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ABSTRACT: Many excess-of-loss reinsurance contracts contain non-proportional 
coinsurance clauses, where the ceding company is to pay a 
non-proportional share of losses without receiving a commensurate 
share of the reinsurance premium. Such clauses include aggregate 
deductibles, loss ratio caps or limited reinstatements, and loss 
corridor provisions. Quite frequently in the broker market, and 
less frequently in the direct market, excess-of-loss treaties will 
contain adjustable premium or commission features. These adjustable 
features include retrospective rating plans, profit commission or 
profit sharing plans, and sliding scale commission plans. 

This paper compares two alternate approaches to pricing several 
relatively common treaty examples, the lognormal aggregate loss 
model and the He&man-Meyers Collective Risk Model. These 
comparisons suggest that the lognormal model provides a satisfactory 
approximation to the theoretically more appropriate Collective Risk 
Model results when use of the latter more sophisticated procedure is 
not warranted due to resource limitations. Thus, application of the 
lognormal model can lead to significant efficiency gains in 
reinsurance price monitoring work and in pricing situations where 
limited information is available. Appendices summarize important 
excess-of-loss pricing methodologies and provide an expanded 
lognormal table. 
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ADJUSTABLE FEATURES AND LOSS SHARING PROVISIONS 

Many excess-of-loss reinsurance contracts contain non-proportional coinsurance 

clauses, where the ceding company is to pay a non-proportional share of losses 

without receiving a commensurate share of the reinsurance premium. Such 

clauses include aggregate deductibles, loss ratio caps or limited 

reinstatements, and loss corridor provisions. Quite frequently in the broker 

market, and less frequently in the direct market, excess-of-loss treaties will 

contain adjustable premium or commission features. These adjustable features 

include retrospective rating plans, profit commission or profit sharing plans, 

and sliding scale commission plans. A relatively small number of 

excess-of-loss treaties will contain both adjustable premium or commission 

features and non-proportional coinsurance clauses. 

This paper will compare two alternate approaches to pricing several relatively 

common examples, the lognormal model and the He&man-Meyers Collective Risk 

Model. Our overall purpose is to determine if the lognormal model provides a 

suitable approximation for reinsurance price monitoring purposes and for 

pricing situations where limited information is available. If the lognormal 

model provides a satisfactory approximation to the Collective Risk Model 

results, significant efficiency gains would be achievable. A more 

sophisticated three parameter alternative to the lognormal is not tested under 

the presumption that the Collective Risk Model or an equivalent approach would 

be employed if the data and other resources would permit a more sophisticated 

approach. The bibliography contains several sources for those wishing to delve 

into reinsurance and excess pricing concepts in greater depth. 
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AGGREGATE LOSS DISTRIBUTIONS 

In order to price the impact of adjustable features and non-proportional 

coinsurance clauses, it is necessary to estimate the aggregate loss 

distribution. Two methods of estimating this distribution are employed: 

(a) The Lognormal Model If the aggregate loss random variable is viewed as the 

product of independent, identically distributed random variables, then the 

logarithm would be approximately normally distributed by the Central Limit 

Theorem. (The stringent condition that the factors be identically 

distributed may be re1axed.I) By definition, the aggregate loss random 

variable would be lognormally distributed. Standard formulas are employed 

based on the Patrik-John Collective Risk Model to estimate the aggregate 

mean and coefficient of variation based on assumed frequency and severity 

models. 2 An expanded lognormal table with excess pure premium ratios 

for coefficients of variation between .1 and 5 was programmed based on the 

formulas in Mr. Finger's well known paper.3 Mr. Finger developed the 

lognormal model for severity applications, while we are testing it as an 

aggregate loss model. Appendix B summarizes the lognonnal model and 

presents the expanded lognormal table. Parameter uncertainty can be 

modelled by subjectively weighting indications based on alternative 

parameter values. 

(b) The Collective Risk Model Estimate parameters of frequency and severity 

distributions and judgmentally select parameters reflecting the degree of 

uncertainty in estimated frequency and severity means. If the shape of 

lThomasian, A.J., The Structure of Probability Theory with 
Applications, McGraw-Hill, 1969, pp.239-241. 

'Patrik, G.S., and John, R.T., "Pricing Excess-of-Loss Casualty Working 
Cover Reinsurance Treaties," 1980 CAS Discussion Paper Program, p.399. 

3Finger, R. J., "Estimating Pure Premiums by Layer," PCAS LX111 (1976), 
p.34. 
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these distributions is also uncertain, one could assign subjective 

probabilities to several scenarios and compute a weighted average of the 

resulting cumulative probabilities and excess pure premium ratios. These 

quantities are computed using the He&man-Meyers algorithm,l which uses 

piecewise-linear approximations of the cumulative severity distributions 

together with assumed frequency distributions to generate the 

characteristic functions of the severity and aggregate loss distributions. 

As the characteristic function uniquely determines a probability 

distribution, numerical methods are employed to evaluate the rather 

complicated formulas which accomplish this inverse transformation, yielding 

the aggregate loss cumulative probability distribution function and excess 

pure premium ratios needed to price the reinsurance conditions which are 

the focus of this paper. Technical details are summarized in Appendix C. 

In Appendix D, we show that if the conditions for the ground-up occurrence 

count distribution to be Negative Binomial are satisfied, then the excess 

occurrence count distribution for an insured selected at random will be 

Negative Binomial. Based on this result, we derive the formula for calculating 

the excess occurrence count variance-to-mean ratio for an individual insured 

selected at random and show that this formula also applies to the class as a 

whole. This latter result is then used to demonstrate that if the proportion 

of occurrences exceeding the retention is small, then the excess occurrence 

count distribution for the class as a whole will be approximately Poisson. 

(Our proof is a direct application of the Gamma-Poisson model frequently 

------------------------ 

4Hec!unan, P. E., and Meyers, G. G., "The Calculation of Aggregate Loss 
Distributions from Claim Severity and Claim Count Distributions," PCAS LXX 
(1983). p.22. The review of this paper and the alternate recursive procedure 
by Gary G. Venter is noteworthy. 



encountered in the actuarial literature. We understand that these results have 

previously been established elsewhere, and note that Joseph Schumi has 

established these results using recursive relationships. 5) 

In particular, we establish that 

ORE = (1-P) + p(vMRG), 

where VMRG and VMRE are the variance-to-mean ratios for the ground-up and 

excess occurrence count distributions, respectively, and p is the probability 

that a claim will exceed the retention. If VMRG is two or three, as in the 

IS0 Increased Limits reviews, and p is less than .02, VMRE will be close to 

unity. This implies that the excess occurrence count distribution for an 

insured selected at random and for the class as a whole will be approximately 

Poisson. 

The Single Parameter Pareto (SPP) distribution is used to model occurrence 

severity. Mr. Philbrick's well known paper on this subject provides an 

excellent discussion of this distribution which is widely used in excess 

pricing.+j Ms. Rytgaard recently presented a paper which compares alternative 

estimates of the SPP parameter and applies credibility theory to 

obtain more stable estimators of this parameter for portfolios of excess of 

loss treaties with similar characteristics.7 In Appendix E, we summarize 

some of the key properties of the SPP distribution. In particular, we show 

that if ground-up loss occurrences excess of a particular attachment are 

5Schumi, J.R., "A Method to Calculate Aggregate Excess Loss 
Distributions," CAS Forum, Spring 1989 Edition, p. 195. 

'Philbrick, S.W., "A Practical Guide to the Single Parameter Pareto 
Distribution," PCAS LKXII (1985), p.44. Noteworthy discussion by Kurt A. 
Reichle and John P. yonkunas, p.85 

7Rytgaard, M., "Estimation in the Pareto Distribution," Astin Colloquium 
XXI (1989), p.389. 



distributed according to the SPP distribution with parameter g, excess 

occurrences are distributed according to the Shifted Pareto distribution (used 

by Insurance Services Office in Increased Limits pricing) with scale parameter 

equal to the attachment and shape parameter equal to g. 

Theoretically, if the SPP is appropriate for loss occurrences excess of a 

particular attachment, it should be appropriate above all higher attachments 

and the parameter should remain constant. Fits to industry data have led us to 

conclude that the SPP parameter varies with the truncation point used in the 

fitting procedure. Moreover, if the truncation point used in the fitting 

procedure is less than 50% of the attachment for a particular pricing analysis, 

the errors become unacceptably large. Thus, we estimate development triangles 

of SPP parameter estimates for various truncation points and project ultimate 

values of this parameter by class of business and trucation point. In the 

examples discussed in this paper, we do not identify the class of business, 

because our intent is only to discuss actuarial methodology. Although we 

advocate that alternative two and three parameter distributions be tested when 

data permits, we believe the SPP distribution with these qualifications is a 

satisfactory severity model for reinsurance price monitoring work and in 

pricing situations where limited information is available. 
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JBAHPLES OF TREATIES WITH ADJUSTABLE FEATURES AND LOSS SHARING PROVISIONS 

The remainder of this paper discusses the pricing of excess-of-loss treaties 

containing common trpes of non-proportional coinsurance clauses and adjustable 

premium or commission plans. This is accomplished through the examination of 

six hypothetical treaties, the key provisions of which are summarized on Page 1 

of Appendices F through K. respectively. The analysis of each example involves 

two major steps. First, we calculate various parameters (such as the expected 

claim count, mean severity, and aggregate coefficient of variation) which 

underlie the distribution of losses in the reinsured layer. This allows us to 

obtain an appropriate set of excess pure premium ratios, either by reference to 

an appropriate lognormal table (via coefficient of variation matching) or by 

direct generation via the He&man-Meyers Collective Risk Model. The second 

step involves the use of the set of excess pure premium ratios derived in the 

first step in order to determine the expected impact of the particular 

non-proportional coinsurance clause or adjustable feature being evaluated. 

For the sake of clarity, excess pure premium ratios (which are called insurance 

charges in the examples) based on the lognormal assumption are initially used 

to analyze the six treaty examples. In the final section of the paper, a 

comparison is made to the results obtained when excess pure premium ratios 

generated by direct applications of the Collective Risk Model are employed. 

Treaty I is an example of a contract containing an annual aggregate deductible 

provision. The calculation of the treaty's aggregate loss coefficient of 

variation (CV), which is displayed on Page 2 of Appendix F, is based on the 

theory and formulas presented previously in this paper as well as in Appendices 

A through E. 



The computation of the impact of the aggregate deductible is shown on Page 3 of 

the appendix. The deductible amount is compared to the expected losses in the 

reinsured layer in order to obtain a corresponding entry ratio, which allows us 

to look up the appropriate insurance charge from the lognormal tables in 

Appendix B. (Linear interpolation is used to calculate excess pure premium 

ratios for CV and entry ratio combinations not explicitly listed in these 

tables.) Since the insurance charge (29.33% in this case) represents the 

expected proportion of aggregate losses above the deductible amount, it is easy 

to see the complement of this value (70.67%) is the expected percentage of 

treaty losses eliminated by the aggregate deductible. Thus, if a burning cost 

or similar study shows that the expected loss cost for the entire layer is 

3.75% of subject premium, then the introduction of an aggregate deductible 

provision reduces this loss cost to 3.75% x [lOO% - 70.67%], or about 1.10% of 

subject premium. As shown in the appendix, this loss cost can easily be 

converted to an indicated treaty rate through the application of an appropriate 

expense, profit, and risk loading factor. It should be noted that the factor 

selected for this purpose should include a provision for risk commensurate with 

the degree of variability in layer losses after the application of deductible, 

which is higher than that for losses prior to the reflection of this provision. 

Treaty II contains a limited reinstatement clause. The contract allows three 

free reinstatements of coverage during the treaty year, which means that the 

ceding company is covered for losses in the specified layer until those losses 

exceed four times the width of that layer. After that point, no coverage is 
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provided. (This type of reinstatement clause should be contrasted with the 

kind which reinstates coverage after a certain amount of losses have occurred 

only if an additional premium is paid. This latter type is really a separate 

cover, rather than a form of coinsurance on the original treaty.) 

The pricing of this treaty is summarized in Appendix G. As was done in the 

previous example, an entry ratio is calculated by dividing the dollar value of 

the limited reinstatement provision ($2,800,000 in this case) by the expected 

losses in the layer prior to all forms of coinsurance. The insurance charge 

corresponding to this entry ratio (2.37% in this example) is equivalent to the 

expected percentage of losses eliminated by the limited reinstatement clause. 

Combining this quantity with the treaty's 20% proportional coinsurance 

provision yields a 21.89% overall coinsurance percentage, which is then applied 

to the expected layer loss cost prior to all coinsurance in order to obtain an 

expected loss cost and an indicated rate for the treaty. As in the previous 

example, the loading to convert the expected loss cost to a rate includes a 

provision for risk which reflects the potential volatility in treaty losses 

after the limited reinstatement is taken into account. We note that this risk 

provision is somewhat lower than that for a similar treaty with no limited 

reinstatement clause, since this type of feature (along with most other kinds 

of mechanisms which place a cap on losses) tends to reduce loss variability. 

Treaty III is an example containing a loss corridor provision. Under a loss 

corridor provision, the reinsurer pays all losses falling in the reinsured 
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layer up to a certain aggregate amount (called the lower bound of the loss 

corridor interval). Once this amount is reached the reinsurer stops paying al 

losses until the total losses in the layer exceed a second threshold amount 

(the upper bound of the loss corridor interval), after which the reinsurer 

resumes payment for all losses in the reinsured layer. The bounds of the loss 

corridor interval may be expressed in terms of dollar amounts, percentages of 

expected layer losses, or ratios to treaty premium. 

In the example presented in Appendix H, the loss corridor bounds are stated as 

percentages of expected losses in the layer. This makes the analysis extremely 

straightforward, since these percentages are directly equivalent to the 

corresponding entry ratios. It is easy to see that the difference between the 

insurance charges at the lower and upper bounds, respectively, gives the 

expected percentage of layer losses eliminated by the loss corridor provision. 

The computation of the expected layer loss cost after coinsurance and the 

indicated treaty rate is analogous to the calculations presented in the first 

two examples. One should note, however, that unlike the previous examples 

there is no definite rule concerning the proper risk load to be included in the 

factor used to convert the loss cost into a rate. This is due to the fact that 

the loss corridor provision may either reduce or increase the variability of 

layer losses, depending on both the location and the size of the eliminated 

loss interval. 

While the straightforwardness of the loss corridor analysis is not altered very 

much when the interval bounds are expressed in terms of dollars, the 
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analysis does get complicated when the bounds are stated as ratios to treaty 

premium. This is due to the fact that the treaty premium is dependent on the 

treaty rate, which should already reflect the effect of the loss corridor. It 

is clear that the solution to this problem requires an iterative procedure in 

which the algorithm presented in Appendix H is repeated until the rate used to 

compute the loss corridor bounds (expressed as percentages of expected losses) 

equals the rate indication for the treaty with the loss corridor provision. 

Having covered three common types of non-proportional loss sharing plans, we 

now turn to the analysis of accounts containing adjustable premium or 

commission plans. 

Treaty IV is an example of an account with a one-year retrospective rating 

plan. Similar to the plans encountered in primary insurance, the adjusted 

treaty rate (and hence the adjusted premium) is based on the account's actual 

loss experience during the period subject to the plan. This rate is determined 

by loading the ratio of the treaty's actual losses to subject premium by a 

multiplicative loss conversion factor and/or an additive flat margin (to 

account for the reinsurer's expenses, risk, and profit). The computed rate is 

further subject to a maximum and a minimum as specified in the treaty. The 

main goal of this analysis is to determine the expected rate to be received on 

this treaty after all retrospective adjustments have been completed. This will 

enable us to assess the adequacy of the retro plan. 
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The calculation of the expected treaty rate for this example is outlined on 

Page 3 of Appendix I. As in the analysis of primary plans, the major step in 

this calculation is the determination of the effect of the retro plan's maximum 

and minimum rate on the expected layer loss cost to be charged to the 

reinsured. This is accomplished by dividing the loss costs which are 

consistent with the maximum and minimum rates, respectively, by the expected 

layer loss cost, in order to obtain entry ratios at these two points. These 

entry ratios enable us to look up the associated excess pure premium ratios, so 

that we may compute the insurance charge at the maximum and the insurance 

savings at the minimum. The difference of these latter two quantities is the 

net insurance charge. Applying the complement of the net insurance charge to 

the expected layer cost yields the adjusted expected layer cost, which is the 

losses expected to be charged to the reinsured. This latter quantity is loaded 

with the retro plan's loss conversion factor and any flat margin in order to 

obtain the expected treaty rate after retro adjustments. We note that the net 

insurance charge in this example is negative, indicating that the premium the 

reinsurer expects to lose because of the maximum rate provision is more than 

offset by the additional premium expected to be received due to the minimum 

provision. 

