial statements), 

recognition, (i.e., formally recording or incorporating an item into the financial statements), 
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recognition, (i.e., formally recording or incorporating an item into the financial statements), 

measurement (i.e., determining the value at which to record a probable loss), and disclosure 

(i.e., given the uncertainties surrounding the loss, determining where (and how) in the 

financial statements the facts should be communicated). These questions are closely 

interrelated, and will almost certainly require reliance on outside expertise to provide the 

information necessary to make informed professional judgments. 

This paper undertakes to review current standards and practices with regard to the 

recognition, measurement, and disclosure of environmental related liabilities in corporate 

financial statements. Its purpose is twofold: to establish the nature and extent of current 

requirements and practices; and to identify emerging trends likely to result in demands for 

still more detailed disclosure. 

Overview 

Policy makers, advisory groups, and professionals worldwide have begun to address 

the issues related to establishing standards for improved financial reporting of environmental 

costs and liabilities. In the United States, the American Institute of Certified Public 

Accountants (AICPA) has issued an exposure draft on a proposed Statement of Position 

which would call for more complete disclosure of certain significant risks and uncertainties, 

including those relating to environmental matters. The Securities and Exchange Commission 

(SEC) recently revised regulation S-K to require additional disclosures of material effects of 

regulatory compliance on capital expenditures, earnings, and competitive position. Although 

no environmentally related reporting issues have yet been added to the Financial Accounting 
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Standards Board’s (FASB) agenda, the likelihood that the Board will be called upon to do so 

is increasing (Johnson, 1993). 

In 1992 and 1993, the Canadian Institute of Chartered Accountants (CICA) issued 

research reports directed towards resolving fundamental issues involved in the financial 

reporting of environmental costs (CICA 1993), and accounting’s role in environmental 

auditing (CICA 1992). The United Nations, European Community, International 

Accounting Standards Committee (IASC) and the Federation des Expeas Comptables 

Europeens (FEE) are all actively seeking solutions to the problems underlying the financial 

statement recognition and disclosure of environmental liabilities. 

Motivating these activities is increasing apprehension over the disparity between the 

estimated costs to remediate already known environmental damage, and the amounts being 

reflected in corporate balance sheets. In the U.S., specific concerns have been raised with 

respect to the apparent lack of symmetry between the anticipated insurance recoveries being 

used to offset all or part of these liabilities, and the failure of insurers to disclose a 

corresponding liability in their own financial statements (GAO, 1993). 

In turn, insurers and non-insurers alike cite the complexity of existing environmental 

regulations as a major impediment to making cost estimates required for financial reporting. 

Further, insurers point to inconsistent judicial decisions regarding the existence of insurance 

coverage for environmental losses as a confounding factor in determining whether they have 

any obligation at all to satisfy environmental claims. 

Presently, there are five major U.S. statutes that can impose substantial costs on 

business enterprises relating to past, current and future activities. Of these the Clean Air Act 
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(CAA: 42 USC 7401 et seq.), Clean Water Act (CWA: 33 U.S.C. 1251 et seq.), Toxic 

Substances Control Act (TSCA: 15 USC 2601 et seq.), and the Resource Conservation and 

Recovery Act (RCRA: 42 U.S.C. 6901 et seq.) are primarily directed at the control of 

present releases into the environment, and the prevention of future releases of hazardous 

substances. The financial costs imposed by these statutes are generally considered to be 

operating expenses of the enterprise, and as such present no particular difficulties for 

insurers. 

The most far reaching of the statutes is the Comprehensive Environmental Response, 

Compensation and Liability Act (CERCLA: 42 U.S.C. 9601 et seq.) and its companion 

Superfund Amendment and Reauthorization Act (SARA) of 1986. CERCLA addresses the 

uncontrolled release of hazardous materials into the environment caused by past activities, 

I 

and requires remediation at sites where the release of hazardous substances is likely to occur. 

Two facets of the act are of most most immediate relevance here. The first is its imposition 

of strict, joint, and several liability for the costs of cleanup on potentially responsible parties 

(PRP’s) that can include almost anyone that has come into possession of hazardous waste, 

including subsequent purchasers of property even though there was no connection between 

the purchaser and the pollution activities occurring prior to acquisition (N.Y. v Shore Realty -. 
= 
- 

759 F2d 1032, 2d Cir 1985). The second, and perhaps most ominous, is that “it has no 

regard for time” (Becker, 1992). Liability is imposed retroactively and without any statute 

of limitations; it is based upon current standards and does not exempt prior activities that 

were in compliance with standards existing at the time they occurred. 
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Financial accounting and reporting concerns extend to all environmental COSTS, 

whether associated with past, current, and future activities. In light of their more immediate 

significance to insurers, however, the remainder of this paper emphasizes issues raised by the 

retroactive liabilities imposed by CERCLA. 

Fundamental Accounting and Reporting Issues 

Financial reporting is “directed toward.the common interest of various potential users 

in the ability of an enterprise to generate favorable cash flows” (Statement of Financial 

Accounting Concepts (SFAC) No. 1). To serve this common interest, both accurate and 

complete disclosure are necessary to assure that the fmancial statements are not misleading to 

investors, creditors and other users. 

Environmental liabilitie$ present some particularly difficult facial reporting 

challenges because of the uncertainties to which they may be subject, many in the nature of 

contingencies. Consequently, accounting guidance is taken primarily from Statement of 

Financial Accounting Standards No. 5, “Accounting for Contingencies” (FAS 5) which 

requires that a contingent loss be accrued (recognized) when it is “probable that an asset had 

been impaired or a liability had been incurred” and “(b) the amount of loss can be reasonably 

estimated. ” If a loss is not required to be recognized because either of these criteria are not 

met, disclosure of the contingency may still be necessary if there is “at least a reasonable 

possibility” that a loss may have been incurred, 

The language in FAS 5, though not specifically stated, also applies to insurance 

company accruals of liabilities relating to litigation and claims, whether asserted or 
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unasserted. Where a suit has been filed or a claim has been made, recognition is necessary 

if it is determined that a loss is both probable and estimable. In the case of unasserted 

claims, an insurer must “determine the degree of probability that a suit may be filed or a 

claim . . . may be asserted and the possibility of an unfavorable outcome.” 

Neither U.S., Canadian, nor International standards establish quantifiable thresholds 

for either of the terms “probable” or “reasonably estimable.” Rather, these determinations 

are left as matters of professional judgement (CICA 3290.12; IAS 10, par. 8). 

Consequently, both financial statement preparers and auditors have substantial latitude in 

judging whether the underlying uncertainties have been sufficiently resolved so that financial 

statement recognition is necessary, or that sufficient uncertainties remain so that disclosure cri 

alone is appropriate. 

Although both recognition and disclosure convey potentially useful information to the 

users of financial statements, the FASB has repeatedly emphasized that disclosure is neither a 

substitute for, nor an alternative to recognition. Statement of Financial Accounting Concepts 

No. 5 states: “Disclosure of information . that may be provided by notes or parenthetically 

on the face of financial statements, by supplementary information, or by other means of 

financial reporting is not a substitute for recognition in fiicial statements for items that 

meet recognition criteria” (par. 9). In a recent exposure draft of a proposed standard, the 

FASB reiterated the distinction between recognition and disclosure, and explicitly rejected 

the notion that improved disclosures may be equally useful as recognition. 

Substantial professional judgment is required in determining whether financial 

statement recognition is required. An affirmative decision presumes (1) a factual 
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determination that an obligation exists; (2) an identification of the costs incurred or to be 

incurred, or the amount of loss sustained; and (3) the selection of a measurement basis from 

which to assess the amount of the costs or losses involved. 

Timing of Recognition 

Recognition concerns do not arise spontaneously; some event, either internal or 

external to the enterprise, must first raise at least a suspicion that such a liability exists. 

Other events must then follow which indicate the probability of existence is more than 

remote, and reduce to some acceptable level the uncertainty regarding the amounts involved. 

