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INTRODUCTION 

The continuing solvency of property and casualty insurance companies, as well as of other financial 
institutions, has become an issue of great importance and major concern during the past decade. While 
solvency has always been a major consideration for actuaries, the experience of multiple failures of 
financial institutions in the past several years has caused the profession to focus more attention on the 
problem. The emerging role of the valuation actuary, as well as the renewed interest of legislators in the 
solvency issue, have added a sense of urgency to the profession’s need to better evaluate solvency. 

This report has been commissioned by the Committee on Financial Analysis of the Casualty Actuarial 
Society to lay the groundwork for future research on surplus requirements for property and casualty 
insurers in a North American context. The largest part of this report is an annotated bibliography of 
relevant research papers. These are found in the bibliography. The bibliography provides a foundation 
for future research. For convenience, all papers cited have been grouped according to general subject 
area. The subject classification, which contains a list of the major approaches to the solvency problem 
itself, is described in the first section of this report. Papers are listed alphabetically by author and are 
also grouped according to subject classification. The most promising approaches for further study and 
development are evaluated and discussed in the second section. 

1. CLASSIFICATION OF RESEARCH AREAS 

The bibliography to this report contains a comprehensive listing of research reports published in English 
which relate to the solvency of property and casualty insurance companies. Each paper has been 
classified according to its primary approach or subject matter. A particular paper may touch on 
categories other than its primary classification. The classification system is described below. ‘The 
categories listed span an area wider than the strict subject of solvency; many of the papers cited have 
implications for solvency but are not strictly papers on solvency. 

1. Classical Risk Theory 

One approach to solvency evaluation has been through classical risk theory, particularly the branch known 
as ruin theory. This is a well-established area, described in a number of well-known text books as listed 
in the bibliography to this report. Also included in this category are papers which study solvency through 
various probabilistic models which do not involve detailed cash flow simulations. 

II. Projection Simulation Models 

With the development of computers, renewed attention has been focused on the use of cash flow 
projection models to study, among other things, the continuing solvency of insurance companies and their 
sensitivity to various sources of risk. This is a very promising area of research. 
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III. Financial Economics 

Applications of modem financial economics, particularly the capital asset pricing model (CAPM) and 
option pricing methods, have been proposed for insurance during the past fifteen years. These methods 
offer a novel approach to the solvency problem. Gf particular interest is the emphasis on a unified view 
of the firm, based on both assets and liabilities. 

IV. Loss Reserving 

Loss reserves have a major impact on an insurer’s balance sheet; they are a major determinant of surplus. 
Since they are estimates of future costs arising from past losses, they are subject to considerable 
uncertainty. Many of the works in this category aim to improve the accuracy of loss reserve estimation. 
Some papers treat methods for explicit provisions for adverse deviations (although these cannot currently 
be applied for GAAP reserves in the U.S.). 

V. Statistical Methods 

A number of research studies center on the utility of various systems of financial ratios and indices as 
predictors of continuing solvency. Many papers ln this category analyze the performance of such systems 
based on historical data. 

VI. Regulation 

A primary purpose of regulation is the monitoring of the solvency of the regulated insurers. These papers 
discuss changes in regulation and the effectiveness of regulation. 

VII. Financial Reporting and Surplus Management 

Since solvency is usually understood to mean the existence of non-negative surplus, the methods used to 
measure surplus, the various financial reporting systems, as well as related management actions in 
managing surplus, will have a significant impact on the assessment of an insurer’s financial condition. 

VIII. Life Insurance 

Recent studies, particularly in Canada and in the United Kingdom, on approaches to evaluating the 
solvency of life insurers and on minimum surplus requirements may have significant application to 
property and casualty insurers. The Canadian approach to dynamic solvency testing for life insurance 
companies is shortly to be extended to property and casualty insurers. 