In order to determine the degree of adequacy of the retro plan, the expected 

treaty rate after retro adjustments is compared to the equivalent treaty flat 

rate, which is the indicated treaty rate if the contract were flat rated. (To 

be comparable, the equivalent flat rate contains the same amount of risk load 

as that contained in the retro plan parameters.) As shown on the bottom of 

Page 3 of the appendix, the resulting ratio of 0.996 indicates a very slight 

redundancy in the retro plan. 
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Assuming that the underwriter chooses the retro plan parameters without regard 

to the degree of plan imbalance, Pages 4 and 5 of Appendix I show how the 

profit provisions built into the retro plan parameters can be adjusted to place 

the plan in balance. These pages also present examples of alternate retro 

plans which maintain the desired profit provisions but are in balance. 

Treaty V contains a three-year profit commission plan, in which the profit 

commission ratio (to treaty premium) is computed via the following formula: 

Profit Commission Ratio = 

25% x [lOO% - (Actual 3-Year Treaty Loss Ratio) 

- (20% Reinsurer's Overhead Provision)] 

Although the calculation of the expected profit commission ratio for the 

three-year period (l/1/90 - 12/31/92 in this case) may seem trivial (i.e., 

simply plug the three-year expected loss ratio into the formula), it is really 

not since a three-year loss ratio above 80% (the breakeven point) is implicitly 

capped at 80% to yield a 0% profit commission for the period. Hence, we must 

determine the effect of this capping on the expected loss ratio in order to 

estimate the expected commission. As in the previous examples, this involves 

the use of excess pure premium ratios for a lognormal distribution with an 

appropriate CV. 

Page 2 of Appendix J displays the calculation of the CV for the distribution of 
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one year's worth of aggregate losses in the reinsured layer. Since we are 

dealing with a three-year profit commission plan, we need to determine the CV 

appropriate for aggregate treaty losses for three years combined. This is 

accomplished on Page 3 of the appendix, using the formulas discussed in the 

first part of the paper and in the related appendices. In reviewing this 

exhibit, it should be assumed that the subject premium and expected layer cost 

given for 1990 are values based on ceding company projections and rating 

analyses, respectively, while the numbers shown for 1991 and 1992 are simply 

copied from 1990 since we presently do not have enough information to make 

independent projections for these years. 

The calculation of the expected profit commission is shown on Pages 4 and 5 of 

the appendix. The expected treaty loss ratio of 48% is computed by reducing 

the expected loss cost for the entire layer by the 20% proportional coinsurance 

provision and then dividing the result by the rate the underwriter plans to 

charge for the account. By relating the 80% breakeven loss ratio to the 

expected loss ratio, we obtain an entry ratio from which the corresponding net 

insurance charge (NIC) is determined. Since the net insurance charge 

represents the percentage of expected losses eliminated from the profit 

commission formula by the implicit cap at the breakeven loss ratio, the 

expected profit commission ratio can be calculated via the following formula: 
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Expected Profit Commission Ratio = 

(A) x [lOO% - ELR x (100% - NIC) - EXP], 

where (A) = The proportion of profits to be paid to reinsured 

ELR = Expected treaty loss ratio 

NIC = Net insurance charge 

EXP = Reinsurer's overhead provision 

In the Appendix J exhibits, the expected profit commission based on the formula 

above is called the "Actuarial View", while that obtained by simply plugging 

the expected loss ratio into the profit commission formula is labelled the 

"Underwriting View". Page 6 of Appendix J explores the effect that the 

difference between these two quantities has on the profit that the reinsurer 

expects to realize on the treaty, as well as presents an alternative plan whose 

expected commission from an actuarial view matches the underwriter's expected 

percentage under the original plan. 

Treaty VI contains another kind of adjustable commission provision known as a 

sliding scale plan. Like the profit commission in the previous example, the 

commission which is ultimately paid on this plan depends directly on the 

reinsured's actual experience as measured by the treaty loss ratio. The major 

difference between these two plans lies in the structure of the formula used to 

compute the adjustable commission. Whereas the profit commission formula is 

essentially a straight linear function of the treaty loss ratio (at least up to 

the breakeven point), the typical sliding scale plan is best described as a 

piecewise linear function of the loss ratio. 
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Under a typical sliding scale plan, a minimum commission ratio Cmin is paid 

if the treaty loss ratio exceeds a certain fixed value (call it L1). If the 

actual loss ratio is less than LI but greater than a second fixed value L2, 

b2 points of commission are added to fin for each point by which the 

actual loss ratio falls short of Ll. Similarly, if the actual loss ratio is 

below L2 but greater than some third value L3, the commission ratio 

corresponding to L2 is increased by b3 points for each point of difference 

between L2 and the actual treaty loss ratio. The commissions corresponding 

to actual loss ratios falling into successively lower intervals (i.e., 

ILi* Li-ll r where i = 4,..., n-l) are calculated in a similar manner as 

those for loss ratios falling in the previous two intervals. Finally, if the 

loss ratio should fall below Lnml (another fixed value specified in the 

plan), a maximum commission Cmax is paid. It should be noted that the 

hi's, which represent the commission slides on the various intervals, are 

generally less than unity. The sliding scale plan for Treaty VI (see the 

bottom of Appendix K, Page 1) is expressed in the format described above. 

Since the typical sliding scale plan involves both a minimum and maximum 

commission as well as different commission slide percentages for the various 

loss ratio intervals, it is clear that the calculation of the expected 

commission ratio under such a plan requires more than simply looking up the 

commission which corresponds to the expected loss ratio. In Appendix L, we 

derive a concise formula for computing this expected commission, which can be 

expressed verbally as follows: 
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Expected Sliding Scale Commission Ratio = 

cmax -g . b, {Expected loss ratio points in the interval Li to Li-1} 

where: Cmax is the maximum commission ratio, 

bi is the commission slide on the ith loss ratio interval 

(bl and b, are defined to be 0). 

Appendix L also shows that the above formula is equivalent to saying that the 

expected commission ratio equals the maximum commission ratio minus the 

expected points of commission lost over the entire range of possible loss 

ratios. This interpretation provides a good intuitive justification for the 

formula stated above. 

We use this formula to calculate the expected commission ratio for the one-year 

plan given in Treaty VI, the details of which are provided on Page 3 of 

Appendix K. As this exhibit shows, in order to determine the expected number 

of loss ratio points falling in each interval specified in the plan, it is 

necessary to multiply the treaty expected loss ratio by the difference between 

the insurance charges corresponding to both end points of the given interval. 

On the bottom of Page 3, we compare the expected sliding scale commission based 

on the above formula (the "Actuarial View") to that obtained by simply looking 

up the commission which corresponds to the expected loss ratio (the 

"Underwriting View"). As was done in the profit commission example, the 

remaining pages of Appendix K explore the effect that the difference between 

these two quantities has on profit provision built into the treaty rate, as 
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well as provide an alternate sliding scale plan which yields an expected 

commission equal to the underwriter's estimate under the original plan. 

The first three treaty examples presented in this section illustrate methods 

for pricing common types of non-proportional coinsurance provisions, while the 

latter three examples involve the analysis of treaties with adjustable premium 

or commission plans. We have not considered the case in which a treaty 

contains both a non-proportional coinsurance clause and an adjustable feature. 

In such a situation, we need to determine not only the effect that the 

non-proportional coinsurance clause has on expected treaty losses (which can be 

accomplished using the techniques discussed in the paper), but also the 

distribution of aggregate losses in the reinsured layer after the effect of the 

non-proportional coinsurance has been taken into account. The latter item is 

necessary in order to compute the expected impact of the adjustable premium or 

commission plan, since these plans generally operate on actual treaty 

experience after all coinsurance. 

The calculation of the aggregate distribution after non-proportional 

coinsurance can be accomplished by making direct modifications to the aggregate 

loss distribution prior to coinsurance (eg, truncate it at the aggregate 

deductible amount or censor it at the loss ratio cap). The Collective Risk 

Model would be run again to compute the needed insurance charges, assuming that 

there will be one claim with a severity distribution equal to the aggregate 

loss distribution after all forms of non-proportional coinsurance. Another 
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approach is to determine the effects that the non-proportional coinsurance 

feature has on both the occurrence count and the occurrence severity 

distributions which underlie the aggregate distribution. The adjusted count 

and severity distributions can then be combined in order to obtain an aggregate 

loss distribution which reflects the effects of the non-proportional 

coinsurance provision using either method discussed in this paper or the 

alternative recursive or simulation techniques. 

We also have not considered the time value of money in the examples presented 

above, which is a legitimate underwriting consideration in evaluating 

alternative excess-of-loss reinsurance treaty proposals. The methods used in 

this paper can be used to develop aggregate loss distributions for the lines of 

business subject to the treaty prior to all forms of non-proportional 

coinsurance. The analysis then becomes a simulation problem. One would 

simulate annual losses before coinsurance for each line, apply payout patterns 

to estimate future loss payments by line, apply the non-proportional 

coinsurance provisions, and finally discount the future treaty losses. One 

would also need to estimate when future premium or commission adjustments would 

be made and when brokerage and other reinsurance expenses (including taxes) 

would be paid. The economic value of the proposed treaty would be the 

difference between discounted reinsurance premium and the sum of the discounted 

values of all expense items. This economic value should be adjusted for risk 

considerations, possibly through the selection of the interest rates used in 

the discounting procedure.8 

8Butsic, R.P., "Determining the Proper Interest Rate for Loss Reserve 
Discounting: An Economic Approach," 1988 CAS Discussion Paper Program, p.147. 
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For the examples presented above, we compare the key item of interest (the 

adjusted rate or expected commissions) in the table below. The unadjusted rate 

is the loaded loss cost before all forms of coinsurance using the same expense 

and profit loading factor used to compute the adjusted rate. (In practice, the 

loadings for a treaty without coinsurance provisions or premium adjustments 

would generally not be considered appropriate for a treaty with such 

provisions.) 

Collective Risk Model 
Unadjusted Lognormal c=O c=.o5 c=.o5 c=.lO 

Example Rate Item of Comparison Model b=O b=.05 b=.lO b=.lO - -- 
I 5.00% Adjusted Treaty Rate 1.47% 1.58% 1.68% 1.73% 1.77% 

II 25.00 Adjusted Treaty Rate 19.53 19.89 19.72 19.55 19.52 

III 5.00 Adjusted Treaty Rate 4.02 3.67 3.71 3.74 3.73 

IV 5.00 Expected Treaty Rate 5.02 5.20 5.18 5.14 5.14 
After Retro Adjustments 

V Expected Profit 8.37 8.24 8.50 8.69 8.75 
Commission 

VI Expected Sliding Scale 31.04 30.31 30.90 31.22 31.33 
Commission 

The alternative indications for the He&man-Meyers version of the Collective 

Risk Model reflect varying levels of parameter uncertainty. The contagion 

parameter is represented by c and represents the level of parameter uncertainty 

in the estimated frequency mean. The mixing parameter is represented by b and 

represents the level of parameter uncertainty in the estimated severity mean. 

Values of zero represent no parameter uncertainty, values of -05 represent a 

moderate level of parameter uncertainty, while values of -10 represent a 

relatively high level of parameter uncertainty. Please refer to Appendix C for 
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futher technical details. The lognormal model was run under the same 

assumptions which were used to generate the Collective Risk Model results, but 

alternate scenarios were not considered in an effort to reflect parameter 

uncertainty in this procedure. 

The comparisons above suggest that the lognormal model provides a satisfactory 

approximation to the theoretically more appropriate Collective Risk Model 

results when use of the more sophisticated procedure is not warranted due to 

resource limitations. Application of the lognormal model can lead to 

significant efficiency gains in reinsurance price monitoring work and in 

pricing situations where limited information is available. 
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Canputation of Aggregate Mean and Coefficient of Variation 

(Patrik-John Version of Collective Risk Hodel)2 

Let L represent the random variable of aggregate loss to be paid on a given 

contract for a particular coverage period. 

L = L1 + L2 + . . . + LK, 

where Li represents the aggregate loss random variable for group i, i = 

1,2,...,K. 

The groupings may represent distinct groups of classes of insureds or 

coverages, similar insureds grouped by distinct policy limits, or the overall 

coverage time period split into sub-periods. 

Li = Xii + Xi2 + ... + X' lNt J 

where Ni is the random variable of the number of loss occurrences for group i 

and Xij is the random variable of loss size of the jth loss for group i, 

Let v represent the parameter vector containing all parameters necessary to 

specify the particular cumulative probability distribution functions (c.d.f.'s) 

for the Li's, Ni'S, and Xij's. 

The following three assumptions guarantee that the total coverage has been 

split into independent, homogeneous coverage groups: 

Assumption 1 Given v, the Li'S are stochastically independent. 

Assumption 2 Given V, the Xij 's are stochastically independent of the 

Ni’S. 

Assumption 3 Given v and fixed i (i.e., a particular group), the Xijts are 

stochastically independent and identically distributed. 

Let F(xlv) represent the c.d.f. of L and let Fi(XlV) represent the c.d.f. of 

Lit i = 1,2 ,..., k. 

485 



Appendix A 

Page 2 

Properties of Model with Known Parameters 

(1) F(x;v) = P(~<x;v) = Fl(x;v) * F2(x;v) *...* Fk(X;V), 

where Fi(XlV) = P(Li,<XlV) and * denotes the convolution operation. 

That is, the c.d.f. of the aggregate loss L is the convolution of the 

aggregate loss c.d.f. 's for the individual groups. 

(2) The cumulants of L given v are sums of the corresponding cumulants of the 

Li'S given V. This implies that 

(a) E(LIv) = zE(Lii v) (The means are additive.) 
L 

(b) Var(Liv) =,@ar(Lil v) (The variances are additive.) 

(3) The aggregate ;oss c.d.f. of the ith group, Fi(XlV), can be expressed 

in the form 

Fi(XlV) = tP(Ni=nfv) ‘Gi*n(XIV), 
n 

where Gi(XlV) = P(XiQXlV) is the loss amount c.d.f. for the ith 

group, and Gi *n is the convolution of the n Gi'S and represents the 

c.d.f. of the total amount of exactly n loss occurrences. 

(4) The above properties imply that 

(a) E(LilV) = E(NilV) . E(XilV) 

The mean aggregate loss for the ith group is the product of the mean 

frequency and mean severity. 

(b) Var(Lilv) = E(NifV) ' Var(Xilv) + Var(Niiv) . E(XitV)2 

The variance of the ith group's aggregate loss is the sum of the mean 

frequency times the variance of severity and the variance of frequency 

times the square of the mean severity. Substitution into the formulas in 

(2) above yields the mean and variance of the aggregate loss distribution. 
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Collective Risk Model 

We now delete the restriction that the parameter vector v is known. Assume 

that the set V of possible parameters is finite and known and that one can 

specify the subjective likelihood of each element v of V. The structure 

function U(V) is a discrete probability function which specifies the observer's 

uncertainty regarding the "best" parameter. 

The unconditional c.d.f. F(x) of the aggregate loss L has the following 

properties: 

(1) F(x) = sF(x;v) . U(v) 
V 

The c.d.f. Fi(X) of Li is computed similarly. 

(2) E(Lm) =fE(Lm;v) ' U(V) 
V 

The mth moment of Li about the origin is computed similarly. 

(3) With v unknown, assumptions (1) - (3) above may no longer hold, for the 

uncertainty regarding v may simultaneously affect the model at all levels. 

With v unknown, only the first cumulant is additive: 

E(L) = $E(Li), 

but Var(L) P zVar(Li) 
I 

Rowever Var(L) = E(L2) - E(L)2 

and E(L2) = sE(L2!v) * U (v) = ,+{Var(Liv) + E(L~v)~} * U (v) 
V V 

Var(Llv) and E(Liv) are evaluated using the formulas above for the model 

with known parameters. 

The Patrik-John version of the Collective Risk Model uses the normal power 

approximation formula to estimate percentiles of the aggregate loss 

distribution. This requires formulas for the third moment of the aggregate 

loss distribution, which are developed analogously to the second moment 

formulas presented above. 
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If the aggregate loss random variable is viewed as the product of a large 

number of independent, identically distributed random variables, the logarithm 

would then be approximately normally distributed by the Central Limit Theorem. 

(The stringent condition that the factors be identically distributed may be 

re1axed.I) This implies that the aggregate loss random variable would be 

lognormally distributed. 