Only after both existence and measurement uncertainties have been adequately resolved will 

recognition occur. 

Presently, there is no hard data about what events first give rise to suspicions that an 

environmental liability may exist. As a result, data are also lacking with respect to the 

process by which uncertainties concerning the existence of potential liabilities are actually 

resolved in practice. There have, however, been some efforts to identify those points in 

time at which environmental liabilities are first recorded by non-insurance enterprises, 

several of which are discussed below. Unfortunately, there is no corresponding data with 

respect to the timing of initial recognition by insurers. 

Recognition Triggers 

Commencement of operations. In certain industries, e.g. mining, commencement of 

operations may be sufficient to trigger recognition. Where environmental damage is a direct 

consequence of the enterprise’s operating activities, and it is the responsibility the enterprise 
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to incur site restoration and related costs, accounting standards require that these costs be 

accrued and charged to income currently (FAS 19). Specific accounting guidelines exist for 

the recognition of nuclear power plant decommissioning costs (FAS 71). Landfills that have 

an obligation to make future expenditures to comply with RCRA post closure monitoring 

requirements are required to accrue the liability currently, with municipal landfills being 

subject to Statement of Governmental Accounting Standards (GASB) No. 18. These costs 

are considered to be current operating expenses of the enterprise, and generally do not result 

in potential claims against insurers. 

Internal discovery of an existing problem, including reports of current events with the 

potential for consequent environmental damage may initiate investigation into the existence 

and possible recognition of a liability. The effectiveness of internal reporting in alerting 

management to potential environmental problems would be expected to depend upon the level 

of environmental awareness, technical competence in recognizing potentially hazardous 

situations, and whether or not there are processes in place to monitor ongoing activities. 

There are indications that the frequency of financial statement recognition upon 

internal discovery is increasing. Responses to the Price Waterhouse (1991 and 1992) studies 

indicate that the percentage of respondents accruing clean-up costs upon internal discovery of 

a problem rose from two percent in 1990 to 56 percent in 1992. 

Commencement of litigation against an enterprise could also be expected to trigger 

recognition in the financial statements. Presently, there is no definitive evidence on how 

prevalent recognition at this point is. Generally, disclosure (as opposed to recognition) is 

I 
.“, 

i* 
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provided either in Management’s Discussion and Analysis or in the notes to the financial 

statements along with other unrelated litigation matters.’ 

Initial notification by a regulatory agency. The existence of a potential liability is 

called into question whenever notice has been served that a violation of environmental 

regulations has or may have occurred, or that the entity has been named a potentially 

responsible party (PRP) in connection with a hazardous waste disposal and storage site 

subject to CERCLA or equivalent state law. Notification alone does not conclusively 

establish the existence of a legal obligation, nor does it necessarily indicate an amount or 

range of amounts for which the enterprise may be ultimately held liable. There is, however, 

some minimum cost associated with responding to the regulatory action, suggesting the 

recognition of at least these direct costs. 

In actual practice, a decision to delay recognition appears to predominate. Price 

Waterhouse reports that only 12 per cent of the respondents to the 1990 survey recognized a 

liability upon initial notification; in its 1992 survey, this number increased to 22 percent. 

In connection with the performance of a Remediation Investigation/Feasibility Study 

(RUFS). Subsequent to being named a PRP, it may be necessary to direct efforts towards 

assessing the nature and extent of the problem, the agent or agents responsible for actual or 

impending damage, and identify strategies for remediation, if necessary. At the point the 

RIlFS is initiated, the obligation to incur the cost has been established, and there is at least a 

minimum estimate of the costs to be incurred in connection with the study. As the RIlFS 

‘Specific guidance for disclosure outside the financial statements can be found in items 
101 (Description of Business), 103 (Legal Proceedings), and 303 (Management’s Discussion 
and Analysis) of SEC Regulations S-K and S-B. 
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progresses, information will likely become available that will narrow the range of ultimate 

cost estimates, further supporting the need for recognition. At completion of the RI/FS, 

additional narrowing of the range of cost estimates is to be expected, adding further support 

for the need to recognize the corresponding liability. 

Recognition at the initiation of a RIlFS appears to be limited, with only 16 per cent of 

the Price Waterhouse (1992) respondents indicating recognition at this point. This is, 

however, a substantial increase from the five percent of respondents that reported recognizing 

a liability at the initiation of a RI/FS in 1990. One possible reason for these relatively low 

numbers is that management views the results of the RI/FS to be necessary to reduce 

uncertainties regarding the ultimate costs to a tolerable level. Indeed, this appears to be the 

case. A majority of the respondents to the 1992 Price Waterhouse survey (52 percent) 

recognized a liability during the conduct of a RIIFS. An additional 20 percent reported 

recording cleanup liabilities on completion of a RUFS (down from 28 percent in 1990). 

Upon an offer of se~lement. Normally, the amount of the settlement offer represents 

the responsible party’s best estimate of its minimum cost to obtain a release from its 

obligation. Of course, some uncertainty will remain up to the point that the offer is 

accepted, and there is agreement with respect to any conditions imposed on the acceptance. 

Despite this remaining uncertainty, the recognition criteria of FAS 5 will generally have been 

met, and accrual of a liability of least the amount of the settlement offer is appropriate. 

Price Waterhouse reports 20 percent of the respondents to its 1992 survey (up from 15 

percent in 1990) indicated that recognition occurred at this point. There is no currently 
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available information regarding the influence of settlement offers to third party claimants on 

the timing of recognition. 

Upon contemplation of a purchase or sale transaction. Given the extension of 

liability for cleanup costs to owners and operators of property, including subsequent 

purchasers, recognition may be triggered at the point an enterprise contemplates either the 

disposition or acquisition of assets, including indirect asset purchases (merger and acquisition 

activities), discontinuance of operations, or divestitures of ownership interests. Recognition 

at this point in time is likely to increase as commercial real estate transactions now generally 

require some form of environmental audit be performed prior to consummation of a contract 

of sale. If the audit uncovers existing hazards, additional investigation is normally required 

to establish the extent of the problem and the probable costs of clean-up or containment, 

information which would support the seller’s recognition of an environmental liability. Some 

20 percent of the respondents to the 1992 Price Waterhouse study reported recognizing a 

liability in connection with a sale, disposal or abandonment of a facility. 

Pay-us-you-go. Finally, recognition for environmental costs may be delayed until the 

related expenditures are actually made. Given the requirements of FAS 5, this method of 

accounting would be acceptable only in extreme cases where the future expenditures are so 

uncertain as to preclude estimation, or the amounts are sufficiently small as to be deemed 

immaterial. Despite the lack of accounting support for this method, some 18 percent of 

respondents to the PW 1992 survey (up from 15 percent in 1990) admitted to using a pay-as- 

you-go method to account for the costs of clean-up. 



Although the Price Waterhouse survey results cited above provide some valuable 

insight into the timing of recognition in practice, certain limitations on these data should be 

noted. First, the sample is limited to respondents with known significant environmental 

liabilities. Second, the percentages cited above apply only to the recognition of clean-up 

costs associated with hazardous wastes generated in prior periods. Finally, the survey 

intentionally excluded financial services companies, so no inferences can be drawn 

concerning the timing of recognition in that sector. 

Recognition by Insurers 

The insurance contract requires that insurers be given prompt notice of claims or 

impending claims. Information supporting the recognition of environmental liabilities by a 

policyholder may also support a claim against its insurer. Barring questions of coverage (a 

matter discussed below), one would expect there to be a correlation between the time 

insureds make an affirmative recognition determination, and the time by which their insurers 

have at least initiated an assessment of the probability that an obligation to its insured exists. 