The formulas in Appendix A for the model with known parameters are used to 

estimate the mean and variance of the aggregate loss distribution. It is 

assumed that the mean aggregate loss for each coverage of the excess-of-loss 

reinsurance contract has been estimated accurately using standard burning cost 

and/or exposure rating methods. A Single Parameter Pareto severity 

distribution is assumed for each coverage and is used to compute the mean and 

variance of the severity distribution (see Appendix E). The ratio of the mean 

aggregate loss to the mean severity is the mean number of loss occurrences for 

a given coverage. The variance of the excess frequency distribution is 

computed based on the assumptions and the formula developed in Appendix D. 

Thus, the mean,and variance of the frequency and severity distributions for 

each coverage are specified and used to compute the variance of the aggregate 

loss distribution for each coverage. The sum of these variances for all of the 

coverages is the variance of the aggregate loss distribution for all coverages 

combined, since we assume independence of aggregate losses for the individual 

coverages. 
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The Coefficient of Variation (CV) of the aggregate loss distribution is the 

ratio of the standard deviation LO the mean of L, based on the frequency and 

severity distributions specified by the vector of parameters v or based on 

empirical methods applied to burning cost analyses: 
I 

CV(Liv) = {Var(Llv)lz 
WL:v) 

For simpiicity, let M = E(L:v). 

The Entry Ratio r is the ratio of the attachment A to the mean aggregate loss: 

r=A 
ii 

The Excess Pure Premium (XSP) for a particular attachment A is the expected 

aggregate iosses excess of A: 

9 

XSP(A/v) = 
/ 

(L-A)dP(L;v), 

A 

where P is the c.d.f. of L, given the vector of parameters v. The Excess Pure 

Premium Ratio P2 at entry ratio r is the ratio of the corresponding Excess 

Pure Premium to the mean aggregate loss: 

P2 (rlv) = XSP(AIv) 
M 

Assume that the distribution of L is lognormal, given frequency and severity 

distributions specified by the vector of parameters v. If the parameters of 

this lognormal distribution are/yand u2, then 
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The first moment distribution PI is also lognormally distributed, but with 

parameters ,41+~ and 02. PI is defined by 

4 
Pl(rfv) =L 

/ 
L'dP(L;v) 

M 0 

The first moment distribution represents the percentage of total aggregate 

losses corresponding to coverage periods where the aggregate loss is less than 

the entry ratio times expected losses. The Excess Pure Premium Ratio can be 

computed using 

P2(riv) = {l-P,(rlv))-r{l-P(rfv)] 

Given that M and CV have been estimated as described above, the parameters of 

the assumed lognormal aggregate loss distribution can be estimated from 

formulas (1) and (2) above: 

dz = loge(l+CV2) 

/u= logeM - a 2 
2 
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AS noted above, PI is also lognormally distributed with parameters 

/cr'= /cr+ & and &-. The vector of parameters v determine M and CV 

through the formulas previously presented. While the Excess Pure Premium is a 

function of both M and CV, the Excess Pure Premium Ratio is solely a function 

of the CV. Thus, the Excess Pure Premium Ratios are computed using 

P2(riCV) = {l-Pl(rfCV)}-r{l-P(riCV)) 

This fonnuia was used to compute values for the expanded version of Mr. 

Finger's famous table which is displayed on Pages 5-7 of this Appendix. 

The Excess Pure Premium for attachment A is given by 

XSP(AiM,CV) = M * P2 (r;CV), where r = & 
M 

Parameter uncertainty may be reflected using the method described under the 

Collective Risk Model Section of Appendix A. For each eiement v of V, compute 

M and CV. Since U(v) = LJ(M,CV), the unconditional Excess Pure Premium for 

attachment A may be computed using 

XSP(A) = XSP(A;M,CV)BU(M,CV) 
A LV 

For the sake of simplicity, we assign a probability of one to our most likely 

scenario for the examples in this paper. 
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Entry 
Ratio 
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The Coefficient of Variation is the ratio of the standard deviation to the mean 
of the assumed Lognormal distribution. The Entry Ratio is the ratio of the 
attachment to the mean. The Excess Pure Premium Ratios are ratios of excess 
pure premiums to the mean (i.e., ratios of expected excess losses to the total 
expected loss). 
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Ratio 
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The Coefficient of Variation is the ratio of the standard deviation to the mean 
of the assumed Lognormal distribution. The Entry Ratio is the ratio of the 
attachment to the mean. The Excess Pure Premium Ratios are ratios of excess 
pure premiums to the mean (i.e., ratios of expected excess losses to the total 
expected loss). 
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The Coefficient of Variation is the ratio of the standard deviation to the mean 
of the assumed Lognormal distribution. The Entry Ratio is the ratio of the 
attachment to the mean. The Excess Pure Premium Ratios are ratios of excess 
pure premiums to the mean (i.e., ratios of expected excess losses to the total 
expected loss). 
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Heck-Meyers Version of Collective Risk Model * 

We use the same notation as presented in Appendix A. Let Ni represent the 

number of loss occurrences for group i and let mi represent the unconditional 

mean number of occurrences, 

mi= E(Ni) 

Let C represent a random variable with E(C) = 1 and Var (C) = c. In this 

paper, C is assumed to be Gamma distributed. The parameter c is used to model 

parameter uncertainty in the frequency mean and is called the contagion 

parameter. Let Xij represent the loss size of the jth loss for group i. 

Li is the aggregate loss of the ith group: 

Li = Xi1 + Xi2 + ... + XiNt 

Parameter uncertainty in the severity mean is modelled through a random 

variable B with E(l/B) = 1 and Var(l/B) = b. B is assumed to be Gamma 

distributed so l/B is Inverse Gma distributed. The parameter b is called the 

mixing parameter. 

The Algorithm 

(1) Select C at random from the assumed distribution. 

(2) Select the number of loss occurrences Ni at random from a Poisson 

distribution with mean C*mi. 

(3) Select B at random from the assumed distribution. 

(4) Select the loss occurrence amounts Xilr Xi2, . . . , XiN.at random 
c 

from the assumed occurrence severity distribution. 

(5) Compute the aggregate loss Li as the sum of all loss occurrence amounts 

divided by the scaling parameter B. 
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Since C is assumed to be Gamma distributed, the frequency distribution 

generated by the above algorithm will be Negative Binomial. If the conditions 

in Appendix D are satisfied, the excess frequency distribution for each group 

will be approximately Poisson, and the excess frequency distribution for all 

groups combined will also be approximately Poisson due to the independence 

assumptions. The Negative Binomial frequency distribution is used to model 

uncertainty in the mean frequencies. 

It is assumed that the shape of the severity distribution is known, and so the 

mixing parameter b models uncertainty in the severity means for the various 

groups. If uncertainty exists concerning the shape of the severity 

distribution, the approach to parameter uncertainty discussed in Appendix A may 

be applied through assignment of subjective probabilities to alternative 

scenarios concerning the shape parameter. In this paper, we assume a Single 

Parameter Pareto severity distribution, as discussed in Appendix E. 

The examples in this paper are evaluated for the following combinations of b 

and c: b = c = 0, b = c = .05, b = .lO and c = .OS, and b = c = .lO. These 

combinations represent no parameter uncertainty, moderate parameter 

uncertainty, relatively high uncertainty concerning the mean severity but 

moderate uncertainty concerning the mean frequency, and relatively high 

parameter uncertainty. 

Although many other combinations may be appropriate for particular 

circumstances, these values will be used in this paper to illustrate the impact 

of modelling parameter uncertainty. 

The reader may presume that a simulation is performed by running the above 
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algorithm a sufficiently large number of times for each group to generate an 

accurate estimate of its aggregate loss distribution. Once aggregate loss 

distributions for each group are obtained in this manner, the aggregate loss 

distributions for all groups combined can be estimated by conducting a second 

simulation as follows: 

(1) For group i, select Li at random from the aggregate loss distribution 

already estimated. 

(2) Compute the aggregate loss L for all groups combined by summing the Li's, 

i=1,2,...,k. 

This second simulation is performed a sufficiently large number of times to 

generate an accurate estimate of the aggregate loss distribution for all 

groups combined. (Note that aggregate limits or deductibles may be applied 

to individual groups before the second simulation is performed.) 

Instead of performing the above simulations, the He&man-Meyers algorithm 

computes the aggregate loss distribution directly through application of the 

characteristic function method briefly summarized in this paper. The reader is 

referred to the paper and to the excellent review by Gary Venter for technical 

details.4 The alternate recursive method which is discussed in Mr. Venter's 

review and in his recent CAS Forum contribution' is simpler and in some 

circumstances more accurate,' but in other circumstances it is less efficient 

than the characteristic function method and requires the structure function 

method discussed in Appendix A to model parameter uncertainty. A sample run of 

the model is presented on Page 4. 

'Venter, G.G., "Easier Algorithms for Aggregate Excess," CAS Forum, Fall 
1989 Edition, p.19. 
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Expected 
Line Loss 

1 359995 
2 90033 

Mixing parameter 
Aggregate mean 
Aggregate std dev 

ioiieccave Risk Model Treaty SV 

Claim Severity Contagion Claim Count Claim Count 
Distribution Parameter Mean Std Dev 

classl.sev o.o5oo=c, 5.154 2.546 
class2.sev o.0500~cz 1.343 1.197 

o.1ooozb 

450028 
297472 

Aggregate 
Loss Amount 

Entry Cumulative Excess Pure Excess Pure 
Ratio Probability Premium Premium Ratio 

0.00 0.0000 0.0015 450028.21 
90005.64 0.2000 0.0572 362454.04 

180011.28 0.4000 0.1577 281663.70 
270016.93 0.6000 0.2988 212038.72 
360022.57 0.8000 0.4477 155661.12 
450028.21 1.0000 0.5832 112206.06 
540033.85 1.2000 0.6949 79912.14 
630039.49 1.4000 0.7811 56513.45 
720045.14 1.6000 0.8450 39840.27 
810050.78 1.8000 0.8911 28079.72 
900056.42 2.0000 0.9237 19828.73 
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Line Loss 
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2 90033 
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Aggregate mean 
Aggregate std dev 

Claim Severity Contagion 
Distribution Parameter 

classl.sev 0.1000=c, 
class2.sev 0.1000 =c* 
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450028 
309940 

Aggregate Entry Cumulative Excess Pure Excess Pure 
Loss Amount Ratio Probability Premium Premium Ratio 

0.00 0.0000 0.0023 
90005.64 0.2000 0.0667 

180011.28 0.4000 0.1716 
270016.93 0.6000 0.3120 
360022.57 0.8000 0.4562 
450028.21 1.0000 0.5861 
540033.85 1.2000 0.6933 
630039.49 1.4000 0.7767 
720045.14 1.6000 0.8392 
810050.78 1.8000 0.8850 
900056.43 2.0000 0.9180 

450028.21 1.0000 
363013.42 0.8066 
283301.51 0.6295 
214944.81 0.4776 
159564.03 0.3546' 
116620.91 0.2591 

84374.46 0.1875 
60690.76 0.1349 
43547.09 0.0968 
31246.92 0.0694 
22462.93 0.0499 
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DERI'JZ4TION OF EXCJZSS OCCURREN c!EzaxJNT VARIANCE To WEAN RATIO 

In this Appendix, we show that if the conditions for the ground-up 

occurrence count distribution to be Negative Binomial are satisfied, then 

the excess occurrence count distribution for an insured selected at random 

will be Negative Binomial. Based on this result, we derive the formula for 

calculating the excess occurrence count variance-to-mean ratio for an 

individual insured selected at random and show that this formula also 

applies to the class as a whole. This latter result is then used to 

demonstrate that if the proportion of occurrences exceeding the retention 

is small, then the excess occurrence count distribution for the class as a 

whole will be approximately Poisson. (Our proof is a direct application of 

the Gamma-Poisson model frequently encountered in the actuarial 

literature. We understand that these results have previously been 

established elsewhere, and note that Joseph Schumi has established these 

results using recursive relationships. 3, 

Assume (1) An individual policy's distribution of ground-up occurrence 

counts over a given period of time is Poisson with parameter xi. 

(2) The policies in the given class are of identical size. 

(3) The distribution of the individual policy expected occurrence 

counts (ie, the Ai's) over the class is Gamma with parameters 

a,r. 

(4) The probability of a given occurrence being an excess occurrence 

(ie, the probability that it exceeds a fixed retention R) is p. 

This probability is applicable to all policies. 
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Given (1) and (3) above, we know that the distribution of the observed 

ground-up occurrence counts for an individual policy selected at random is 

Negative Binomial with a mean&G =$ and variance 6:= 

d This implies a variance-to-mean ratio VMRG = A= - 

MG 
ci 4' 

Assuming that we know VMRG (from the IS0 Increased Limits Reviews or 

eisewhere), we can easily solve for a. 

It follows from the assumptions of a Poisson process that if an individual 

policy's distribution of ground-up occurrence counts is Poisson with 

parameter Ai, then the distribution of excess occurrence counts (claims above 

R) for the individual policy is also Poisson but with parameter p 4 .2 A* 

The Gamma Distribution has the property that if x has the distribution r a,r, 

then p A has a ra/p,r.II Hence, the distribution of the individual policy 

expected excess occurrence counts over the class is r a/p,r. 

Thus, the distribution of observed excess occurrence counts for an individual 

policy selected at random from the class of policies is Negative Binomial with 

a mean& = $-r Fand variance 6:= [.& I”‘\;;]=F[i++J, 

------------------------ 

l'Dropkin, L-B., "Some Considerations on Automobile Rating Systems 
Utilizing Individual Driving Records," PCAS XLVI, (1959), p.171. 

IIHewitt, C.C., "Loss Ratio Distribution - A Model," PCAS LIV, (1967), 
p.76. 
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This implies a variance-to-mean ratio VMRR = - 

which we can calculate since we already know a. Note that since p<l, 

WE'vMRG* 

One can think of the group of policies covered by a particular excess 

reinsurance treaty as a statistical sample taken from the theoretically 

infinite population of all insureds belonging to the particular class-l* 

Assuming that the sample is taken at random, the policies selected are 

independent of each other. From the above, each policy's excess occurrence 

count distribution has mean kE and variancedi. Given that n policies from 

the particular class are covered by the reinsurance treaty, the expected number 

of occurrences subject to the excess treaty is 0,& and the variance of the 

2 number of occurrences subject to the treaty is m6~ . This implies a 
n6,2 

variance-to-mean ratio of - = 6: 
n&f Me 

= VMRR for the total 

number of occurrences subject to the treaty. Thus, the excess occurrence count 

variance-to-mean ratio for the entire group of policies covered by the 

reinsurance treaty equals the excess occurrence count variance-to-mean ratio 

for an individual policy selected at random from the class. 

l*Lange, J.T., "Implications of Sampling Theory for Package Policy 
Ratemaking," PCAS LIII, (1966), p.286-287. 
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Given that we know VMR,-, a simple formula for calculating VMRS can be 

easily derived using the following two relationships (which were proven above): 

(1) VMRG = 1 +$ 

e (2)W$=l+ a 

Solving equation (1) for a, we get 

(3) a = 1 

T-1 

Substituting expression (3) into (2), we get 

vMRE = 1 + = 1 + p (VMRG-1) = (l-p) + pvMRG p 

1 

c I VMf&- 1 

Based on the above formula, if WG is two or three, as in the IS0 Increased 

Limits reviews, and p is small (say less than .02), VMRE will be close to 

unity. This implies that the excess occurrence count distribution for an 

insured selected at random and for the class as a whole will be approximately 

Poisson. 
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Single Parameter Pareto Severity Distribution 6 

General Properties of Model 

Assume ground-up loss occurrences above the truncation point k are distributed 

according to the following cumulative distribution function: 

F(w) = l- i q 0 
k>O, q>O, w&k 

We %ormalize" losses by setting x = w/k: 

F(x) = l-x-q 

and the density function is 

f(x) = q x -(q+l) 

Note that 

F(w) = l- 
(&=dq 

Let y = w-k represent the occurrence size excess of the attachment k. Then 

F(y) = l- 
t K$Y 1"' 

where y>, 0 

Thus, occurrence losses excess of the attachment k are distributed according to 

the two parameter Shifted Pareto distribution, with scale parameter equal to 

the attachment and shape parameter equal to q. 

Assume ground-up loss occurrences are censored at an upper limit equal to 

k-b. Then 

F(Y) = I-( E+y )q if q(y<k(b-1) 

and F(y) = 1 if y>, k(b-1) 
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The mean excess occurrence is given by 

E(y) = k(bl-q-1) if q # 1 
1-q 

and E(y) = k * log,b if q=l. 

The variance of the excess occurrences is given by 

Va;!yl = q-&!-q - (g-bl-q)2 ifq#l,q#2 
q-2 q-1 

Var(,y) = 2b-1-(l+logeb)2 ifq=l 
k‘ 

Maximum Likelihood Estimation of q 

Assume we wish to compute the Maximum Likelihood Estimator (FILE) of q by 

fitting n loss occurrences above the truncation point k, Wl, W2, . . . . 