Consequently, notification to an insurer at the point in time a policyholder becomes aware of 

the existence of a potential liability-upon internal discovery, commencement of litigation, or _ 

notification by a regulatory agency, e.g.- might also serve to trigger recognition of a -- ._ 

corresponding liability, or begin the process of assessing the need for recognition. Similarly, 

as new information is gathered, e.g., during the conduct of a RUFS, the incidence of 

recognition on the part of insurers should increase as uncertainties are resolved. Again, 

barring coverage disputes, an insurer will normally have been sufficiently involved with the 

claim that recognition at the time a settlement offer is made would be appropriate. 
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In reality, the question of whether or not insurance coverage extends in a particular 

circumstance is often disputed, and is presently the subject of a substantial amount of 

litigation. In its 1993 report to stockholders, Aetna reported that eight percent of its open 

claims “represented coverage disputes between the company and its policyholders that has 

reached the litigation stage. ” The outcome of such litigation is far from certain, as courts 

have reached inconsistent conclusions with respect to the existence of insurance coverage for 

environmental claims. Consequently, although the FAS 5 recognition criteria may have been 

met from the perspective of the poIichyholder, it is by no means certain that recognition is 

required, or even appropriate, by the insurer. 

Limited recognition and disclosure, on the part of both insurers and insureds, can at 

least partially be attributed to difficulty in establishing the existence of a potential liability, 

and to additional difficulties with respect to quantifying the amounts involved. The latter 

involves issues related to measurement, discussed below. 

Measurement Uncertainty 

Given the existence of a present obligation, recognition is required when its amount is 

reasonably estimable, with the accrual being equal to the best available estimate. When only 

a range of estimates is available, and no amount within the range can be considered a better 

than any other amount, accrual of at least the minimum of the range is required (FASB 

Interpretation (FIN) No. 14; CICA 3290; IAS 10). 

The process of measurement involves a number of factual determinations and 

qualitative judgements. At issue are the costs to be included or excluded from the estimate, 

the measurement basis to be applied, the precision with which the estimates can be made, 
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and the materiality of the estimated amount to the financial statements as a whole. Although 

an item may appear to meet the tests of both relevance and materiality, technological, legal 

and other uncertainties may still support a conclusion that the estimation process is not 

sufficiently reliable to support financial statement recognition. 

A number of surveys have indicated that difficulties in measurement dominate the 

probability of existence in determining whether to recognize a liability. Of the 500 largest 

U.S. companies, 23 per cent disclosed information on superfund status in 1989, with few 

providing detailed disclosure. Others “broadly admitted” their potential liabilities in unstated 

amounts (Biersach, 1991). Similarly, Price Waterhouse (1992) reported that “62 percent of 

respondents indicate that known environmental exposures exist at their companies which have 

not been accrued because the FAS 5 criteria remain unmet.” 

The SEC has taken some action to limit the opportunities for non-recognition on the 

basis of estimation uncertainty. Staff Accounting Bulletin 92 (SAB 92) states “management 

may not delay recognition of a contingent liability until only a single amount can be 

reasonably estimated, ” reminding preparers that once the existence of a liability is 

established, its amount is unlikely to be zero. Consequently, recognition of an amount at 

least “equal to the lower limit of the range is necessary even if the upper limit of the range is 

uncertain” (SAB 92). 

In estimating the amount of the liability, SAB 92 requires consideration be given to 

all available facts and circumstances at the financial statement date. This includes 

information gained from prior experience with environmental matters, existing technology, 
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presently enacted laws and regulations, and consideration of the likely effects of inflation, 

societal and other economic factors in making the necessary estimates. 

Certain characteristics have been identified as having a significant practical influence 

on the process of estimation. These involve the MNre of the source of environmental 

damage-chemical composition, site characteristics, the degree of or potential for migration 

off site, etc.; the number of regulatory agencies that have asserted or may assert authority 

with respect to a specific site; the number and financial viability of other parties that may be 

held liable to bear a portion of the costs; and the potential for recovery from insurance 

companies. These variables identify a number of separable issues, but in considering their 

influence on the process of measurement, the potential for interaction among them is clear. 

Assessing the degree of site complexity requires the application of scientific analysis 

and judgement. The extent of the problem depends, in part, upon the number, types and 

concentration levels of specific compounds present. Response costs, in turn, depend upon 

the availability of existing technology and its effectiveness in reducing or eliminating the 

identified hazardous substance or substances. Where alternative technologies exist, there is a 

question as to which should be employed: the Best Practical; Best Conventional, or Best 

Available technology for treatment (Clean Water Act (CWA): 33 U.S.C. 1251 et seq.). 

Selection of an appropriate technology depends, in turn, on the standards imposed at a 

particular site. This issue is, however, contentious in that specific standards may not have 

been set for a given chemical compound, leaving doubt as to the extent of cleanup to be 

undertaken. Language in the Clean Water Act is iflustrative: “Where no standards are 

established, EPA or state agencies apply ‘best professional judgment’ to set standards for a 
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site based on available data on known pollutants in the discharge” (CWA: 33 U.S.C. 1251 et 

seq.) Further, the number of regulatory agencies that may assert jurisdiction can complicate 

the selection of an appropriate response strategy. Again, language in the CWA is 

illustrative: “[Elven if an operation meets effluent discharge limitations, more stringent 

requirements may be imposed if it is determined that the discharge may violate state water 

quality standards or federal water quality criteria for receiving waters” (US CFR V40 part 

122 (1988)). 

The SEC specifically notes that a RI/FS is intended to determine the “extent of 

contamination, evaluate remediation alternatives for removal, treatment, destruction and 

monitoring the hazardous materials and recommend a remediation action plan, including a 

cost estimate” (SAB 92). A major conclusion is that: “As a result of the RIIFS, two major 

variables of the clean-up process, remediation method and related costs, are reasonably 

determinable. ” It appears that, barring compelling circumstances, delaying recognition 

beyond the point at which a RIIFS is completed may no longer be acceptable to the SEC. 

While completion of the RIlFS may be the latest point at which recognition should 

occur, comments made elsewhere in SAB 92 clearly indicate the Commission’s position 

favoring earlier recognition. Specifically, SAB 92 states that: 

Information necessary to support a reasonable estimate or range of loss may be 
available prior to the performance of any detailed remediation study. Even in 
situations in which the registrant has not determined the specific strategy for 
remediation, estimates of the costs associated with the various alternative remediation 
strategies considered for a site may be available or reasonably estimable. 

A further complicating factor in measuring the amount of loss is the imposition of 

strict, joint, and several liability under CERCLA. Where more than one party has 
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contributed to damage at a site, each is responsible for at least a proportionate share of the 

total costs. The potential does exist, however, for a single PlW to be held liable for amounts 

far in excess of its proportionate contribution to the problem. Consequently, measurement of 

the liability must consider the total costs of clean-up, the entity’s likely proportionate share 

of the total, and the probability that “excess” costs may be assigned as a result of financial 

incapacity of one or more named PRP’s or the inability to identify all PRP’s contributing to 

the environmental damage. For the purpose of financial statement presentation, this raises a 

serious question regarding the amount to be reported, i.e., with or without consideration 

being given to amounts that would otherwise be assignable to other PBP’s. On this question, 

the SEC has adopted the position that 

If it is probable that other responsible parties will not fully pay costs 
apportioned to them, the liability that is recognized by the registrant should include 
the registrant’s best estimate, before consideration of potential recoveries from other 
parties, of the additional costs that the registrant expects to pay. Discussion of 
uncertainties affecting the registrant’s ultimate obligation may be necessary if, for 
example, the solvency of one or more parties is in doubt or responsibility for the site 
is disputed by a party. A note to the financial statements should describe any 
additional loss that is reasonably possible [SAB 921. 

Having been named a potentially responsible party (PRP) by the EPA does not 

conclusively establish legal responsibility with respect to a given site. Bather, it raises a 

rebuttable presumption that such liability exists. The quality and comprehensiveness of 

records maintained by an entity concerning the generation, transport and disposal of 

hazardous substances may be critical in reducing the uncertainties, particularly if these 

records can establish a de minimis contribution to the overall environmental damage. 

A similar question arises when potential recoveries from insurers are considered. 