W n* Let Xi represent the normalized losses, Xi = Wi/k. Assume mj 

occurrences have been censored at limit Cj and let bj = Cj/k, j=1,2,...s. 
S 

Let u=n- 2 mj represent the number of uncensored occurrences. Then the MLE 
J:’ 

of q is given by 

^s= u 

TlOgeXi + 2 mj 'l"gebj 
i=1 J=l 

If no occurrences have been censored, the MLE of q is 

t= n 
1 
2 l"gexi 
i--t 
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If some occurrences have been censored, the losses need not be trended if the 

truncation point is sufficiently large, but q should be estimated separately 

for each year and a weighted average q should be calculated. If q is to be 

estimated by pooling the losses, they need to be adjusted by trend if some of 

the losses have been censored. If cases are developing, q should be estimated 

for each accident year or policy year at each evaluation and a triangulation 

approach should be used to project the ultimate estimate of q for losses excess 

of the truncation point used for the particular class of business. 

Leveraqed Impact of Inflation 

Let m represent the number of loss occurrences above retention k at time 0, and 

assume the annual loss inflation factor between time 0 time n is l+i. Based on 

the SPP distribution with parameter q, the projected number of loss occurrences 

excess of retention k at time n is 

m (l+i)"q 

As long as inflation doesn't erode the real value of a retention to the point 

that the SPP distribution is no longer a satisfactory model above the 

retention, the parameter q and the average occurrence size in the layer of 

interest will remain constant over time. The leveraged impact of inflation 

over a fixed retention will be felt through the application of the adjustment 

factor 

(l+i)"q 

to excess occurrence frequency. Thus, this factor may be thought of as 

measuring the leveraged impact of inflation above a fixed retention. 
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Chanae in Layer 

Assume that one has credibly estimated expected losses in the layer from a to b 

and wishes to estimate expected losses in the layer from c to d, where the SPP 

distribution with parameter q is appropriate above the lower of the two 

retentions. The change in expected losses due to the change in reinsurance 

layer is given by 

Change in Layer = cl-q-dlWq if q 31 
al-q-bl-q 

Change in Layer = loqo(d/c) if q=l 
log,(b/a) 

(The layer limits need not be normalized in the above formulas.) The Change in 

Layer factor is applied to expected losses in the layer from a to b to estimate 

expected losses in the layer from c to d. 
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Treaty I 

Smmmry of Key Contract Provisions 

Treaty Period: 1/I/90 - 12/31/90 

Layer Reinsured: $160,000 in excess of $40,000 per occurrence 

Estimated Treaty'Subject Premium: $12,000,000 for 1990, 

distributed as follows: 

Class 1 - $9,000,000 

Class 2 - 3,000,OOO 

Expected Layer Loss Costs for the Entire Layer, Prior to All Forms of 

Coinsurance (Expressed as a Percent of Subject Premium): 

Class 1 - 4.00% 

Class 2 - 3.00% 

Both Classes Combined - 3.75% 

Loading to Convert Expected Layer Loss Cost After All Forms of Coinsurance 

into a Rate: 100/75 

Proportional Coinsurance: None 

Non-Proportional Coinsurance: Aggregate Deductible Equal 

to 3% of Subject Premium 
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-------------- CLASS “i B”$Iwgss --____________. 
CLASS 1 CLASS 2 CLASS 3 CLASS 4 ALL CLASS:9 

XAKKS OF IKDIVIDUAL CLASSKS 01 SUSIKKSS =) CLASS 1 CLASS 2 COKBINED 

ill AC2011 OR KSTIKATBD SURJKCT PRKKIUK ?OR TRKATY PKRIOD 9.QOO.000 3.000.000 
--------------------____________________-------- 

ill KXPKCTBD LAYKR LOSS COST POR KITIRK LAYKR PRIOR TO 4.QQQOt 3.00001 
ApPLICA7IOK OF ALL FORKS 01 COIKSURAYCK ILAYKR BURIIIYG ------------------------------------------------ 
COW IKXPRKSSKD AS A PKRCKKT OF SUKJBCT PXKKIUKI 

i3l KXPKCTKD LOSSKS POR KKTIRK RKIXSURKD LAYKR POR 
TRKATY PKRIOD llli’l2ll 

160.000 90.000 0 0 

141 PARK70 Q-VALUKS PCR SKVKRITY D1S7RIKU~i0XS 0.900 0.950 
________________________________________-------- 

Ill KKAK CLAIK SIZK II LAYKR IKXCKSS Of RK7KKTIOWl 69.848 61.039 
IKASKD OR TKK SKLKC7KD PARK70 Ql (MS) 

I61 STAXDARD DKVIATIOK 01 KXCXSS CLAIK SIZKS 111 LAYKR 60.908 60.084 
IJASKD 01 TUB SKLKCTKD PARKTO 01 

(4 

171 KXPKC7KD UUKKKR 01 CLAMS 111 LAYKR PRIOR 70 TUB 5.154 1.341 
APPLICATIOK OF ROK-PROPORTIOKAL LOSS SKARIKG PROVISIOKS (fi,) 

1(3V(5)] 
181 KXCBSS CLAIK COUKT VARIAACK 10 KKAK RATIO 1.032 1.067 

PRIOR 70 APPLICATIOW OF ROR-PROPORTIOKAL .____.__________________________________------ 
Loss SKARIKC PROVISIONS (VMR,) 

11.00c.000 

!.7500\ 

450.000 

69.267 

60.749 

6.497 

:.015 

191 STAKDARD DKVIATION 01 DISTRIKUTIOK OF AGGRKGAlE LOSSKS 211.298 106.228 0 
[+A~ (tic.VflRc) &-j” 

0 237.191 
11 LAW + 

ilO1 COKPPICIKRT Op VARIAlIOl 01 DISTRIKUTIOR 
Of AGGRKGATK LOSSKS IR LAYKR c(9)/(3)] 0.590 1.180 0.m 

ill1 SXLKCTKD PARAKKTKRS KKKDKD 'PO SPXCIPY AGGRKGATK LOSS DISTRIKU7IOR FOR ALL CLASSES COKKIXKD 
(AI KXPKCTKD MJKBKR OF CLAIKS 6.500 I81 COXpFICKI1 OF VARIATION POR 0.528 

____________ AGGRKGATK LOSS DISTRIKUTIOR ___________. 
ICi TKCKKIQUK USKD TO OSTAIW AGGRKGA’IK DISTRIKUTIOW LOGKORKAL ASSUKP7ION 

IKC. COLLKCTIVK RISK 110091. tOGKOR%At ASSUIPTIORI ------------------------------------ 
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(1) ACTUAL OR BSTIUTBD SUBJECT PRBKIUB FOR TRBATY PERIOD 12,ooo.ooo 

l2t BXPBCTBS LAYBR LOSS COST FOR BBTIRB LAYBR PRIOR TO PEB 
APPLICATIOB OF ALL COIHSURABCB iLAYBR BURNING COST) 
(BXPRBSSBD AS A PBRCBHT O? SUBJBCT PRBMItMI 

3.75oot 

131 COIBSURABCB PBRCBHTAGB ICBDANT'S PARTICIPATION IN 0.00% 
LAYBR LOSSES UOT CORRBSPOBDING TO 111 KXPLICIT SBARB OF ------------ 
TUB RBIBSURABCB PRBHIU%, BXCLUDIBG TUB PRBSUKBD EFFECT 
OF TEE AGGREGATE DBDUCTIBLB.1 

141 LOADIBG TO COBVBRT BXPBCTBD LAYBR LOSS COST AFTER ALL 1.333 t 100~ 
FORIIS OF COIIISURANCB IBTO A LOADED RUB (BXPRBSSBD AS A ------------ 
WJLTIPLICATIPB FACTOR TO BE APPLIBD TO TUB EXPECTED LAYER LOSS COST) 

I51 EXPECTED DOLLARS OF LOSS FOR BNTIRB LAYER PRIOR TO 450,000 
ALL COIISURABCB [(11*12ll 

161 AGGRBGATB DBDUCTIBLB AIIOUBT Ill DOLLARS APPLICABLB TO 360,000 
TEE llITIRB LAYER [3”/. x I~,oOU,~o~-j ----_---_--- 

I71 Bll?RY RATIO CORRBSPOBDIBG TO AGGREGATB DBDUCTIELB 0.800 
AHOUBT [161/(511 

I81 INSURABCB CHARGE AT BETRY BAT10 CORRBSPONDING TO 29.33% 
AGGRBGATB DBDUCTIBLB AKOUNT ______---_-- 

191 BXPBCTBD PBRCBUTAGB OF TREATY LOSSES BLIllINATBD BY 70.674 
AGGRBGATB DEDUCTIBLE [loot-i8t] 

1101 COHFOSITB COIOSURMCB PBRCBBTAGB 70.6fS 
loot-l(loot-c3~]*lloot-(9~lI 

(111 BXPBCTBD LAYBR LOSS COST FOR BRTIRB RBIBSURBD PORTIOK 
OF LAYER, AFTBR APPLICATION OF AGGRBGATE DEDUCTIBLE 
(BXPRBSSBD AS A PBRCBNTAGB OF SUBJBCT PRBHIUKl 
121*1100t-l10l1 

1.0998% 

1121 IBDICATBD TRBA!Y RATE AFTER TEE APPLICATION OF 1.4664t 
AGGRBGATB DBDUCTISLB ARD ARY PROPORTIONAL COINSURANCE 
BXPRRSSBD AS A PBRCBBT OF SUBJECT PRBKIUIII (14)*(11)] 

509 



Appendix G 

Page 1 

Treaty II 

.Smmnery of Key Contract Provisions 

Treaty Period: l/1/90 - 12/31/90 

Layer Reinsured: $700,000 in excess of $300,000 per occurrence 

Estimated Treaty Subject Premium: $6,000,000 for 1990, 

distributed as follows: 

Class 1 - $2,000,000 

Class 2 - $2,000,000 

Class 3 - $2,000,000 

Expected Layer Loss Costs for the Entire Layer, Prior to All Forms of 

Coinsureme (JZxpressed as a Percent of Subject Premium): 

Class 1 - 10.0% 

Class 2 - 14.0% 

Class 3 - 21.0% 

All Classes Combined - 15.0% 

Loading to Convert Kxpected Layer Loss Cost After All Forms of Coinsurance 

into a Rate: 100/60 

Proportional Coinsurance: 20% 

Non-Proprtional Coinsurance: Three (3) full free reinstatements permitted 

under treaty. 

510 



DBTBRHINATI0H OF AGGREGATE LOSS DISTRIBUTION SPBCIPICATION 
PARAMETERS FOR ROR-PROPORTIONAL LOSS SEARING PLAN 

Appendix G 
Page 2 

-----------mow C-ASS OF n”SINBSS --_-----------_ 

CLASS 1 CLASS 2 CLASS 3 CLASS C ALL CLASSBS 
HARKS OF IRDIVIDUAL CLASSES OF BQSIRRSS -=) CLASS 1 CLASS 2 CLASS 3 COWRINBD 

ill ACTUAL Oi BSTIIIATKD SUBJECT PRBKIUK FOR ?RBAtY PERIOD 

12) BXPBCTBD LAYER LOSS COST FOR BITIRE LAYBR PRIOR TO 
APPLICATION OF ALL FORKS OF COIllSWANCB ILAPBR BURNING 
COSTI IBXPRBSSBD AS A PERCENT OF SUSJBCY PRBLlIUHl 

131 BXPBCTBD LOSSES FOR BHTIRB RBIIISURBD LAYBR FOR 
TREATY PERIOD [!1)*121] 

14) PARETO D-?ALUBS FOR SEVERITY DISTRIBUTIONS 

(51 LIEAl CLAM SIZE IN LAYER MXCESS OF RBTBNTIOXl 
IBASBD 01 TN1 SBLBCTRD PARSTO Q) (&) 

(61 STANDARD DEVIATION OF BXCBSS CLAIN SIZES IP LAYER 
lBASBD Oil 7RB SBLBCTRD PARETO Qt 

la;) 

171 BXPBCTBD EIRIBBR OF CLAMS IN LAYBR PRIOR TO TUB 

1.000,000 2.000,000 2.000.000 
-_____-_----__--___---------------------------~- 

10.0000t 14.0000% 21.0000l 
________-_--________---------------------------- 

6,OOO.OOO 

15.00001 

200,000 280,000 410,000 0 900,000 

1.500 1.300 1.100 
--__--------__-_-------------------------------- 

271,366 303,155 340,296 

246,592 257,600 266.584 

310.897 

260,265 

,- $737 0.924 1.234 2.895 
F RON-PROPORTIONAL LOSS SUARIHG PROVISIONS (,&I 

181 EXCESS CLAIH COUNT VARIANCB TO KBAN RATIO 1.006 1.009 1.019 
PRIOR TO APPLICATIOR OF NON-PROPORTIONAL ------------_------------------------------ 
LOSS SRARIRG PROVISIOHS WMRJ 1.012 

191 STAIDARD DBVIATION OF DISTRISUTION OF AGGREGATE LOSSBS 315,301 383.323 483,065 0 692,606 
IN LAYRR b&UC + (&A’MR&&‘~ 

(101 COKFFICIBNT OF VARIATION OF DISTRIBUTION 
OF AGGRBGATB LOSSBS IN LAYER r(9)/(3)] 1.577 i.369 1.150 0.770 

(Ill SBLBCTBD PARAHBTBRS UBBDBD TO SPKCIFY AGGRKGATB LOSS DISTRIBUTION FOR ALL CLASSES COKSINBD 
IAl EXPECTED WJNBBR OF CLAIKS 2.900 IBI COBFPICBNT OF VARIATION FOR 0.770 

------__---- AGGRBGATB LOSS DISTRIBUTION _______----_ 
ICI TBCENIQUB USBD TO OBTAIN AGGRBGATB DISTRIB’JTION LOGPORlAL ASSUEPTION 

IBG, COLLBCTIYB RISK WODSL, LOGlIORllAL ASSUIPTIOII~ ____________________________________ 
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------_-----_--_--_------------------- 
(1) ACTUAL OR KSTILlATBD SUBJKCT PRKlIUK FOR TRKATY PERIOD 6,000,000 

121 IXPBCTID LAYER LOSS COST FOR BlTIRB LAYER PRIOR TO TEE 15.0000% 
APPLICATIOH OF ALL COIW'RANCE ILAYER BURNING COST1 
IXXPRBSSBD AS A PBRCBRTAGE OF SUBJKCT PREUIUKI 

131 COIBSURANCE PBRCERTAGE ICEDANT'S PARTICIPATION IN 20.00% 
LAYKR LOSSES ROT CORRESPOBDING TO AN EXPLICIT SBARE OF ------------ 
TUE REINSURARCE PRENIUW, EXCLUDING TRE PRESUHED EFFECT 
OF TEE LOSS RATIO CAP OR LIWITED REINSTATEHERT PROVISION1 

I41 EXPECTED DOLLARS OF LOSS FOR THE ENTIRE LAYER PRIOR TO 
TBE APPLICATIOA OF ALL COIRSURARCE [(l)'llll 

900.000 

151 LOADIIIG TO COBVERT EXPECTED LAYER LOSS COST AFTER ALL 1.667 = 100/&O 
FORMS OF COIASURAACE IUTO A LOADED RATE lEXPRESSED AS A ------------ 
NULTIPLICATIVE FACTOR TO BE APPLIED TO TBE EXPECTED LAYER LOSS COST) 

COMPLETE ITEW 161 IF TRE TREATY LOSS RATIO CAP IS EXPRESSED AS A PERCSNT 
OF TREATY EXPECTED LOSSES, OR ITKK 171 IF TEE TREATY LOSS RATIO CAP IS 
EXPRESSED III TERM OF LIKITED RKINSTATEHENTS. TEEN BIT TRE F9 KEY. 