This point is explored further in the section following. 
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Measurement Bases: 

Three main questions arise in connection with the selection of an appropriate basis for 

measuring the amount of environmental costs to be reported in the financial statements. 

First, should these amounts reflect consideration of possible recoveries from other 

responsible parties or from insurers? Second, if the costs of an environmental response are 

to be borne over a number of years, should the reported amounts reflect the time value of 

money? Third, when an environmental cost results from an impairment of asset value, what 

reference point(s) should be used in measuring the loss of value? 

It has been common practice to report many liabilities net of anticipated recoveries. 

Under GAAE, for example, loss and loss adjustment reserves are reported net of anticipated 

salvage and subrogation. Doing so requires that the criteria for recognition be met with 

respect to both the liability and the related asset (receivable). Recently, however, concerns 

have been raised that the practice of netting may have been too aggressively applied, i.e. 

offsetting probable losses with (only) likely recoveries. In SAB 92, the SEC has made it 

clear it believes “separate presentation of the gross liability and related claim for recovery in 

the balance sheet most fairly presents the potential consequences of the contingent claim on 

the company’s resources and is the preferable method of display. ” This position is supported 

by the consensus opinion reached by the FASB’s Emerging Issues Task Force (EITF) in 

Issue 93-5, that “an environmental liability should be evaluated independently from any 

potential claim for recovery,” and that “any loss arising from the recognition of an 

environmental liability should be reduced by a potential claim for recovery only when that 

claim is probable of realization. ” 

- = 
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The practice of reporting environmental losses net of insurance recoveries has recently 

received explicit attention. Of particular concern is the apparent disappearance of a 

significant amount of liability as insureds implicitly recognize insurance recoveries in the 

process of netting, while insurers have not recognized an equivalent amount on the basis that 

either coverage does not extend to these losses (the potential liability fails to meet the 

existence test) or that “there are too many uncertainties to estimate their potential liabilities 

for environmental losses within any accepted degree of accuracy” (Foppert, 1993). 

In response, the SEC has adopted a position intended to limit this practice, declaring 

that “risks and uncertainties associated with a registrant’s contingent liability are separate and 

distinct from those associated with its claim for recovery from third parties” (SAB 92). A 

consequence of this position may be the restoration of some symmetry in the disclosure of 

environmental liabilities by insurers and insureds. 

Existing accounting standards generally support the position taken by the SEC. 

Accounting Principles Board Opinion No. 10 proscribes offsetting liabilities and related 

receivables except in those cases where a right of set-off exists. Financial Accounting 

Standards Board Interpretation No. 39, “Offsetting of Amounts Relating to Certain 

Contracts, ” further supports the position favoring a more comprehensive application of the 

prohibition against setoff. For SEC registrants, “the presentation of liabilities net of claims 

for recovery will not be appropriate after the provisions of FIN 39 are required to be applied 

in financial statements. “* 

‘The provisions of the Interpretation are effective for financial statements prepared for 
fiscal years beginning after December 15, 1993. 
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While these restrictions are, at present, unique to the United States, there are 

indications that similar prohibitions will be more universally applied. Although Canadian 

accounting standards do not advocate offsetting expected recoveries against the related 

liability, CICA section 3290.11 states: “A likely loss to an enterprise may be reduced or 

avoided by a counter-claim or a claim against a third party. In such a case, the amount of 

the likely recovery is an element of the likely loss and would, therefore, be taken into 

account in determining the amount to be accrued. ‘I3 There is, however, an outstanding 

exposure draft, “Contingent Gains and Losses” (CICA 1993) that would treat the claim or 

counter-claim as a contingent gain. Under the proposed standard, the contingent gain would 

only be recognized if its realizability were virtually certain. If adopted, this standard would 

bring U.S. and Canadian GAAP into closer accord on this issue. 

Where an environmental liability may require cash outlays to occur over a number of 

years, serious consideration may be given to valuing the liability at its present value. 

Although not common in practice, EITF 93-5 addressed the issue, stating a conclusion that 

“discounting an environmental liability for a specific clean-up site to reflect the time value of 

money is appropriate only if the aggregate amount of the obligation and the amount and 

timing of the cash payments are fixed or reliably determinable for that site.” If the 

requirements for discounting are met, the SEC maintains the position that the appropriate rate 

is either that which would produce an amount for which liability “could be settled in an 

1 
,” 

id 

‘IAS 10 (par. 11) contains similar wording: “A potential loss to an enterprise may be 
reduced or avoided because a contingent liability is matched by a related counter-claim or 
claim against a third party. In such cases the amount of any accrual may be determined after 
taking into account the probable recovery under the claim.” 
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arm’s-length transaction with a third party,” or, if that rate is not readily determinable, a 

risk-free rate on securities with comparable maturities in accordance with paragraph 4(a) of 

FAS 76, “Extinguishment of Debt.” Where a liability is presented on a discounted basis, 

any related claims for recoveries should also be discounted. 

Environmental losses related to declines in asset value present another troublesome set 

of challenges. In the general case, any decline in asset value that is considered to be “other 

than temporary” requires the immediate recognition of a loss. With respect to declines in the 

value of owned assets, it is necessary to establish a reference point from which the amount of 

the loss is to be measured. Where the loss results from an event that is “sudden,” there is no 

conceptual problem in measuring the loss from a point just prior to its occurrence. 

Alternatively, where the loss in value has occurred gradually over a period of time, it may 

be difficult, if not impossible, to establish a reference point just prior to the “occurrence.” 

The issue is not simply one of timing, as the choice also has a bearing on whether the costs 

of remediating the damage will be properly categorized as repairs, betterments, or losses. 

How these costs are ultimately categorized may be affect whether or not insurance coverage 

extends to the specific costs, and may also affect the treatment of these costs for tax 

purposes. 

A consensus was reached by the EITF (Issue No. 90-8) that capitalization of 

environmental costs is appropriate only if the costs are recoverable (through future operation 

or subsequent sale of the asset) provided that one of the following criteria is met: 
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1. The costs extend the life, increase the capacity, or improve the safety or 
efficiency of property owned by the company. For purposes of this criterion, 
the condition of that property after the costs are incurred must be improved as 
compared with the condition of that property when originally constructed or 
acquired, if later. 

2. The costs mitigate or prevent environmental contamination that has yet to 
occur and that otherwise may result from future operations or activities. In 
addition, the costs improve the property compared with its condition when 
constructed or acquired, if later. 

3. The costs are incurred in preparing for sale that property currently held for 
sale. 

The EITF noted that where contaminated soil is processed to remove existing contaminants, 

the activity neither extends the useful life of the property, nor does it improve its efficiency 

relative to its unimpaired condition at acquisition. In addition, while the activity addresses II 
.” 
a an existing problem, it does not mitigate or prevent future contamination. Consequently, the 

costs may not be capitalized for financial reporting purposes. 
..I 

Required Financial Statement Disclosures 

Both accurate and complete disclosure are necessary to assure that the financial 

statements are not misleading to investors, creditors and other users. Efforts to accelerate 

the recognition of environmental liabilities are primarily motivated by this need. In addition, 

certain disclosures may serve as early warnings to financial statement users of economic 
. I  

events and circumstances that may adversely affect an entity’s ability to generate favorable 

cash flows. 

Contingent losses whose existence is not sufficiently probable, or its measurement is 

not sufficiently reliable to require accrual and recognition in the body of the financial 

statements may still require disclosure in either the footnotes to the financial statements, 
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Management’s Discussion and Analysis, or both if its probability of existence is more than 

remote. Under both U.S. and international accounting standards, the nature of the 

contingency and an estimate of the possible loss or range of loss, or a statement that such an 

estimate cannot be made is required in the notes to the financial statements (FAS 5; IAS 10). 

Under Canadian GAAP, the disclosures extend to losses that are “unlikely” provided that, if 

confiied, “would have a significant adverse effect on the financial position of an enterprise” 

(CICA 3290.17). 

Staff Accounting Bulletin 92 provides additional detailed guidance to SEC registrants. 