161 TREATY LOSS RATIO CAP IEXPRBSSBD AS A PERCENT OF TEE 
EXPECTED LOSSES FOR TBE TREATY PRIOR TO TEE APPLICATIOR ------------ 
OF TEE CAPI 

171 IA1 RUIIBER OF FREE REIRSTATEHERTS ALLOllED WIDER TREATY 3 
------------ 

18) LAYER RETEITIDW 300.000 
ICI LAYER GROSS LIMIT 1,000,000 
ID) LAYER iiIDTE [l7C,-l?B,] 700,000 
IE) EFFECTIVE AGGREGATE LIMIT FOR TBE BETIRK LAYER PRIOR t,SOO,OOO 

TO ALL COIRSURAACK IEXPRESSED IN DOLLARS1 
[l+l7Al]'l7D1 

IF) EFFECTIVE TREATY LOSS RATIO CAP (EXPRESSED AS A 
PERCERT OF TREATY EXPECTED LOSSES1 [17E)/14)] 

Ill EUTRY RATIO CORRESPORDIRG TO TREATY LOSS RATIO CAP 
116) OR (IFI, EXPRESSED AS A DKCIllAL] 

311.118 

3.111 

I91 IESQRARCE CHARGE AT BNTRY RATIO CORRESPONDING TO 2.37% 
TREATY LOSS RATIO CAP. ITBIS PERCENTAGB IS EQUIVALENT ------------ 
TO TEE EXPECTED PERCERTAGE OF TREATY LOSSES ELIKIRATED 
BY WE LOSS RATIO CAP OR LIKITED RBINSTATEWENT PROVISION.) 

1101 CONPOSITE COIASURAUCE PERCENTAGK 
1001-1[100t-131)'[1005-~9l]l 

21.89% 

1111 EXPECTED LAYER COST FOR TEE ERTIRE REINSURED PORTION 11.7161% 
OF LAYER, AFTER TEE APPLICATION OF TEE LOSS RATIO CAP 
OR LIKITED REINSTATEHENT PROVISION IEXPRBSSED AS A 
PERCEAT OF SUBJECT PRENIUIO I21'[100b-1101j 

(121 IRDICATHD TREATY RATE AFTER TEE APPLICATION OP 19.52685 
LOSS RATIO CAPSlLIHITED REIRSTATEKERTS AND ANY 
PROPORTIORAL COIESURANCE IEXPRESSED AS A PBRCENTACE 
OF SUBJECT PREIIIULO 115)'lll~l 
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Treaty III 

Sumnary of Key Contract Provisions 

Treaty Period: l/1/90 - 12/31/90 

Layer Reinsured: $400,000 in excess of $100,000 per occurrence 

Estimated Treaty Subject Premium: $10,000,000 as follows: 

distributed as follows: 

Class 1 - $4,500,000 

Class 2 - $4,500,000 

Class 3 - $l,OOO,OOO 

Expected Layer Loss Costs for the Entire Layer, Prior to All Forms of 

CM.nsurance (Expressed as a Percent of Subject Premium): 

Class 1 - 3.20% 

Class 2 - 3.80% 

Class 3 - 3.50% 

All Classes Combined - 3.50% 

Loading to Convert Kxpected Layer Loss Cost After All Forms of Coinsurance 

into a Rate: 100/70 

Proportional Coinsurance: None 

Non-Proportional Coinsurance: Loss Corridor - Reinsurer stops paying losses 

which fall in the reinsured layer when the ratio of actual losses in the layer 

to expected losses in the layer reaches lOO%, but he resumes full payment of 

losses in the layer if this ratio goes above 200%. 
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______________ CLASS OF BI[SINESS _______________ 

CLASS 1 CLASS 2 CLASS 3 CLASS 4 ALL CLASSES 
BAMES OF IBDIVIDUAL CLASSES OF BUSINESS ==) CLASS 1 CLASS 2 CLASS 3 CONBIRED 

________________________________________---------------------- 
111 

(21 

(31 

Ial 

151 

161 

171 

181 

19) 

ACTUAL OR ESTINATED SUBJECT PREiIUH FOR TREATY PERIOD 4,500.000 4,500.000 1,ooo.ooo 
------------------------------------------------ 

EXPECTED LAYER LOSS COST FOR ERTIRX LAYER PRIOR TO 3.20005 3.8000% 3.5000$ 
APPLICATIOII OF ALL FORM OF COIASURANCE ILAYER BURNIRG ------------------------------------------------ 
COST) lEXPRESSbD AS A PERCERT OF SUBJECT PRENIUIO 

EXPECTED LOSSES FOR ENTIRE REIRSURED LAYER FOR 144,000 171.000 35,000 0 
TRKATY PERIOD [~llriZl] 

PARSTO Q-VALUES FOR SEVBRITY DISTRIBUTIOHS 1.000 1.250 1.050 
-_--_--_--------------------------------------- 

KKAli CLAIK SIZE Iii LAYER (EXCESS OF RETEliTIONl 160.944 132,504 154,638 
IBASSD OU TEE SELECTED PARETO Ql (4) 

STAliDARD DEVIATIOl OF EXCESS CLAIM SIZES II LAYER 148.015 135.796 145.709 
IBASED on TEE SELECTED PARETO vi 

b-s) 

EXPECTED MIWBER OF CLAIIIS 11 LAYKR PRIOR TO TEE 0.895 
APPLICATION OF nOI-PROPORTIOUAL LOSS HIRING PROVISIONS (&) 

C~3)/~S)l 

1.291 0.226 2.412 

EXCESS CLAM COURT VARIARCE TO lEAW RATIO IRPUT ==) 1.012 1.024 1.029 
PRIOR TO APPLICATION OF BOI-PROPORTIONAL DIRECTLY ---------------_----____________________-------- 
LOSS SEARING PROVISIOUS f VMRJ 1.020 

STAXDARD DEVIATION OF DISTRIBUTIOR OF AGCRECATE LOSSES 207,499 216,795 101,856 0 
Ili LAYER 

(101 COEPFICIEtiT OF VARIATION OF DISTRIBUTION 
OF AGGREGATE LOSSES IN LAYER ~(~)/(3\] 1.441 1.268 2.910 

L0.000.000 

3.5ooot 

350,000 

145.133 

142.041 

316,906 

0.905 

1111 SELECTED PARAlIETEPS REEDED TO SPECIFY AGGREGATE LOSS DISTRIBUTION FOR ALL CLASSKS COMBINED 
IA, EXPECTED tlU#BER OF CLAIM 2.400 181 COEFFICENT OF VARIATION FOR 0.905 

------------ ACGRECATE LOSS DISTRIBUTIOA ----- -_----- 
ICI TECEl/IQUE USED TO OBTAIN AGGREGATE DISTRIBUTION LOGliORNAL ASSUNPTION 

IEG, COLLECTIVE RISK NODEL, LOGHORHAL ASSUKPTION! ------------------------------------ 
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,111 ACTUAL OR KSTIKATKD SUSJKCI PRKKIOK FOR TP.KATY PKNIOD 10.000.000 

111 BXPKC?BD LAYER LOSS COST FOR KSTIRK LAYKR PRIOR 70 TEE 3.5000% 
APPLICATIOU OF ALL COINSURARCK ILAYER KURRIKG COST1 
IRXPRKSSKD AS A PKRCEAAGB OF SUBJECT PREHIUHI 

Ill COIKSURARCK PKRCEK'PACE ICKDAIT'S PARIICIPAYION IN 0.00% 
LAY811 LOSSKS ROT CORRKSPOKDINC 10 AN KXPLICIY SUARK OF ------------ 
TKK RKIISUXAKCK PRKKIDH. KXCLUDIKC 1RK PRKSUHKD KFFKC? 
LOSS CORRIDOR PROVISIOWl 

III KXPKCTBD DOLLARS OF LOSS FOR TKK KRPIRK LAYER PRIOR 10 
TUB APPLICA!IOK OF ALL COIKSURAICK Illl'lIlJ 

150.000 

I51 LOADIRC TO CORVKRT KXPKC2KD LAYRR LOSS COST AFTKR ALL 1.129 = lOOj70 
FORKS OF COIKSURAKCK mo A LOADKD RATS ~KYPR~sSKD AS A ------------ 
UULTIPLICATIVK FACTOR TO SK APPLIKD 10 INK KXPKCTED LAYKR LOSS COSll 

161 LOSKR BOOiD OF LOSS CORRIDOR IRTERVAL IKXPRESSED AS 100.00% 
kS A PKRCBIT OF KXPKCTKD LOSSKS FOR 1KK TRKlfY PRIOR __________-_ 
TO !NK APPLICA!IOR OF 11X LOSS CORRIDOR PROVISION) 

171 UPPKR KOUKD OS LOSS CORRIDOR IUlKRVAt IKXPRKSSKD AS 200.003 
AS A PKRCKKT OF KXPKCTKD LOSSES FOR YSK TRKA’YY PRIOR --_-_--__--_ 
TO ?llK APPLICATIOR OF ?BK LOSS CORRIDOR PROVlSIORl 

18) RKIISDRKR’S PARIICIPATIOR PKRCKRYACK II LOSS 0.008 
CORRIDOR 111KRVAL IIF AllYI ____________ 

I91 KRYRY RATIO CORRKSPOIDIRG TO LOSER BOUKD OF IRIKRVAL 1.000 
II61 RXPRRSSRD AS A DKCIKALl 

ilOl IKSURARCK CKARCK AT KXYRY RATIO CORRKSPONDIAG TO LOR'ER 1o.m 
ROUKD OF IITKRVAL ____________ 

IllI KKTRY BAT10 CORRKSPOtiDIPC TO UPPKR SOUYD OF INYKRVAL 2.000 
[Ill KXPRKSSKD AS A DKCIWALI 

1111 IRSURARCK CRARCK k? KIITRY RATIO CORRBSPONDIUG TO UPPKR 10.61% 
KOURD OF IRPKRVAL ____________ 

1131 PKRCKKYAGK OF KXPKC!KO TRKATY LOSSES KLIWINATKD 
BY LOSS CORRIDOR PROVISION 

Illol-rl2ll’Iloot-lsll 

19.51% 

I10 COIlPOSlTK COIRSURANCK PKRCKKlACK 
loot-llloo~-rlll'Iloo~-~lll~l 

19.511 

1151 KXPKCYKD LOSS COS'I FOR KRlIRK RKIRSURED PORTION OF 
LAYKR. AFTKR APPLICATIOR OF LOSS CORRIDOR PROVISION 
IKXPRKSSKD AS A PKRCKRTACK 01 SUSJKCP PRKWIUWI 
12l’[lOot-III~1 

2.81131 

1161 IKDICAlKD TREATY RATE AFTKR 1KK APPLICATIOR OF 4.02188 
LOSS CORRIDOR PROVISIOS AID AKY PROPOR?IONAt COMSURAKCK 
IEXPRKSSBD AS A PKRCKKYACK OF SSSJKC? PRKUIOHI [151'115!1 
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Page 1 

Treaty IV 

Sunmary of Key Contract Provisions 

Treaty Period: l/1/90 - 12/31/90 

Layer Reinsured: $160,000 in excess of $40,000 per occurrence 

Estimated Treaty Subject Premium: $12,000,000 for 1990, 

distributed as follows: 

Class 1 - $9,000,000 

Class 2 - 3,000,OOO 

Expected Layer Loss Costs for the Entire Layer, Prior to All Forms of 

Coinsurance (Expressed as a Percent of Subject Premium): 

Class 1 - 4.00% 

Class 2 - 3.00% 

Both Classes Combined - 3.75% 

Indicated Flat Treaty Rate Prior to the Application of All Forms of 

Coinsurance (Expressed as a Percent of Subject Premium): 5.00% 

Proportional Coinsurance: None 

Non-Proportional Coinsurance: None 

Retrospective Rating Plan: 

Adjustment Period - l/1/90 through 12/31/90 (1 year) 

Adjustment Formula - 

Adjusted Treaty Premium = 100/75 x (Incurred Losses and ALAE in Layer), 

subject to a maximum of 10.00% of subject premium and a minimum 

of 3.00% of subject premium. 
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OETERNIlATIOU OF AGGREGATE LOSS DISTRIEOTION SPECIFICATION 
PARANETERS FOR ADJUSTABLE PRENIRN OR CONNISSION PLAliS 
____---_--__------------------------------------------. 

Appendix I 
Page 2 

______________ CLASS OF BUSINESS _______________ 
CLASS 1 CLASS 2 ZLASS 3 CLASS : ALL CLASSES 

RANKS OP INDIVIDUAL CLASSES OF BUSINESS ==) CLASS 1 CLASS 2 CONSINED 
___-_--____--_-___--____________________----~~-------~~~------ 

ACTUAL OR ESTINATED SUBJECT PRENIUN FOR TREATY PERIOD 9.000.000 1.000.000 12.000.000 
_------_____-_--____---------------------------- 

EXPECTKD LAYER LOSS COST POR ENTIRE LAYER PRIOR TO 4.0000s 3.oom 3.75009 
APPLICATION OF ALL F,,RNS ,,F C,,INS,JRA,,CE ,LAYER BURNING ------------------------------------------------ 
COW IEXPRESSED AS A PERCENT OF SUBJECT PRENIUNI 

EXPECTED LOSSES FOR ENTIRE REINSURED LAYER FOR 360,000 90.000 0 0 450.000 
TREATY PERIOD [lll*l2lj 

PARETO Q-VALUES FOR SEVERITY DISTRIBUTIONS 0.900 0.950 
.-______---_____----____________________--- 

NEAB CLAIN SIZE IN LAYER (EXCESS OF RETENTIONI 
IBASED ON TBE SELECTED PARETO Ql (& 

STANDARD DEYIA4IOll OF IXCESS CLAIN SIZES IN LAYER 
IBASED 011 TEE SKLECTED PARETO Q) (6') 

EXPECTED NUNBER OF CLAINS IW LAYER PRIOR TO TEE 

69.848 

60.908 

.I.154 
APPLICATION OF IION-PROPORTIONAL LOSS HIRING PROVISIONS (ML) 

ftsVfsl1 _. 
8xcEss CLAIN~&~T VARIANCE TO NEAN RATIO 
PRIOR TO APPLICATION OF NON-PROPORTIONAL 
LOSS SRARINC PROVISIONS 

STAIIDARD 
Ill LAYER 

DEVIATION OF DISTRIEUTION OF AGGREGATE LOSSES 

~6$Li, + (,cc, ’ VwR,) a;] v2 
1101 COEFFICIEPT OF VARIATION OF DISTRIBUTION 

OF AGGREGATK LOSSES IN LAYER c(9)/(3)] 

1.031 
_-----_-_-__ 

1.343 

1.067 
_-_ 

1.935 

212.298 106.228 0 0 217.391 

0.590 I.180 0.528 

67.039 69.267 

60.084 60.749 

6.497 

i!ll SELECTED PARANETERS XEKDED TO SPECIFY AGGREGATE LOSS DISTRIBUTION FOR ALL CLASSES CONBINED 
IAl EXPECTED NUNRBR OF CLAINS 6.500 ISI COEFPICENT OF VARIATION FOR 9.52s 

_--__----_-- AGGREGATE LOSS DISTRIBUTIOR __------_-__ 
ICI TECRXIQUE USED TO OBTAIN AGGREGATE DISTRIEUTION LOGNORNAL ASSUNPTION 

iEG. COLLECTIYE RISK MODEL. LOGRORlAL ASSRNPTION~ ------------------------------------ 
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ADJUSTABLE PRENIUNS IRETROSPECTIVE RATIEGI 
Appendix I 
Page 3 

(11 

(21 

131 

(41 

I51 

161 

171 

(81 

(9) 

ACTUAL OR ESTINATED SUBJECT PREHUN FOR RETROSPKCTIVE 12.000.000 
RATIEG PERIOD 

EXPECTED LAYER LOSS COST FOR ENTIRE LAYER PRIOR TO TEE 3.75oot 
EFFXCTS OF RETRO PLAN (EXPRESSED AS A PERCENT OF SUBJECT PRENIUNI 

COIESURANCK PERCENTAGE ICKDAET'S PARTICIPATION IN 0.00% 
LAYXR LOSSES NOT CORRESPOEDING TO AN EXPLICIT SEAR8 OF ------------ 
TEE REIISURANCE PRKNIUN, EXCLUDIEG TEE EFFECTS OF 
NON-PROPORTIOEAL LOSS SEARING PLANS.1 

PBRCEET RKDUCTION IR LAYER LOSSES DUE TO 
HOE-PROPORTIONAL LOSS SEARIRG PROVISIOES OELY 

0.00% 

EXPECTED LOSS COST FOR EETIRE REINSURBD PORTION OF LAYER 3.75001 
PRIOR TO TUB EFFECTS OF RETRD PLAN lEXPRESSED AS A 
PBRCEllT OF SUBJECT PREllIUNl r~,‘i100~-1311*(100t-l4l] 

NAXINUN RATE IEXPRKSSED AS A PERCENT OF SUBJECT PRENIUNI 10.0000% 
-------_-___ 

NIIIINUN RATE iEXPRESSED AS A PERCENT OF SUBJECT PRENIUNI 3.0000% 

NULTIPLICATIVE LOSS LOAD (LOSS CONVERSION FACTOR) 133.333t = 100/75 
IERER DEITY IF NO LOSS CONVERSION FACTOR IN PLAN) ------_----- 
LDDITIVB LOSS LOAD [FLAT NARGINl 0.0000% 