The basic premise underlying this SAB is that 

product and environmental liabilities typically are of such significance that detailed 
disclosures regarding the judgments and assumptions underlying the recognition and 
measurement of the liabilities are necessary to prevent the tinancial statements from 
being misleading and to inform readers fully regarding the range of reasonably 
possible outcomes that could have a material effect on the registrant’s financial 
condition, results of operations, or liquidity. 

This SAB provides detailed guidance for the disclosure of environmental loss contingencies 

that is far more comprehensive than that provided in FAS 5. Specific examples of 

disclosures that may be necessary include: 

. Circumstances affecting the reliability and precision of loss estimates. 

. The extent to which unasserted claims are reflected in any accrual or may 
affect the magnitude of the contingency. 

l Uncertainties with respect to joint and several liability that may affect the 
magnitude of the contingency, including disclosure of the aggregate expected 
cost to remediate particular sites that are individually material if the likelihood 
of contribution by the other significant parties has not been established. 

. Disclosure of the nature and terms of cost-sharing arrangements with other 
potentially responsible parties. 

391 



. The extent to which disclosed but unrecognized contingent losses are expected 
to be recoverable through insurance, indemnification arrangements, or other 
sources, with disclosure of any material limitations of that recovery. 

. Uncertainties regarding the legal sufficiency of insurance claims or solvency of 
insurance carriers. (Where registrants can rebut the presumption that no asset 
be recognized for contested claims for recovery) registrants should disclose the 
amount of recorded recoveries that are being contested and discuss the reasons 
for concluding that the amounts are probable of recovery. 

. The time frame over which the accrued or presently unrecognized amounts 
may be paid out. 

. Material components of the accruals and significant assumptions underlying 
estimates. 

Further, registrants are cautioned that 

a statement that the contingency is not expected to be material is not sufficient , . . if 
there is at least a reasonable possibility that a loss exceeding amounts already 
recognized may have been incurred and the amount of that additional loss would be 
material to a decision to buy or sell the registrant’s securities. In that case, the 
registrant must either (a) disclose the estimated additional loss, or range of loss, that 
is reasonably possible, or (b) state that such estimate cannot be made. 

These requirements are in addition to those disclosures that must be made outside the 

financial statements. Items 101 (Description of Business), 103 (Legal Proceedings), and 303 

(Management’s Discussion and Analysis) of Regulations S-K and S-B govern such 

disclosures. Securities Act Release No. 6130 (September 27, 1979) and Financial Reporting 

Release (FRR) No. 36 (May 18, 1989) are two interpretive releases that provide additional 

guidance with respect to environmental matters, 

Disclosures made in light of this guidance “should be sufficiently specific to enable a 

reader to understand the scope of the contingencies affecting the registrant.” This would 

include discussion of past and anticipated expenditures, with separate descriptions of 
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(4 recurring costs associated with managing hazardous substances and pollution in 
on-going operations, 

(b) capital expenditures to limit or monitor hazardous substances or pollutants, 

(cl mandated expenditures to remediate previously contaminated sites, and 

W other infrequent or non-recurring clean-up expenditures that can be anticipated 
but which are not required in the present circumstances. 

Disaggregated disclosure describing accrued and reasonably likely losses with respect to 

specific environmental sites may be necessary if their amounts are individually material. In 

addition, “if management’s investigation of potential liability and remediation cost is at 

different stages with respect to individual sites, the consequences of this with respect to 

amounts accrued and disclosed should be discussed.” 

Disincentives to Dlsclosure 

Earnings pressures and tax considerations have been identified as two of the most 

important disincentives to the recognition and disclosure of environmental costs (U-N., 

1991c). In general, insurers and non-insurers alike are subject to their influence. 

Both earnings pressures and tax considerations can combine to create strong 

disincentives to recognition. The consensus reached in EITF 90-8 (discussed previously) 

generally favors the recognition of environmental costs as current period expenses rather than 

as assets. Specifically, the EITF argues against the capitalization of costs associated with the 

removal, treatment, and replacement of contaminated soil. Consequently, the full income 

statement effect of these costs would be reflected in the year in which they are recognized. 

The US. Internal Revenue Service reached a different conclusion in Private Ruling 

9315004 issued in December 1992. In that ruling IRS argued that the costs of soil removal 
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and replacement necessitated by PCB contamination is not deductible under section 162(a) of 

the Internal Revenue Code. This section allows a deduction for ordinary and necessary 

expenses paid or incurred during a taxable year. In arguing against deductibility, IRS noted 

that 

Pursuant to section 161 of the Code, the deductibility of expenses under section 162 is 
subject to the provisions in section 263. Section 263(a) of the Code provides that no 
deduction shall be allowed for any amount paid out for permanent improvements or 
betterments made to increase the value of any property or estate, or for any amounts 
expended in restoring property. Deductions are exceptions to the norm of 
capitalization, 

Further, the IRS relied upon section 1.162-4 of the Income Tax Regulations which allows a 

deduction for a repair COSI only if all of the following conditions are met: the repair is 

incidental; the cost of the repair does not materially add to the value of the property; the 

repair does not appreciably prolong the useful life of the property; and the purpose of the 

expenditure is to keep the property in ordinarily efficient operating condition. 

In the specific case under discussion, IRS argued that soil removal and replacement 

failed the test for deductibility on several points. The scale of the activity precluded 

characterizing the activity as incidental; the costs expended could be expected to increase the 

I 

,.,., 
ti 

value of the property relative to its value as contaminated property just prior to the 

commencement of remediation activities; and the removal of a known hazard increased the 

safety of operations carried out at the site. Further, the IRS placed significant weight on the 

fact that remediation activities were undertaken as a part of a comprehensive plan of 

rehabilitation. In summary, the IRS argued a position that would categorize such activities as 

betterments, rather than repairs-a position clearly at odds with financial accounting 

treatment of the same costs. Should this position be pursued and subsequently upheld by the 
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courts, it would create an additional financial disincentive for business enterprises to 

undertake prompt and comprehensive responses to environmental problems.4 

Insurers are faced with specific disincentives with regard to recognizing and 

disclosing environmental loss reserves. First, earnings pressures work against accelerated 

recognition. The recognition of additional liabilities, whether to establish a reserve or 

strengthen an existing reserve, reduces both earnings and surplus. Though me effects would 

not be felt equally across insurers, there is the potential for such adjustments to affect rating 

agency perceptions of insurer strength and performance, and may, at the margin, limit the 

capacity of an insurer to write new business. 

Second, there is concern that detailed disclosure may compromise an insurer’s 

chances of successful litigation “both in terms of appearing to admit liability and of having 

the deep pockets to cover it” (A.M. Best, 1994). Third, measurement uncertainties include 

not only the uncertainties involved in estimating the underlying liabilities of claimants, but 

also the uncertainties associated with the outcome of litigation involving coverage disputes. 

Together, these uncertainties may make it difficult to defend the tax deductibility of reserves 

against an IRS challenge on the basis that reserve amounts appear excessive (A.M. Best, 

1994). 

The Future 

The current state of financial reporting for environmental costs might best be 

described as unsettled. Standard setters have yet to give environmental reporting issues high 

4A revenue ruling has since been issued that may substantially modify this position. 
Details were not available in sufficient time to be incorporated into this paper. 
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priority. While the accounting profession recognizes the financial significance of 

environmental costs, the majority appears to hold that the accounting for these costs involves 

no new theoretical issues, and the accounting guidance in FAS 5 is sufficient. Consequently, 

the likelihood that FASB involvement with environmental issues at the standard-setting level 

is, at least in the near term, relatively low. Situation specific accounting questions will 

continue to be delegated to its Emerging Issues Task Force. To date, no specific 

requirements have been imposed on insurers with respect to the preparation of statutory 

accounting statements. 