----_----___ 
1101 LOADED EXPECTED LAYER COST [15l'18l]t191 5.OOOOk 

1111 EETRY RATIO CORRESPONDING TO NAXIWN RATK 2.000 
116l-19l1/[1101-19l] 

112) INSURAUCE CRARCE AT NAXINUN lEXCESS LOSS PERCENTAGE 2.60t 
CORRESPONDING TO NAXINUN ENTRY RATIO1 -_--------__ 

[I31 BETRY RATIO CORRESPONDING TO NININUN RATE 0.600 
[~71-1911/I110l-1911 

1141 IUSURAECE CEARGE AT NIEINUN ~EXCESS LOSS PERCEETAGE 43.028 
CORRESPONDING TO NIYINUN EETRY RATIO) --_-_------_ 

(151 IESURANCE SAVMGS AT NININUN [1100~'113~ltl10-100t] 3.02A 

116) EET IESURAECE CEARGE [Il2i-(l5l] -0.42% 
117) ADJUSTKD EXPECTED LAYER LOSS COST lEXPECTED VALUE 3.76565 

OF LOSSES LINITED BY REPRO PLAN NAXINUN AND NININUNI 
151'[1001-116l] 

118) iAl RQurvALrnT TREATY FLAT RATE IINDICATED TREATY 5.0000$ 
RATE IF CORTRACT YERE FLAT RATEDI --_----_-___ 
lEXPRISSKD AS A PERCENT OF SUBJECT PRENIUNl 

(81 EXPECTED TREATY RATE AFTER RETRO ADJUSTNEWTS 5.02088 
iEXPRKSSED AS A PKRCENT OF SUBJECT PRENIUNI [18)*(17ljt19l 

(Cl RETRO PLAN OFP-BALANCE FACTOR (llSAl/il8BlJ 0.996 
IA FACTOR GREATER TEAN 1.000 INDICATES A PLAN INADEQUACY: 
EEILE A LESS FACTOR TBAN I.000 INDICATES A PLAN REDUNDANCYI 
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Appendix I 
PROFIT ARALYSIS - RE?ROSPKCTIVE RATING Page 4 
_____-_----___--__-_.------------------- 
COUPLKTB I?KHS 1191-1111 OKLY II TRK RR?RO PLAW IS IO? II BALANCE. 
III. ?RE RBTRO PLAH OPF-KALAICE FACTOR DOES ROT KQUAL 1.0001 

I191 III PROFIT PROVISION BUILT IRTO LOSS CONVKRSION 5.008 
FACTOR IITbH 61 iKRPRKSSKD AS A PKRCERT ______________ 
OF ADJUSTID PRRKIUK, KRCLUSIVK OF FLAT KARCIWI 

IRI PROFIT PROVISIOR IRCLUDKD IN FLAT KARCIR 
IITKK 31 IKXPRKSSBD AS AR ADSITIVE LOADING -__-_-_--_-___ 
TO TUB ADJUSTKD TREATY RATKI 

1101 PROFIT PROVISIOXS WCH RKFLKCT EFPKCT OF RETRO PLAN NAX AND NiN 

ASS&SE TUAT TUB IJRDKRR'RITKR DID iOT COIISIDKR TKK KFFSCT OF TKK 
RKTRO PLAN'S NAXINUH AND NININUN RATR PROVISIONS IIK. TEE 
ASSOCIATED RKT IRSURAtiCK CBARCKI IN RIS SELECTION OF A LOSS 
COIVKRSIOR FACTOR ARD/OR FLAT NARGIM FOR TM PLAN. IF TKK UNDKR- 
ORHER DOKS ROT ANBND EIS LOSS CORVBRSIOR FACTOR OR FLAT NARGIN TO 
ACCOUIT FOR 188 RKT IRSURAHCK CBARCK. HK IS IN KFFKCT CRANGING RIS 
BXPBCTKD PROFIT PROVISIONS IN IT811 19. 'IRIS 15 DUH TO 'IRE PACT TUAT 
A PORTION OF TtiESE PROFIT PXOVISIONS SILL BB AKSOXSSD B? 'IRE PLAN'S 
INRAtANCK. SINCK TUIS ITKN IS NOT EXPLICI7LY RKFLECTKD KLSKYBKRE IN 
TRX RETRO FORNULA TRROUGR !RR INCLUSION OF A NKT INSURANCK CUARGE. 
'IKE ANBRDKD PROFIT PROVISIONS ARE AS POLLOh'S: 

IA1 ASSUKIXG TRAT TUB BFFKCT OF TRE PLAN’S INBALAKCR 
IS TO KR FULLY ABSORKBD KY TUB PROFIT PROVISIOR 
ISCLUDBD IN TRK LOSS CORVKRSION FACTOR, TK6 
AWMDBD PROFIT PROVISION I1 TUB LOSS CORVKRSIOR 
FAC?OR IS: ISBK DKRIVATION OF FORNULA RKLOYI 

IRI ASSUNINC TEAT Th'R KFFKCT OF TUB PLAN'S INSALARCE IS 
IS TO KK FULLY ASSORBKD BY TRR PROFIY PROVISIOH 
IlCLUDKD IN !RK FLAT NAPCIK. ?KE AKKADKD PROFIT 
PROVISION IN TRB FLAV NARCIU IS: N/A 
i1381-li5l~lS1*1161] 

DKRIVATION OF FORNULA CIVKN IN 11981: 

RKTROSPKCTIVR PRKNIUN UNDKR ?RK ORIGXRAL PLAN IS CALCULATBD 
AS FOLLORS: LCF I TRKATY LOSSRS t K. 

blKRK: LCP = ORIGINAL LOSS CONVERSIOR FACTOR 
K = FLAT NARGIN. 

LCF COlTAIRS AN EXPEIISK PROVISION 6 ARD A PROFIT PROVISION P, 
KUT NO LOADING FOR TBE iiET IRSURARCK CRAW. NATUKNATICALLY. 

LCF= c 100% 

@0%-E-P 
LKT LCP'KE TUE LOSS COBVKRSIOX FACTOR YKICE INCLUDSS TRK HET INSURANCK 
CRARCE NIC AND TIE AWKKDRD PROFIT PROVISION P’. NATUSNATICALLY. 

IF LcF I ,,,“:,:~oo;-~~] [ioo%- E-d 
'. SOLVItiC FOR P'GIVHS FORIIULA IN l1981. 
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PROFIT ANALYSIS - RETROSPEZTIVE RATIIC ICOiiTINUECI 
Appendix I 
Page 5 -----________-_-____------------------------------ 

ill1 GIVEN TEAT TM UNDERllRITBR DID NOT CONSIDER TEE EFFECT OF TEE 
RKTRO PLAH’S HAXIHJH AUD HIIIMJM RATE PROVISIONS IIE, TIE 
ASSOCIATED NET INSURANCE CBARCBI IN HIS SELECTION OF A LOSS 
COBVERSION FACTOR AND/OR FLAT KARCIN FOR TEE PLAN. BERE ARE 
SAMPLE SETS OF RETRO PLAN PARAHETBRS YBICH REFLECT TEE DESIRED 
PROFIT PROVISIONS IN ITEH 19 AND PLACE TEE PLAN IN BALANCE. 

PLAN A: 
------- 
ASSUMING TiiAT TEE NET IISURANCE CHARGE IS TO BE 
FULLY RBPtBCTED IN TEE LOSS CONVERSION FACTOR, 
O%E SET OF RETRO PLAR PARAWETKRS IS: 

LOSS CONVERSION PACTOR(L& 132.781t (~)/poox-(q 
FLAT HARCIN: (H) 0.0000% ( TfEY 9) 
HAXIilUK RATE: 9.9586% 
HIRIHUK RATE: 2.98769 

[(&J-M] +C~~S,l+ M 

f.(t) mMIh[~~~+i@+M 
PUB 8: 
--_-_-- 
ASSUlIliG TRAT THE NET IWJRANCE CRARGE IS TO BE 
FULLY REFLECTED IN TEE FLAT BARGIN, ONE SET OF 
RETRO PLAR PARAMETERS IS: 

LOSS CORVERSION FACTOR: 133.333t (IEM 8) 
FLAT HARGIN: (J+) -0.0208t M + [ (5) X iiFi(l~i 
IIAXIIUK RIB: 9.97923 
HIRIHVN RATE: 2.97928 

(6)-N +M= 
(71-M + M* 

PLEASE BOTK ‘MAT HAUY OTRER BALAKCED PLANS YEICU REFLECT TIE 
DESIRED PROFIT PROVISIOES ARE POSSIBLE. HOST OF TBESB REQUIRE 
TEE USER TO COHPLETB TEE 18 ITEM SEOHN ON APPENDIX I. PAGE 3 
ITERATIVELY USING DIFFKRENT SETS OF PLAN PARANETBRS UNTIL AN 
ACCEPTABLE SET SRICE PRODUCES HINIWAL PLAN OFF-BALANCE IS FOUND. 
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Treaty V 

Suumary of Key Contract Provisions 

Treaty Period: l/1/90 - 12/31/90 

Layer Reinsured: $700,000 in excess of $300,000 per occurrence 

Estimated Treaty Subject Premium: $6,000,000 for 1990, 

distributed as follows: 

Class 1 - $2,000,000 

Class 2 - $2.000,000 

Class 3 - $2,000,000 

Expected Layer Loss Costs for the Entire Layer, Prior to All Forms of 

Coinsurance (Expressed as a Percent of Subject Premium): 

Class 1 - 10.0% 

Class 2 - 14.0% 

Class 3 - 21.0% 

All Classes Combined - 15.0% 

Indicated Treaty Rate Prior to the Application of All Forms of Coinsurance. 

but Reflecting a Provision for the Underwriter's Expectation of Profit 

Commission to be Paid (l&pressed as a Percent of Subject Premium): 25.0% 

Proportional Coinsurance: 20% 

Ron-Proportional Coinsurance: None 

Profit Commission Plan: Adjustment Period - l/1/90 through 12/31/92 (3 years) 

Reinsurer to pay cedant 25% of the amount by which 

treaty premiums during the Adjustment Period exceed 

incurred losses, AL+AE, and a 20% provision for the 

reinsurer's overhead expense. 
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DETBRNINATICN SF AGGREGATE LOSS D!STRIlUTI@N SPECIFICATION 
PARANKTKRS FOR A SINGLE TRBATY YEAR Appendix J 

Page 2 

--------_----- CLASS EF BUSI,,ESS _--____________ 
CLASS 1 CLASS 2 CLASS 3 CLASS 4 ALL CLASSES 

NANES OF INDIVIDUAL CLASSES OF BUSINESS ==) CLASS 1 CLASS 2 CLASS 3 COKBIA8c 
-------------------------------------------------------------- 

ill ACTUAL OR KSTIHATKD SUBJECT PRBKIUN FCR TREATY PERIOD 2.000.000 2.000.000 2.000.000 
---_-____-----______---------------------------- 

i2l BXPBCTKD LAYER LOSS COST FOR 8NTIRE LAYER PRIOR TO 10.00001 14.00001 21.0000t 
APPLICATION OF ALL FORKS OF COINSURANCE iLAY8R BURNING -__-_____-_-____________________________-------- 
COSTI lBXPR8SSED AS A PERCBNT OF SUBJECT PRBNIUN) 

i3I EXPECTED LOSSBS FOR ENTIRE REIRSURBD LAYER FOR 
TREATY PERIOD [Ill'i2,] 

200,000 280.000 420.000 0 

PARETO Q-VALU8S FOR SEVERITY DISTRIBUTIOIS 1.500 1.300 I.100 
---_____----_---____---------------------------- 

BEAN CLAIN SIZE IN LAYER (EXCESS OF R818NT1081 271.366 303.155 340.296 
[BASED ON THE SELECTED PAR8TO Ql h,) 

STANDARD DEVIATION OF EXCESS CLAIM SIZES IN LAYBR 246.592 257.600 266.584 
IBASED ON TEE SBLKCTED PARBTO QI 6) 

BXPBCPED IWNBBR OF CLAIKS IN LAYER PRIOR TO TEE 0.737 0.924 
APPLICATION OF NON-PROPORTIOBAL LOSS SEARING PROVISIONS (&) 

1.234 

C(3)/iS)3 
BXCBSS CLAIN COUNT VARIANCE TO HKAN RATIO 1.006 1.009 1.019 
PRIOR TO APPLICATION OF NON-PROPORTIONAL ------____--__--____---------------------------- 
LOSS SEARING PROVISIONS (VW&) 

STANDARD DEVIATION OF DISTRIBUTION OF ACCR8GAT8 LOSSES 315.301 383.323 483.065 0 
IN LAYER [6;2 atic + (MC * VMfk) &j '/i 

i101 COEFFICIENT OF VARIATION OF DISTRIBUTION 
OF AGGREGATE LOSSES IN LAYER [(9)/(3)] 1.577 1.369 1.150 

6.000.000 

15.00009 

900.00E 

310.897 

260.265 

2.895 

1.012 

692.606 

0.770 
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DSTERliIl4APIOR OF AGGREGATE LOSS DISTRIAU1IOH SPECIiICATICR 
PARAllETKRS FOR ADd0STAK.B PREKIUX CR COlli4lSSIOR PLARS 
-----________-------____________________------------------ 

Appendix J 
hge 3 

----- _ _________-______ ADJ,,STHEnT PtRICD __ _____________ ______ T$TAI 
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAP i aDJUS?nEHT 

DAlSS OF IWDIVIDUAL CONTRACT MARS II ADJUSTiWT PKRIDD :‘) l/90-12190 1191-11191 l/92-12/92 PERICC 
-__---_----____---_-.-----------------------------~----------------------- 

Ill ACTUAL OR ISTINATED SUBJBCT PRRKIUIIS FOR ALL CLASSGS COHRIRBD 6.000.000 6.000.000 6.000.000 18.000.000 
-----_______-_---_--____________________---------------------~ 

121 lAI EXPKCTBD LAYER LOSS COST POR ll?IRK LAYSR PRIOR TO TUB 15.0000t 15.00004 15.00004 1s.000c4 
APPLICATIOA OP A“ FORtIS Of CDIWJRANCE ILAYER R’JRRIRC __-_-___---________-____________________---------------------- 

COSTI IEXPRESSED AS A PERCKNT OS SUBJKC? PR~IIIUIII 

IBI PBRCINT REDUCTIOR Ill LAYER ‘OSSSS DUB TO ROR-PROPOR?ICRAt 0.00% o.oo\ 0.004 0.004 
LOSS S[&RIWG PROVI$IO~S. ,f,jKORE A“ PROp(,R~~O#A‘ rOX,,S Or __---__________-_-______________________---------------------- 

COIRSURARCK.l 

ICI KXPECTED LAYBR LOSS COST FOR IRTIRB LAYER AfTER 1RR 
ApptIcArIon OF WON-PRCPORTIONA~ toss SBIRINC PnovIsIons 
ONLY IBXPRKSSED AS A PKRCKRT OF SUAJSC? PRBRIUII 

11Al’IlOOt-l2Rl~ 

15.0000t 11.0000t 15.0000\ o.oooc\ 0.0000~ 15.00001 

111 EXPBCTBD LOSSES FOR KIlTIRE RKIRSURKD LAYER AITER TiiE BFflCI Of 900.000 9oo.ooc 900.000 0 0 2.100.000 
ALL IIOII-PROPORTIORAL COIRSURAKE PROVISIORS Ill * IICI 

III PARITO Q-VALUE FOR SEVERITY DISTRIIIUTIOR 
IKWTER A VA‘UB ORGY FOR NORO‘IRE CONTRACTS YEICR DO ROT 8116 ------------ 
AWY ROR-PROPORTIORAL LOSS SEARING PRCVISIOIlSl 

(51 116111 CLAM SIZB Ill LAYER IIXCESS Of RBTEXTIONI (us) 310.89; 
ICOPIRD 1lOll APPEIIDIX J. PAGE 11 

161 S?ARDARD DKYIATION OF BXCRSS WIN SIZBS III LAYER (6~) 260,265 
ICOPIBD FRON APPEIIDIX J. PACE 21 

BXPKCTED NWBR OF CLAMS IN LAYER llJl/lSli b-k) 2.895 2.495 l.BOj 0.000 0.6011 

ERCKSS CbAIW COUNT VARIANCK TO MAR RATIO AFTER TUB APP‘I- 
CATION OF ROR-PROPORTIORAL LOSS SEARIRC PROVISICRS IIT ARYI: I.012 1.011 I.011 

(VMRc) ----- _______------______-____________________--~-------------- 

8.66: 

1.012 

STAIIDARD DKVIATION Ot DISTRIRUTIOU 691.606 691.636 692.606 
OF AGGREGATE LOSSES III LAYKR 

2 ‘/2 
3 

_____________-----______________________------------------- -__ 1.199.629 

‘& 

I101 COWFICIKR7 OF VARIATIOR Of DISTRIBUTION OF ACGRKAT6 LCSSlS 0.770 U.77E 0.770 e.rc: 
IN LAYER [I91/l31~ 

I11 SELFCTBD PARAMTBRS MEDKD TO SPECIFY AGGR6GATC LOSS DISIRI6UTICR 
Ill EXPKCIXD HUHRER OF C‘AIHS 4.700 I61 CWIICERT 01 v*nwon TOR 0.44! 

____________ ACCRKCATE LOSS DISTRISUTICR ______-_______ 

ICI TBCRRIQUR USED T@ OBTAIII AGGREGATE DISTRIRU’IIOW LOCRORNAL ASSUPlPlIPN 
IKG. COL‘8CTIVR RISX NDDRL. ‘OCRORNAL ASSVXPTIOl’ __---_______________----~------------- 
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Appendix J 
PROFIT COMISSIOliS Page 4 
-__-_--_-_________ 
Ill ACTUAL OR ESTIHATBD SUBJECT PRKIIUN FOR COKKISSION 18.000,000 

ADJUSTIIER PKRIOD 

121 EXPKCTED LAYKR LOSS COST FOR KNTIRK LAYER 
(EXPRESSED AS A PKRCKNT OF SUBJKCT PRKKIUNI 

15.0000% 

131 COItiSURANCK PKRCENTAGE ICKDANT'S PARTICIPATION IN 20.00% 
LAYKR LOSSES NOT CORRESPORDING TO AN EXPLICIT HARE OF ------------ 
TEE RKIllSURANCK PRKNIUM, KXCLUDIRG TBE EFFKCTS OF 
NON-PROPORTIONAL LOSS SRARING PLANS.t 

141 PERCENT RKDUCTION IR LAYER LOSSES DUK TO 0.00% 
NOB-PROPORTIONAL LOSS SEARING PROVISIONS ONLY 

151 TRKATY RATE BASED ON UNDKRlfRITER'S KSTINATK OF INPACT 25.00001 
OF PROFIT CONKISSIOR PROVISION ------------ 
[I.E., TEE RATK YEICE INCLUDKS A PROVISION FOR TEE COMISSION RBICE 
RKSUUS SBEN TEE KLR IITKH 61 IS PLUGGED INTO TEE FORMULA BEL0Y.I 
IKXPRESSED AS A PKRCKNT OF SUBJKCT PRKNIUN) 

16) KXPECTKD TRKATY LOSS 6 ALAK RATIO IKLR) 48.00% 
~~2I*[100t-i~l]~(1005-141]1/151 

PROFIT CONHISSION FORKULA IS IN TEK PORN: 
iPI = iAl * [lOOt - TRKATY LOSS h ALAK RATIO - iSI], 

SUBJECT TO A NAXINUN OP ICI 
BBKRE: (PI - PROFIT COKKISSION RATIO: 

Ihl = PROPORTION OF PROFITS TO BK PAID TO CKDANT: 
181 = RKINSURER'S OVEREKAD PROVISION IKXP): 
ICI = IAXIWUN PROFIT CONHISSION IIF APPLICAFiLEt 

171 PROPORTION OF PROFITS TO BE PAID TO CKDANT (ITEK Ihlj 25.00% 

(81 RKIIISURER'S OVKREKAD PROVISION [ITEN IBI] 2O.OOk 
iKXPRESSED AS A PKRCKHTAGK OF TREATY PRKKIUKl ------------ 

191 KAXIIIU~ PROFIT COWLIISSION, IF DIFFKRENT FRON TAAT 
CORRKSPORDING TO A ZERO LOSS h ALAE RATIO (ITEK (Cl] ------------ 
(EXPRKSSKD AS A PKRCKNTAGE OP TREATY PRKKIW 

110) UNDKRRRITER'S KSTIKATE OF KXPECTKD PROFIT CONNISSION 
RATIO IEXPRESSED AS A PKRCKNTAGK OF TRKATY PREWIUNt 

l7l*[lOOt - i61 - iSI], 
OR lA)'[lOOk - EL!! - EXP] 

8.00% 
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PROFIT COiYKISSIONS ICOKTINUED~ Page 5 
___-_______------------------------------------ 
Ill) BREAKKVKN LOSS h ALAI RATIO FOR PROFIT COK!fISSION 80.00% 

PURPOSES [loo%-1811 

I121 ENTRY RATIO CORRESPONDING TO BREAKKVKN POINT 1.667 
[l111/16)1 

1131 INSURANCE CRARGE AT BRKAKKVEN POINT (EXCESS LOSS 3.09% 
PKRCENTAGE CORRESPONDING TO BRKAKKVEN ENTRY RATIO1 -------------- 

1141 LOSS & ALAK RATIO CORRKSPONDING TO THE MAXIKUW 0.00% 
PROFIT COIKISSIOR AKOUNT IlOOt-~8t-l191/(7)11 

1151 ENTRY RATIO CORRKSPONDING TO HAXINUK PROFIT 0.000 
LOSS 6 ALAS RATIO [il41/16~1 

1161 IIISURAACK CEARGK AT l4AXIKUH PROFIT LOSS & ALAK 
RATIO (EXCESS LOSS PKRCKNTAGK CORRKSPONDING TO --_-^--------- 
lAXMUll PROFIT LOSS h ALAS RATIO) 

117) INSURANCE SAVINGS AT IAXIKUH PROFIT LOSS 6 ALAI 0.00% 
RATIO [1100%'1151l+(16~-lOOtI 

I181 RET INSURANCE CBARGE (NICI [1131-11711 3.09% 

1191 ACTUARIAL ESTIl4ATE OF EXPECTED PROFIT COMISSION 8.37% 
BAT10 
lKXPRESSKD AS A PKRCKATAGE OF TREATY PRKNIW 

I7l*[lOO%-l16~'[1OO%-~#]l-18ll. 
OR lAl*[lOO% - KLR'l100%-NICI - KXP] 

1201 AKOUNT BY WEICR TBK ACTUARIAL KSTIHA~E OF THE 0.37% 
EXPECTED PROFIT COKHISSION RATIO EXCEEDS 
TEE UffDKRiiRITIWG KSTIKATK /(191-(1011 
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PROFIT AUALYSIS - PROFIT COKHISSION PLANS 
Page 6 

---______________------------------ v--e.. 
COKPLKTK ITEMS Iall-1231 ONLY IF TBK ACTUARIAL AND UNDKREKITING 
KSTIHATKS OF TEE EXPECTED PROFIT CONHISSION RATIO DIFFER 
iAS INDICATED BY A NOR-ZERO RESULT FOR ITKH 201. 

1211 RKIKSURKR'S PROFIT PROVISION BUILT INTO TREATY 5.00% RATE IEXPRESSED AS A PERCENT OF TREATY PRKNIUH)------------ 

122) AKKKDKD REINSURER'S PROFIT PROVISION IF NO CEANGE IN TREATY 
RATE OR PROFIT COHKISSION FORHULA 

ASSUHE TEAT TEE UNDERYRITBR DOKS NOT AMEND TEE TREATY RATE AND/OR 
TRE PROFIT COHHISSION FORHULA TO CORRECT FOR TIE DIFFKRENCE 
BKTRKKP TEE ACTUARIAL AND UNDERlfRITER'S EXPECTED PROFIT 
COHHISSION RATIOS IN ITKH 20. BY NOT HAKING TEES1 CEAKGKS. 
TEE UIDKRllRITKR IS IN EFFECT CUANGING EIS ANTICIPATED PROFIT 
HARGIK GIVKK Ill ITEM 21. SIRCK A PORTION OF TEE PROFIT MARGIN 
KILL BY ABSORBED 3Y TEE AKOUNT BY YBICE TBE ACTUARIAL ESTIMATE 
OF TEE PROFIT COHKISSIOE PLAH'S RESULTS KXCKEMTEK UllDKRRRITKR'S 
ESTIKATK. URDER TEIS SCENARIO. TEE AHENDKD REINSURER'S PROFIT 
PROVISION IS: [1211-(201) 4.63% 

1231 ALTERNATE PROFI? COKHISSION FORMULA HEICE REFLECTS TEE 
RKINSURKR'S DESIRED PROFIT PROVISION 

ASSURE TEAT TEE UWDKRYRITKR DOES NOT NANT TO CEAEGE TEE TREATY RATE 
SPECIFIED IN ITEM 5, BUT IKSTKAD YANTS TO CEANGK TEE PROFIT 
COKKISSION FORHULA SO TEAT TBK EXPECTED PROFIT COHHISSION RATIO 
FROH AN ACTUARIAL POINT OF VIEW RILL EQUAL TBK Ui?DKRHRITKR'S EXPECTED 
RATIO UNDER TEE ORIGINAL PLAN IITKN 101. ASSUHING TEAT TEE RKINSURKR 
WILL ACEIKVK TEE DESIRED PROFIT PROVISION (ITEM 211 IF TEE 
UtiDKRliRITKR'S EXPECTED PROFIT COHHISSION AHOUNT UNDKR TEE ORIGINAL 
PLAN IS PAID, TEEN TEE IIEY PLAE SEOULD PRODUCE NO CBAHGES I# TEE 
RKINSURKR'S EXPECTED PROFIT HARGIN. IF TEE ORIGINAL PLAN EAS NO 
SPECIFIED HAXIKM PROFIT COHHISSION RATIO IOTEKR TEAN TEAT 
YIELDED YEEN A ZERO LOSS & ALAI RATIO IS PLUGGED INTO TEE 
FORMULA), ONE KAY TO ACHIEVE TBE DESIRED RESULTS IS TO CEANGK TEE 
PROFIT SEARING PROPORTION IITKH 71 IN TEE PROFIT COHNISSION FORKULA. 

TKE XXII PLAN IS AS FOLLOWS: 
IPI = [Al * 1100% - TREATY LOSS & ALAI RATIO - la,], 

RRERK: Ihl = 23.83% 
iBl = 20.00% 

(A)= C7).yUW)/(19)1 

MANY OTBKR PROFIT COHHISSION PLANS EXIST YEICE YIELD TEE DKSIRKD 
RKIISURKR'S PROFIT PROVISION FROK AN ACTUARIAL POINT OF VW. 
HOST OF TEES1 REQUIRE TEE USER TO CONPLETE TBE 20 ITEM ON 
PAGES 4-5 OF APPKKDIX J ITERATIVELY USING DIFFERENT SETS OF PLAN 
PARAHKTKRS AND/OR TREATY RATES UNTIL AN ACCEPTABLE COHBINATION YBICE 
PRODUCES TEE DESIRED PROF!T PROVISION TO TEE REINSURER IS FOUND. 
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Treaty VI 

Sumwry of Key Contract Provisions 

Treaty Period: l/1/90 - 12/31/90 

Layer Reinsured: $900,000 in excess of $100,000 per occurrence 

Estimated Treaty Subject Premium: $25,000,000 

Rxpected Layer Loss Cost for the Entire Layer, Prior to All Forms of 

Coinsurance (Rxpressed as a Percent of Subject Premium): 10.0% 

Indicated Treaty Rate Prior to the Application of All Forms of Coinsurance, 

but Reflecting a Provision for the Underwriter's Expectation of Sliding Scale 

Cclmmission to be Paid (Expressed as a Percent of Subject Premium): 20.0% 

Proportional Coinsurance: None 

Non-Proportional Coinsurance: None 

Sliding Scale Cumkission Plan: 

Adjustment Period - l/1/90 through 12/31/90 (1 year) 

Plan - Minimum Commission of 20% at a 65% loss ratio. 

Commission increases by 0.5% for each 1% 

decline in loss ratio for loss ratios between 55% and 65%. 

Commission increases by 0.75% for each 1% 

decline in loss ratio for loss ratios between 35% and 55%. 

Maximum Commission of 40% at a 35% loss ratio. 

521 



DETERNINA?I@N OF AGGREGATE LOSS DISTRIKUTIOH SPECI~ICATIOH 
PARAHKTKRS FOR ADJUSTABLE PREWIUH OR CONllISSION PLANS 
__-__-__----________---------------------------------- 

---_------- ---_- __---- ADJUS’l~~NT PERIOD _____________________ TC,AL 
YEAR 1 YEAR 2 YEAR 3 YEAR 4 YEAR 5 ADJCSTWEtiT 

DATES 01 INDIVIDUAL CONTRACT YEARS II ADJUSTKEN? PERIOD ==) l/90-12/90 FER!CC 
----------________-------------------------------------------------------- 

ill ACTUAL OR ESPINATKD SUBJECT PREHIUNS IOR ALL CLASSES COHKIRKD 25.000.000 25.000.900 

i2l IA1 KXPKCPED LAYER LOSS COST FCR ENTIRE LAYER PRIOR TO TEE 10.00001 10.0000~ 
APPLICATION OF ALL FORWS Of COIRSURAACE [LAYER BURNING ----------__--____-------------------------------------------- 

COSPt IEXPRESSED AS A PERCKK? OF SUKJSCT PRENIUNI 

I81 PERCENT REDUCTIOA IN LAYER LOSSES DUE TO KOR-PROPORTIONAL o.oo\ 0.001 
LOSS SNARING pR,,VISI,,NS, ,IGN@RB A,,1 pR,,)@R~I@RAL r0R.S @~________________________________________-------------------- -- 

CO1IISURANCE.l 

iC1 EXPECTED LAYER LOSS COST FOR ERTIRE LAYKR APTKR TUB 
APPLICATION OP ION-PROPORTIOfiAL LOSS SKARINC PROVISIORS 
OALY IEXPRESSED AS A PERCBIT OP SUBJECT PRKWIUWl 

12A1'11OWIIBI] 

10.0000t 0.0000~ O.OOOO\ 0.00001 o.oooo\ lO.OQOO! 

i31 EXPKCTKD LOSSKS FOR BRTIRE REINSURED LAYSR APTER TKS KFFBCT OF 2.500.000 0 0 
ALL ROI-PROPORTIONAL COINSURARCE PROVISIONS lll'l2cl 

ldl FARKTO Q-VALUE FOR SKVERITY DISTRIBUTIOR l.OOU 

0 0 2.500.000 

151 WEAR CLAIM SIZE IN LAYER IEXCESS OF RKYEXTION~ (A,) ZlO.155 
IBASKD OR 786 SELECTED Q) 

161 STAKDARD DEVIATION of ExcKss ctAIW SIZES In LAYER b-s) 284.481 
[BASED OX 186 SELECTED Q) 

III KXPRCYED IUWBER OF CLAMS IN LAYER [IIIII5II (,&I 10.857 a.000 0.000 0.000 0.000 10.857 

181 BXCKSS CLAM COUNT VARIARCE TO tIEAN RATIC AFTER 185 APPLI- 
CATION OI NOR-PROPORTIONAL LOSS SBARIRG PROVISIONS IIP AllYI: 1.029 1.029 

("MRc) ---------------_-__------------------------------------------- 

191 STAIDARD DEVIATION OF DISTRIBUTION 

1.212.856 0 0 

II01 COEFFICIKA'T OF VARIATION OP DISTRIBUTION Or AGGREGATE LOSSKS 0.485 
IN LAYER [191/1J11 

1111 SELECTKD PARAHKTKRS REEDED TO SPECIFY AGGREGATE LOSS DISTRIKUTIOR 
IAl EXPECTED NUNBER OF CLAMS lC.850 IBI COSIiICEIT OF VARIAlION POR 0.485 

_______----- AGGRKCATE LclSS DISTRIBUTION ______________ 

ICI TECKRIQUE USED TO OKTAIW AGGREGATE DISTRIKUTION LOCKORNAL ASSUNPTION 
(KC. COLLKCTIVK RISK NODSL. LOCRORHAL ASSUNPTIOll --------_-_-_______------------------- 

1.212.856 
0 0 

0.485 
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Appendix K 
SLIDIHG SCALK C@KMISSI@NS Page 3 
____________________----- 
Ill ACTUAL OR KSTMTED SURJKCT PRKlIUl FOR COlMSSION 25.000,000 

ADJUSTNEAT PERIOD 

Ial KXPKCTKD LAYER LOSS COST FOR KNTIRE LAYER 
(KXPRKSSKD AS A PERCENT OF SUEJECT PRKIIUHl 

10.0000t 

i3l COIESORANCE PKRCENTACE ICEDANT'S PARTICIPATICN IN O.OOf 
LAYER LOSSES NOT CORRESPONDING TO AN EXPLICIT MARE OF ------------ 
TEE RKIRSURANCE PREHIUH. EXCLUDING TKK EFPECTS '3 
NON-PROPORTIONAL LOSS SNARING PLANS.1 

(41 PBRCEAT REDUCTION IN LAYKR LOSSES DUB TO 
NON-PROPORTIONAL LOSS SEARING PROVISIONS ONLY 

0.00% 

(51 TRKATY RATK BASKD on unuxRtfmR~s BSTIKATE OF INPACT 20.0000% 
OF SLIDIRG SCALE COliHISSION PROVISION -_---------_ 
i1.K.. PEK RATK YEICE INCLUDES A PROVISION FOR TBE COHKISSION PBAT 
CORRKSPOBDS TO TBK KLR IN ITEII 6) 

IKXPRKSSED AS A PKRCENT OF SUBJKCT PRENIIJNI 

161 KXPECTKD TREATY LOSS L AUK RATIO iELR) 50.008 
llal'[IOOt-i3l1'(100t-l4~)I/15l 

IN TEE RKBAIKDKR OF TBIS SPREADSBKET. ALL COWKISSION AND LOSS 6 ALAE 
RATIOS ARK KXPRKSSBD AS PBRCKIiTACBS OF TRKATY PRKNIUX. 