In contrast, the SEC has taken a leadership role in attempting to close the gap 

between the quality of disclosure demanded by financial statement users, and that being I 

provided by financial statement preparers. It has made clear its intentions to actively monitor 

registrants’ disclosures, and question registrants when it believes that disclosure is 

incomplete. Although there has yet been no action, the U.S. General Accounting Office has 

recommended that the SEC revise its guidance “to specifically address insurance companies’ 

disclosure of environmental liabilities,” including the disclosure of the number of reported 

claims and “an estimated range or minimum amount of associated claims costs and expenses” 

(GAO, 1993). .1 
q 

There is some evidence that financial statement preparers have begun to respond to 

demands for a more complete accounting of environmental costs. The Price Waterhouse 

.._ ..m 

surveys results discussed previously suggest that non-insurance enterprises are accelerating 

the recognition of environmental liabilities. Corresponding action by insurance companies is, 

however, not in evidence. Of the 16 largest publicly held property-liability companies, only 
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three separately disclosed the costs associated with environmental liability claims in their 

original 1991 SEC filings (GAO, 1993). 

Litigation costs are likely to take on increasing importance to insurers. Despite the 

insurance industry’s vigorous denial of environmental claims, more companies are reporting 

that they consider potential insurance recoveries in estimating their environmental liabilities. 

From 1990 to 1992, the percentage of companies considering insurance recoveries rose from 

21 to 69 percent; fully 88 percent indicate they believed recovery to be probable (Price 

Waterhouse, 1992). The potential for increased litigation activity is apparent, as is the 

potential for the associated costs to be substantial. Aetna, for example, reported in 1993 that 

two-thirds of its $231 million reserve for environmental claims “represents a bulk reserve for 

legal fees.” Insurers will no doubt be under increasing pressure to recognize and disclose at 

least this component of their potential environmental liability. 

Continued improvements in financial reporting will depend, in large part, on the 

development of more detailed data. Environmental auditing activities are increasingly being 

viewed as an appropriate response to environmental concerns. The Canadian Institute of 

Chartered Accountants has formally taken up the issue of accountants’ role in such activities. 

Specialized environmental consulting services are now available from a number of national 

accounting firms. In Europe, environmental auditing activities are becoming more 

formalized. On June 29, 1993 the EC Council formally adopted a Regulation (1836/93) for 

the introduction of a voluntary &o-Management and Audit Scheme. Movement is clearly 

toward the provision of more detailed, and more focused environmental information. 
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GEOCRAPHICALTECHNIQUESTOREVIEWANDTFUCK 

ENVIRONMENTALLIABILITIES 

Philip D. Miller, FCAS 

and 

Beth Mabee, CPCU 

“We already have the statistics for the future: the growth percentages ofpollution, population, 

deserlification. The fiture is already in place. ” 
1 

Gunther Grass ,,,, n 

Abstract 

The identification and quantification of environmental liability exposures is 

becoming increasingly more important to U.S. property/casualty insurers. This article 

discusses new tools available to assist in the evaluation of Environmental Impairment 

Liability (EIL) exposures, and how EIL reserving might be handled in “the Perfect World ; 
2 

of the Future.” 

The opinions expressed in this paper are those of the authors, and do not represent the official views of 

Insurance Services office, Inc. 
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GEOGRAPHICAL TECHNIQUES To REVIEW AND TRACK 

ENVIRONMENTAL LIABILITIES 

Philip D. Miller, FCAS 

and Beth Mabee, CPCU 

“We already have the stat&tics for thefirture: the growth percentages ofpollution, popbtfon, 

desern@affon. The @ire is already in place. ” 

Gunther Grass 

Introduction 

Hazardous waste cleanup costs in the United States continue to escalate. A 1991 

University of TeMessee study estimated they may reach $750 biion over the next 30 

years.1 More recently the A M. Best Company reported “[t]he ultimate cost of 

environmental and asbestos damages and remediation in the United States could run well 

over $2 trillion.. ‘I2 Potential liability for these environmental cleanup costs is of 

The opinions expressed in this paper arc those of the authors, and do not represent the oIIiciaJ views of 

Insurance Services Oftice, Inc. 

‘Milton Russell, etal., Hazardous Waste Remediation: The Task Ah@ University of Tennessee, Waste 

Management Research and Education Institute (Dec. 1991), quoted in Envircnmental Liabilitv: Prouerty 

and Casualtv Insurer Disclosure of Environmental Liabilities (GAO/RcED-93-108, June 2, 19931, p,4. 

2John H. Snyder and W. Dolson Smith, “EnvironmentaVAsbestos Liability Exposures: A P/C Industry 

Black Hole,” BestWeek Property/Casualty Edition @Iarch 28, 1994), p. P/C I. 
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particular concern to property/casualty insurers, even if they haven’t knowingly written 

environmental impairment coverage. 

The retroactive joint and several liability provisions of the current SuperfUnd law 

may result in huge judgments against insureds or former insureds decades after a 

hazardous activity has been discontinued. When a Potentially Responsible Party (PRP) is 

notified of an impending cleanup and its associated costs, that PRP is likely to turn 

immediately to its insurer for defense and, if necessary, liability payments. Sources of 
w 

pollution ranging from leaking underground fuel tanks to improper waste disposal may iM 

at??’ both commercial and personal lines policies long after the policies themselves have 

been shredded or sent to long-term storage. 

When many activities that have retroactively saddled insurers with huge liabilities 

took place, they were legal, possibly even common, business practices. The responsible 

parties may not have understood the concept of environmental pollution, let alone realized 

they could later be held responsible not only for the cleanup of their own pollutants but for 

the liabilities of co-polluters who disappeared or declared bankruptcy. Similarly, their 

insurers included nothing in their Incurred But Not Reported (IBNR) reserves to cover ,/_ .*m 

liabilities that were not yet perceived as such--polluting activities that changes in the social 

climate caused to become retroactive liabilities. 

As the September 30 expiration of Superfund nears, the debate over the 

continuation of its retroactive nature and joint and several liability provisions has 

intensified. Regardless of the outcome, however, insurers need better methods of 

quantifying their current and iInure environmental liabilities--those resulting from past 

court decisions, and those yet to be incurred. 
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The Ostrich Annroach to Environmental Imnairment Liabilitv (EIL) Has DanPerous 

Consequences 

Until recently, insurers have not reserved for many potential environmental losses. 

Identification of environmental exposures has been difficult and accounting standards have 

not demanded revelation of tenuous liabilities. The Financial Accounting Standards Board 

has required that a potential liability appear on a company’s balance sheets only when it is 

reasonably probable that a liability has been incurred and the amount of the loss can be 

reasonably estimated--difficult if not impossible in a world of long-tail hidden hazards and 

rapidly changing environmental contamination detection and cleanup technology. 

Historical information has been of little use in quantifjting losses. Past claims have 

been inconsistently reported, and changes in technology and liability standards have altered 

the costs of cleanup and the identification of responsible parties. 

To complicate matters, many environmental liability suits have involved the 

interpretation of policy language that insurers believe shields them from responsibility for 

loss payment. Insurers have been understandably reluctant to reserve for these losses, 

feeling that such reserves would not reflect “reasonably probable” liabilities, and could 

even be interpreted as admissions of responsibility for payment (self-fulfilling prophecies). 

Then too, regulators have tended to pursue “deep pocket” PRPs, leaving the pursuit of 

smaller or “vanished” parties to the large PRPs and their insurers. The possibility of 

eventual recovery of cleanup costs from these other parties or their insurers has also 

limited the appearance of liabilities related to cleanup on insurer balance sheets. This 

situation has changed during the last year. 

A June 1993 Government Accounting Office (GAO) report pointed out that of the 

nation’s 16 largest property/casualty insurers, only 2 in 1990 and 3 in 1991 disclosed dollar 

amounts related to environmental claims in their annual reports. An additional 5 insurers 
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in 1990 and 8 in 1991 stated they were involved in litigation over environmental claims 

without mentioning figures. At the same time, insurance executives claim environmental 

liabilities could significantly affect the financial condition of the PC industry .3 Industry 

studies bear this out. 