171 WIAIWH COKHISSION 10.001; CORRESPONDING 65.00% 
----_----_-- LOSS h ALAE RATIO ----------__ 

181 THK DETAILS OP TEE SLIDING SCALE COPNISSION PLAN ARK SUHWARIZKD IN 
COLMKS IA1 TBROUGK (Kl. VALUES USED Ill TBE CALCULATION 01 TBE 
EXPECTKD SLIDING SCALK CONMISSION ARK GIVEN IN COLUWNS IPt TBROUGE (II. 

IA! IB) ICI IDI IEI IPI ICI MI i:' 
PERCKITAGE EKTRY INSURANCE 

INCRKASE IN RATIO CHARGE EXPECTKD 
COHHISSION CORRESPONDING CORRESPONDING CORRESPORDING REDUCTIONS 

LOSS h ALAE RATIO RATIO PER lb CONHISSION RATIO TO LORKR TO LOKKR EXPKCTED PROM WAXIHUB 
INTKRVAL DECRKASE IN INTERVAL BOUND BOUND LOSS RATIO COKKISSION 

LOVER UPPER LOSS h ALA1 LOYER UPPKR LOSS RATIO ENTRY RATIO POINTS RATE 
BOUND BOUND RATIO BOUND BOUND IN COLUNN IAl IN COLUNN IFI IN INTERVAL lC~'lUl 

==::=I==II~------------- I==zI==;zIEf _--_----_---_----------- ---------------r=-:==~=:==~==~---------------------------- 
65.00t AND ABOVE O.OOk 20.00% 2o.oor 1.300 9.11% 4.56% O.OO$ 
55.00% 65.00% 0.501 25.00% 20.00% 1.100 14.4?% 2.689 1.34% 
35.00% 55.00% 0.758 40.008 25.00t 0.700 34.808 10.16% 7.62b 
0.00% 35.00t 0.00% 40.001 40.001 0.000 100.00~ 32.605 o.oo\ 

191 KXPECTKD CEDING COMISSION RATIO PROW AN UNDERYRITER'S 
POINT OF VIEW [COKKISSIOR RATIO CORRESPONDING TO TBE 
TREATY ELR I!TEK 61. GIVSN TRE PLAN ABOVE.] 

TOTAL 50.000 8.96% 
28.75k 

1101 EXPECTED COMISSION RATIO PROH AN ACTUARIAL POINT 31.04% 
OF VIEY [KAXIHUK COWNISSION RATIO - iTOTAl 9Ii] 

illl AMOUNT BY WHICH ‘MB ACTUARIAL ESTIWATK OP 186 EXPECTED 2.29% 
COKKISSION RATIO EXCEKDS TEK UNDERYRITINC ESTIKATE [ilO'-'911 
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Appendix K 
PROPIT ANALYSIS - SLIDING SCALE COMISSION PLANS Page 4 
________________________________________------------ 
COHPLEPK ITEKS 1121-1141 ORGY IF TEE ACTUARIAL AND UNDERWRITING 
ESTIMATES OF THE EXPECTS COKlISSION RATIO DIFFER IAS INDICATED BY A 
NON-ZERO RKSULT POR ITEH 111. 

i121 REINSURER'S PROFIT PROVISION BUILT INTO TEE 5.008 
TREATY RATE ------------ 
lEXPRESSKD AS A PERCENTAGE OP TREATY PRKNIUNI 

Il)l AMENDED REINSURER'S PROFIT PROKSION IF NO CEANGE IN TREATY 
RATK OR SLIDING SCALE COHl4ISSION PLAN 

ASSUIIE TEAT TEE UUDERYRITER DOES NOT ANEND TKE TREATY RATE AND/OR 
TEE SLIDING SCALE COHl4ISSION PLAN TO CORRECT POR TBE DIPPERBIICS 
BET!EEN TEE ACTUARIAL AID UUDERVRITXR'S KXPECTED COl4KISSION ANOUNTS 
IN ITEK 11. BY ROT NAKIRG TEESE CBANGES, TUB UNDKRYRITKR IS IN 
EFFECT CUANGING HIS ANTICIPATED PROPIT HARGIN GIVEN IN 
ITEK 12. SINCE A PORTION OF TRE PROFIT IIARCII 11111 BB ABSORBED BY 
THE AKOUIIT BY [IBICR TEE ACTUARIAL ESTIKATE OF TUB SLIDING SCALE 
COHHISSION PLAN'S RESULTS EXCKRDS TEE UHDKRYRITKR'S KSTIIIATB. UNDKR 
TEIS SCEIIARIO. TEE AKEUDKD PROPIT PROVISION IS: 2.718 

[rlal-ill)] 
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Appendix K 
PROFIT ANALYSIS - SLIDING SCALE COMISSION PLANS fCO!lTINUEDI Page 5 
________________-------------------------------------------- 
1141 ALTERIIATK SLIDING SCALK COiWISSION FORMULA liEICE RKFLKC?i 

REIISURER'S DESIRED PROFIT PROVISION 

ASSUME TEAT TUB UNDERVRITER DOES NOT YANT TO CKANGK TEE TREATY RATE 
SPECIFIED IN ITEH 5, BUT INSTEAD WANTS TO CHANGE TBE SLIDING SCALE 
COMISSION PLAN SO TBAT TEE EXPKCTKD COl4NISSION RATIO FRON AN 
ACTUARIAL POINT OF VIEW VILL KQUAL TBK UNDERWRITER'S EXPECTED 
COHHISSION RATIO UNDER TKE ORIGINAL PLAN iITKH 91. ASSUHING TNAT 
TEK REIRSURKR YILL ACKIKVE TEE DKSIRED PROFIT PROVISION (ITKK 121 
IF TilE UNDERURITKR'S EXPECTED CONHISSION UNDKR TEE ORIGINAL PLAN IS 
PAID. TBKN TEE fiKY PLAN SEOULD PRODUCE NO CKANGES IN TIE 
RKIIISURER'S KXPECTKD PROFIT WARGIN. A SIHPLK IIAY TO ACEIKVK TKK 
DESIRKD RESULTS IS TO SUBTRACT TBE DIFFKRKllCE BETIIKEN TEE ACTUARIAL 
AND UNDERIIRITKR'S ESTIIIATKS OF 'IRK EXPECTED COLRIISSION RATIO IA 
CONSTANT ALIOIMT) FROW TUB COMWISSION TO BE PAID AT EACK POSSIBLE 
LOSS & ALAI RATIO UNDER TBE ORIGINAL PLAN. 

EKYCE. TIE NKY SLIDING SCALE COHHISSION PLAN IS AS FOLLOVS: 

PERCEilTAGE 
INCREASE IN 
COW!lISSION 

LOSS & ALAK RATIO RATIO PKR 18 
INTERVAL DKCREASE IN 

COYER UPPKR LOSS & ALAE 
BOUND BOUND RATIO 

65.00% AND ABOVK 0.00% 
55.00% 65.00% 0.50% 
35.00% 55.00% 0.75% 
0.00% 35.00% 0.00% 

,- 

CORRESPONDING 
COHKISSION RATIC 

INTERVAL 
LOWER UPPER 
BOUND BOUND 

----_-_---_-_______--- 
17.71% 17.71% 
22.71% 17.71% 
37.71% 22.71% 
37.71% 37.71% 

KANY OTEKR SLIDING SCALE COMISSION PLAKS EXIST iiEICE YIELD TEE 
DKSIRKD REINSURKR'S PROFIT PROVISION FROM AN ACTUARIAL POINT OF 
VIEY. KOST OF TEKSE REQUIRK TEE USKR TO COPPLETK TEE 11 ITKHS 
ON PAGE 3 OF APPENDIX K ITERATIVELY USING DIFFKRENT SETS OF PLAN 
PARAlfKTERS [KG, NININUK COMMISSIOI/CORRKSPOllDlHC LOSS 6 ALAK 
RATIO, LOSS & ALAK RATIO INTKRVALS/CORRKSPONDING CONXISSION SLIDES 
FOR KACB INTERVAL1 AND/OR TREATY RATES UIITIL AK ACCEPTABLE 
COHUINATION WEICB PRODUCES TBE DKSIRED PROFIT PROVISION TO TBE 
REIISURKR IS FOUND. 
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DERIVATION OF A FORHULA FOR CATCUIATING THE EXPECTED CEDING CDMMISSION 

UNDER A PIECEWISE LINEAR SLIDING SCALE COHl'!ISSION PLAN 

Let L1,L2,L3,..., Ln be a series of loss ratios such that 

L1>L2>...>Ln=O. This sequence divides the range of possible loss ratios 

into n consecutive intervals, starting with the first interval [Ll,m) 

followed by the intervals [Li,Li-l] where i=2,3,...,n. 

Using the above notation, the typicai linear siiding scale commission plan can 

be expressed as follows: 

The minimum commission ratio (to treaty premium) Cmin is paid if the 

treaty loss ratio falls in the first interval. 

The ceding commission ratio increases by b2 points for each 1% decline in 

the loss ratio in the second interval. 

The ceding commission ratio increases by b3 points for each 1% decline in 

the loss ratio in the third interval. 
. 
. 
. 

The ceding commission ratio increases by b,-1 points for each 1% decline 

in the loss ratio in the (n-l)-st interval. 

The maximum ceding commission Cmax is paid if the treaty loss ratio falls 

in the n-th interval. 

Let f(Li) equal the ceding commission ratio corresponding to an Li loss ratio, 

i=1,2,...,n. 

If L is a random variable representing the observed treaty loss ratio, then the 

sliding scale commission plan described above may be expressed as a continuous 

piecewise linear function of L in the following form: 
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(1 

f(L1) = Gin if L >Ll 

) f(L2)+b2(L2-L) if L2 4 L < L1 

c = f(L) = f(L3)+b3(L3-L) if L3 Q L < L2 
. 
, 
l 

f(L,) = qnax if O=L,$ L < Lnml 

For convenience, let ai= f(Li)+b;Li (i=l,z,...,n). Also, define both bl and 

b, to be 0, since there is no commission slide on either the first or last 

loss ratio intervals. Using this notation, we can rewrite (1) as follows: 

f(Q) if L >L1 

a2-b2L if L2 < L < L1 

zs 

t 

a3-b3L if L3 6 L < L2 
. 
. 
. 

a,-b,L if O=L,d L < Lnml 

Let p(L) be the probability density function of L. 

Then, the expected ceding commission ratio E(C) may be expressed as follows: 
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(3) E(C)= 

Appendix L 
Page 3 

P(L) be the cumulative distribution function of L, 

Pi(L) be the first moment distribution function of L. 

By definition, 

Thus, we may rewrite (3) as 

n 

(4) E(C)=fG1)[l-WL1)l + c ai [P(Li-, 1 - P(Li )I 
I.=2 

n 

-M c 
i=2 

bi [P1 (L;,,)-Pl(Li )I. 

Now define P2(L) to be the excess pure premium ratio at loss ratio L. 

P2(L) may be expressed in terms of P(L) and Pi(L) as follows: 

(5) P2(L)=[l-P1(L)I- M I-[l-P(L)]. 

Solving (5) for Pi(L) yields 

(6) PI(L) = [l-P2(L)I- $jfl-P(L)]. 

Substituting (6) into (4), we get 
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(7) E(C) = f(L1)[l-WLl)l + C aj [P(Li-, )-P(L; )j 
AS2 

- M 2 4jp2’L4 
it2 

- #l-P(L&, ,I) 

- (il-P2(Li )f #l-P(Li i,)] 

= fuq)[l-Puq)l + 2 
ia2 

ai tpfLi,l ) -P(Li )I 

)I 

-c uqp2uJ; ) - qp2(L;.,) + b.L,- 1 4 biLki+ bdLim(P(Li.l) 

i=Z 

- biL~P(Li )] 

=f(L* ) [l-P(LA )I +f a; 1 Pi Li,, 1 - p cy )I 
it2 

e 
-M c bi tp2(L,j 1 - p2(L,Q1. 

i-2 

Consider the expression 

n 
(8) f(L1) [l-PIL1)l + c ai [P(Li$f) - P(Li )I 

AZ2 
n 

-1 
i:2 

bi [Lie,P(Liwr) - LiP(Li 11, 

which is the first 3 terms of the righthand side of (7) above. 

535 



Appendix L 
Page 5 

Letting ai = t(Li ) + Bali (i=2,3,...,n), (8) becomes 

(9) f(LI)[l-P(Ll)] +c [f(Li ) + bi Li I [P(LA,,) -P(L; )I 
i-=2 

n 

-2 bi [Li-tP(Lisd) - Li P(Li )I 
A--2 

n n 

= f (Ll) - f(Ll)P(Ll) + c f(L; )P(Li_() - c f&i )P(Li ) 
A=2 i:2 

* n 

= f(L1) - z1 f'LJ P(L1' ) + c 
i--i it2 

fCL1' P(LA:, 1 

n n 

+ c 
& 

biLAP(Li-4 1 - c 
i=2 

b;L#L+,) 

n n 

= f(Ll) - fCLi lptLi ) + c [f(Lj ,+b; CLi -Q, lW+,). 
i=p 

From the definition of f given in (l), f(L&,) = f(Li ) + bi (L; -Li+) 

for x' =2,3 ,...,n. Thus, (9) becomes 

n k 

(10) f(Q) -c f’Li P(L~ 1 + c f(L&, P(L$_, 1 
i=l i=2 

yr n-1 

= f(Ll) - 
c f(Li JptLi ) + c fu-i )WLJ ) 

i=l i*l 

= f(Ll) - f(L,)P(L,) = f(Ll), since P(L,) = P(0) = 0. 
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Therefore, we may substitute f(Ll) for the first 3 terms in the rightmost 

expression of equation (7) to obtain 

n v) 

(11) E(C) = f(Ll) + c c 
i=2 

bi (Li-,-Lo ) - M 
i-2 

bi [Pz(Li 1 - P2(LieI)I * 

From the definition of f given in (l), it is evident that 

) +c b; (Lb,-LJ,,). Also, since bl = 0, the 
.i:1 

cmax = f(L,) = f(L1 

rightmost summation 

implicitly defining 

in equation (11) can be set to begin ati=l. (We are 

P2(LO) = P2(00) = 1.) Hence, we may rewrite (11) as 

n 

(12) E(C) = Cmax - M c b; [P2(Li 1 - P2(L441. 
i:l 

Equation (12) provides a convenient formula for calculating the expected ceding 

commission ratio under a piecewise linear sliding scale plan, since one only 

needs a description of the plan, the expected treaty loss ratio M, and the 

appropriate table of excess pure premium ratios (ie, the P2(Li )'s) in order 

to use it. 

Based on the definitions given for M and P2 above, it follows that the 

expression M[P2(Li )-P 2 1-1 (La )] represents the expected number of loss ratio 

points falling .in the interval from Li to L1-,. Hence equation (12) may be 

expressed verbally as follows: 
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n 
(13) E(C) = sax - c bi 

loss ratio points in the 

i:i 
from L; to L;,i f 

where: E(C) is the expected commission ratio, 

%ax is the maximum commission ratio, 

bi is the commission slide on the A*-th loss ratio interval. 

Since the product of b; and the expected number of loss ratio points in the 

i-th interval represents the expected number of commission points lost in that 

interval, one sees from (13) that the expected ceding commission ratio equals 

the maximum conunission ratio minus the expected points of commission lost over 

the entire range of possible loss ratios. This provides an intuitive 

justification of the formula given in (12) above. 
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