ISO’s analysis of the runoff on year-end 1983 loss and loss adjustment reserves for 

general liability (excluding products) shows a disturbing trend. For eight of the nine 

calendar years ending December 1992, payments on accident years prior to 1983 have 
I 

been more than 25% of the prior year’s carried reserves. However, as shown in the chart i 

below, the reserves themselves, instead of decreasing after the loss payments, have been 

flat--or worse yet, grew 65% in 1992! Through 1992 year-end, the $9.2 billion reserve 

established at year-end 1983 has 

run off $12 billion deficient4 -,mn*ra 
-.-.CWhd”)*r* 
-MEnma 

Late emergence of environmental ----ol&dcMOd”m. 

losses is the chief suspect in this 
10 

adverse development. --.-.- .-.__,_,_,__ 
._.- 

,,...’ - _ ._ _ _ _. 

A recent analysis by AM. ,_./ 
+ : : : : : l a 

L) * n ID 01 

Best Company showed a 64% 

increase in industry environmental 

reserves from 1989 to 1992 (from $3.6 billion to $5.9 billion) compared to a 22% rise in 

total industry reserves over the same period. The authors of the analysis predicted that 

3EnvironmentaI Liabilitv: Prooertv and Casualtv Insurer Disclosure of Environmental Liabilities 

(GAO/RCED-93-108, June 2, 1993). 

4”I..oss and Loss Adjustment Expense. Reserves at Year-End 1992: Technical AnaIysis,” Insurance 

Services Office, Inc., October 1993 
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environmental liability “represents the single largest threat to the property/casualty 

insurance industry’s financial health for the next several decades.“5 

New Reporting Requirements Seek Uniform&v in Reserve Handling 

In response to the contradictory handling of these claims by different companies, 

the SEC has promulgated new rules for disclosure of liabilities. Sta#Accuunting Bulletin 

No. 92, issued June of 1993, directs companies to evaluate environmental liabilities 

“independently from any potential claim or recovery.” Since insurer recovery From others 

for payment on behalf of their insureds is uncertain as to timing and achievement, the 

Securities Exchange Commission (SEC) no longer feels that the amount of potential 

liability should be offset by the amount of potential subrogation recovery. The SEC has 

also taken the position that “[n]ot withstanding significant uncertainties, management may 

not delay recognition of a contingent liabiity until only a single amount can be reasonably 

estimated.” Regardless of how difficult estimating potential liabilities may be, insurers 

must reflect at least minimum estimates on their GAAP balance sheets now.6 As a result, 

they are scrambling for better ways to identify and quantify environmental hazards and 

their associated loss exposures. 

%nyder and Dolson, Op. Cit., p. P/C 3. 

% management is able to determine that the amount of the liability is likely to fall within a range and no 

amount within that range can be determined to be the better estimate, the registrant should recognize the 

minimum amount of the range pursuant to Financial Accounting Standards Board Intermetation No. 14. 

‘Reasonable Estimation of the Amount of a Loss’ (‘FIN 147.” 
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New Geographic Manpin Technolorrv Can Help 

Insurers can more easily respond to this challenge of estimating loss reserves by 

using new technologies such as geographic information systems (GIS). GIS, as the name 

implies, can geographically locate addresses and relate them to a wealth of data that is 

geographically based. These systems identify point, line or polygon-specific data--in GIS 

terminology, these are “features.” Each of these features can be pinpointed on the face of 

the earth utilizing a principle called “geocoding,” the assigning of latitude and longitude 

based on an address or zip code. Data can be attached to these features and manipulated 

in a manner similar to spreadsheet or database programs. This can lead to the generation 

of maps, or the extraction of geographic information without the need for the user to view 

a map. GIS can be used to calculate the distance from one geographic feature to another 

or to measure how many features are located within a given area. Examples of these 

applications are the calculation of the distance an insured drives from his home to his 

ofice and the identification of how many insured residences are located within a given 

county. 

The property/casualty insurance industry is a “natural” for the application of GIS 

technology, because so much of the coverage provided by property/casualty insurance 

policies is location-specific. These locations are in or near other features, such as 

counties, states, fire districts, census tracts, water bodies, or rating territories. The 

relationships between these features can be used in a variety of ways. 

GIS technology is most widely used in the property/casualty industry for risk-by- 

risk underwriting. Using GIS tools and products, underwriters can screen new 

applications for a wealth of risk-related information that was previously unavailable or 

available only through time-consuming reference to maps and rating manuals. Inputting 

the risk address gives the underwriter access to essential information, including rating 
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territories for various coverages, Public Protection Classifications, distances to water 

bodies, drive-distance-to- work calculations, and demographically based estimates of an 

area’s crime potential. The addition of construction information for a given building may 

also allow the system to estimate maximum losses from insured events of varying 

magnitudes. 

In addition to screening new applications, the information supplied by GIS systems 

is used by insurers for portfolio analysis. GIS can enable an insurer to estimate how many 

risks it writes within 1500 feet of a major water body, or along a given earthquake fault. 

Combined with modeling software, it may also be used to predict potential losses resulting 

from a hurricane or major hail storm. This information may assist the insurer in spreading 

its own risks and, as a side benefit, in obtaining reasonably priced catastrophe reinsurance. 

Combined with demographic information, GIS portfolio concentration analysis can also 

assist insurers in planning for fUture expansion, 

From predicting the path of a storm and the concentration of risks in that area to 

predicting post-disaster adjuster deployment is a small step. The Federal Emergency 

Management Agency used aerial and satellite photographs and GIS to plan relief efforts 

after 1993’s massive flooding in the Mississippi valley.7 Combining information on where 

the risk addresses in an insurets inforce policy files are with a storm’s path, speed, and 

related factors can provide early estimates of the probable number of properties damaged 

and the number of claims adjusters that should be deployed. This technology can allow 

insurers to refine their contingency planning and respond more quickly to natural 

disasters--an important step in an era when speed is a major criterion used by customers to 

‘Gary H. Antha, “Fed Agency Tailors GIS to Locate Flooded Areas,” ComDuterworld (Aug. 2, 1993). 
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judge the quality of service, and when speed can serve to minimize the ultimate loss 

payment. 

EIL Uses for GIS 

Specific uses of GIS involving Environmental Impairment Liability (EIL) 

exposures are also possible. Federal, state, and local governments have been storing 

information on actual and potential pollution sites for years in over 800 electronic 

databases. These databases can help identify environmental contamination risks. 

Geographic information systems can locate the addresses in an insurer’s book of business, 

and quickly and accurately search the relevant databases for reports of pollution at each 

insured site and in the surrounding area. Several products now available or under 

development will allow insurers to access over 2.5 million governmental records on 

locations with actual and potential contamination. Types of hazards identified will 

include: 

l Sites on the National Priorities List and its state equivalents; 

l Other Superflmd (CERCLIS)* sites; 

. RCRAg transportation, storage and disposal sites; 

l Properties used as solid waste landfills; and 

l Leaking underground storage tanks. 

*CERCLIS is the information system containing records related to possible violations of the 

Comprehensive Environmental Response, Compensation and Liability Act of 1980 (CERCLA). 

%CRA is the acronym for the Resource Conservation and Recovery Act of 1976. 
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Underwriters will be able to use these systems as application-screening tools to 

gather data on recorded potential hazards at the risk location or in the surrounding areas-- 

for example, within l/2 mile for underground tanks or 1 mile for Superfbnd sites. 

These database/GIS combinations and others like them can also be used in 

portfolio analysis to review and track exposures to other hazards. Both underwriting and 

portfolio analysis can help insurers with disaster planning. The insurer’s exposure to 

potential environmental liabilities is intensified if pollution hazards are located in flood- 

prone or earthquake-prone areas. Identifying combinations of hazards can help insurers 

&rther refine their Probable Maximum Loss @ML) e&mates for these areas and make 

more adequate provision for the deployment of adjusters and equipment should a disaster 

strike. 

Although very little haa been done with GIS to date in the area of reserving, the 

potential for increasing future use is there, particularly with regard to environmental 

impairment losses. 

Geomanhic Information Technoloav Can Help Create a Better Svsterq 

In the “Perfect World of the Future,” geographic information databases would be 

available for all properties, residential and commercial. These databases would describe 

the physical and commercial characteristics of the properties--information such as previous 

site uses and the site uses for adjoining properties in addition to the consttuction, current 

occupancy, protection and exposure information available today from sources such as IS0 

Commercial Risk Services, Inc.% Specific Property Information database. Historical 

information would be particularly valuable in identifying contaminated sites and leaking 

tanks where no structures remain. In addition, these databases would include information 

about soil type, terrain, elevation, ground water, aquifers, and other factors that would 
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promote or impede the spread of environmentai contamination. The current databases of 

government information on actual and potential contamination sites would also have been 

greatly improved by the adoption of uniform reporting standards and the inclusion of more 

historical information on both cleanup costs and the loss of property values resulting fi-om 

reported contamination. 

GIS could play a role by creating an “expert system.” For example, once a 

relationship between geology or soil structure and the direction or velocity of a pollutant’s 

spread is established, a map of an area’s geology or soil structure could aid in determining 

the flow of contaminants and thus in estimating the area impacted by toxic levels of 

hazardous materials. 

EIL claims adjusters would have instant access to this information upon entering 

the property address or some other geographic identifier (such as latitude and longitude) 

into the computer network. Underwriters would also have access to this infarmation, 

improving application screening, portfolio management, and the pricing of EIL 

coverages. l O 

Toward More Accurate ReservinP- for EIL 

In the Perfect World of the Future, such expert systems would be used to 

determine a damageability index. This index would measure the relative risk of 

contamination spreading, uncontrolled, should some event at the site cause a leak or other 

discharge of contaminants, 

loIn his Insurabilitv and the Rerzulation of Catastroohic Environmental Risks, p. 18, Martin Katzman 

finds little e-vidence to support the idea that EIL premiums are proportional to risks, even as crudely 

measured as those risks are at present. 
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This index would require an improved understanding of the area likely to be 

impacted by the spread of a contaminant. Some current models assume that the area 

affected by a contaminated site is a circle with a given radius from the source of 

contamination. Inversely, insurers concerned with particular risk locations have drawn 

circles around them and attempted to determine what sources of actual or potential 

contamination, if any, might adversely a&&t those risks. 

The a&cted area, however, may not be circular nor of some more-or-less 

arbitrarily selected size. 

The relative hazard of the pollutant could play a role in setting the boundaries. It 

is possible that the more toxic the substance, the further harmM levels of the substance 

will spread. For this reason the American Society for Testing and Materials standards, 

which the banking industry uses to search for historical pollutants in the vicinity of 

collateral properties, specifies record searches for leaking tanks or CERCLIS sites within a 

l/2 mile radius of the subject property and for National Priorities List sites within a one 

mile radius. 

The size of the affected area may also change with the risk tolerance of the insurer. 

Choosing a larger affected area then would be analogous to including a larger margin for 

adverse deviation. 

In addition, factors such as geology and soil type/structure are important. The 

geology can a&ct the movement of subsurface flows of water or contaminants. Soil type 

is also important since (1) the contamination sites are located in the layer of the earth’s 

crust above the permanent ground water level where the soil is and (2) its structure affects 

the direction and speed of movement. 

GIS could help establish the effects of geology and soil structure on the flow of 

contaminants. By combining maps ofthe geology, soil structure, and sources of 
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contamination, simulations could be run to test the expected spread of toxic elements 

against actual conditions. 

In a similar way, a restoration index could be established to measure the relative 

cost of cleaning up after contamination occurs. The history of past site uses would also be 

important in using such indices, since past usage indicates the types of contamination that 

may have occurred historically but have yet to surface. With a GIS containing site-specific 

information such as that described above, actuaries and engineers could also develop 

parameters for expected costs of restoration and indemnification. These parameters might 

vary with the characteristics of the site. 

Finally, the damageability and restoration indices can be combined with a 

frequency parameter. This parameter, at least for past contamination, might be estimated 

from historical land use maps, which can provide a basis for suspected unreported 

contamination. The parameters could be applied to each risk in a portfolio; the sum of 

such estimates would be an expected loss estimate for the EIL exposure of the portfolio. 

Obviously, such an inventory approach requires sufficient computer resources to be 

feasible. 

As loss experience accumulates, the parameters will be updated, leading to new 

estimates of expected losses. Loss emergence models will be similarly updated, much as 

current development methods use the latest loss emergence to estimate future emergence. 

This will require the development of new actuarial models. Traditional actuarial 

models of property/casualty loss development are based on the accident year or policy 

year model, where the event giving rise to the loss is discrete in time and place. In the 

past two decades, however, we have had to deal with such complexities as triple trigger 

theories of liability and latency periods from exposure to illness that span decades rather 
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than weeks. Reserving for environmental impairment liabilities will require that actuaries 

develop models to deal with exposures that are not necessarily independent by year. 

The Best Solution--Research. Research. and More Research 

For past losses, perhaps the best hope is meaningfQ Superfund reform that would 

shift the burden of payment for retroactive losses to one of the proposed “no-fault” trust 

funds. Whether financed by taxes on industry or insurers, such a tind would immediately 

decrease insurers’ exposure to unexpected, unreserved-for EIL losses. 

For more recent losses we must work toward attaining the Perfect World of the 

Future. 

Except for those carriers actively writing EIL business, we can only make heroic 

assumptions about loss potential and loss emergence. These estimates must be tested 

constantly against emerging loss data. Then new parameters will be used until they are 

refined by later data. Uniform EL data collection standards, such as those under 

development by the American Society for Testing and Materials, may assist in this effort, 

We must also be vigilant in our review of case law and technical journals. Reserve 

estimates must reflect, to the degree possible, changes in theories of liability and 

improvements in tha technology for dealing with contamination. Technological 

breakthroughs in detection and remediation techniques can raise costs or lower them-- 

either way we must be aware of them. 

We can begin now to develop databases for GIS on two ftonts. 

First, we can work with existing GIS to look for systems most compatible with the 

industry’s other underwriting needs, Then we can work with these systems to add 

elements that will increase the systems’ utility to the insurance industry. As with any new 

industry, the GIS field is teeming with start-up companies, each with its own specialty. 
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Various government agencies, too, offer information such as flood zones, aerial and 

satellite photographs, and USGS maps that could provide valuable data if fed into GIS. 

By picking and choosing among the “best of the best,” GIS could be enhanced to include 

important information on water, soil, and topography. 

Second, we can use existing underwriting, loss control and claim files to begin 

compiling the information necessary to make the parameter estimates that will be needed 

for the reserving techniques. Information from these files, in conjunction with on-site 

inspections, should allow at least rudimentary correlation of cleanup costs/damages paid 

with distance of the site from the pollutant. On-site inspections may also increase our 

understanding of the relationships between topography, hazard types, and speed and path 

of pollutant migration. Insurer files and inspections are not the only potential sources of 

this information, Information on site use and existing polh&nts has been collected by real 

estate lenders and securities firms. Environmental engineers can contribute estimates of 

average remediation costs. A diligent search will undoubtedly uncover further sources of 

historical information. 

The ultimate costs to clean up environmental contamination in this country will be 

staggering. If the property/casuahy insurance industry remains potentially liable for 

unanticipated and unfunded retroactive environmental impairment liabilities, it must 

aggressively search for the means to identify and quantify those exposures, Future 

actuarial research should center on how to accomplish this task. 

The expansion of current environmental databases and the development of models 

and simulation routines needed to estimate parameters for EIL reserving pose considerable 

challenges for the members of the Casualty Actuarial Society over the next several years. 
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We urge the talented minds of the CAS to work on combining new reserving 

techniques with GIS technology to ensure that balance sheets can be adjusted realistically 

to reflect possible liabilities for policies written with pollution coverage or without 

pollution exclusions. 
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