IX. Investment Models 

Solvency depends upon the entire scope of an insurer’s operations, including its products and its 
investments. Interest rate and investment models are major components of projection simulation models; 
they are important in the evaluation of an insurer’s solvency. Papers on asset-liability matching and 
investment strategy are also included here. 

X. Ratemaking 

Proper product pricing, in particular the provision of adequate profit or risk margins in rates, is an 
important determinant of future solvency. This category has considerable overlap with category III since 
many recent applications of the capital asset pricing model have focused on ratemaking. In such cases, 
papers have often been classified under category III only. 

XI. General 

In this classification are contained a number of wide-ranging papers which span many of the previous 
categories but do not fit easily into any of them. 

2. REVIEW OF SIGNIFICAh’T APPROACHES TO SOLVENCY STUDIES 

The primary aim of this study is to summarize and categorize methods to study the financial condition 
of individual companies. One aspect is the measurement of a company’s condition at a particular time. 
A second is the selection of leading indicators which might provide early warning of possible future 
difficulty. Third is the determination of necessary amounts of capital and surplus. The last, and perhaps 
most important, is to arrive at an understanding of all sources of risk to which the company is exposed 
and to have the ability to advise management as to the likely consequences for the company’s financial 
condition of future changes in the external environment or in company strategies and operations. 

A dictionary definition of solvency is “the ability to pay all just debts”. Conventionally, a company is 
deemed solvent on the basis of its balance sheet if assets exceed liabilities. There are several caveats 
associated with this conventional view. 

1. Since balance sheets are usually prepared with specific frequencies, such as quarterly or annually, 
an outside observer can only assets the adequacy of a company’s surplus at discrete times. 
Moreover, since the preparation of accounting statements requires considerable effort and time, 
such statements are usually available only after their reporting dates; the traditional view of 
solvency is usually retrospective. 
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2. The traditional notion of solvency depends on the financial reporting system in use. There is no 
unique or preferred system. Many companies report on two bases: statutory, and GAAP. A 
third basis is used for tax purposes in the U.S. and some other jurisdictions. Moreover, the 
statutory systems in different jurisdictions vary considerably. A company which operates 
internationally and reports on multiple financial bases might have a number of markedly different 
views of its own financial health. It is not immediately clear which basis better portrays the 
ability of the company to meet its obligations. 

3. Whether a company is truly able to pay all just debts incurred depends on the current assets, 
investment income they will generate, the actual claim amounts to be paid in the future, and 
future expenses involved in handling invatments, claim payments, and general administration. 
At any given time, most of these values are not available; we must use estimates (eg: loss 
reserves). This problem extends to the value of assets as well as liabilities; assets may be valued 
using book or market values, or something in between. Because many of these items are random 
variables, no reporting system will be able to identify with certainty whether a company will be 
able to pay all its just debts. 

Even if one takes these caveats into account, it must be recognized that it is necessary to pay significant 
attention to the conventional accounting definition of solvency and standard financial reporting systems. 
In particular, a company’s licence to continue doing business will depend on its meeting regulatory 
surplus tests calculated on a statutory basis. This is, after all, the main purpose of statutory financial 
reporting. 

However, we are usually not concerned only with the current licence but also with the company’s ability 
to maintain its licence. The notion of solvency takes on a dynamic or continuing nature. In the best of 
situations, we want to be assured that with an acceptably high degree of probability, the company will 
be able to meet the balance sheet solvency test at any future time. 

To achieve this, one provides margins in pricing and establishes minimum surplus requirements that are 
intended to provide for errors in pricing, in loss reserving, and in other areas. The literature contained 
in this review deals with each of these to some extent. 

A: Surplus and Risk Theory 

Since we are concerned with ongoing solvency, it is usually not satisfactory to require only that surplus 
be positive without requiring some positive minimum value for it. One minor reason is that the financial 
statement, and hence the determination of solvency on a balance sheet basis, is never compIetely up to 
date. Therefore, it is important to make allowance for some deterioration in the company’s financial 
position from the reporting date until tbe time at which action can be taken to correct any financial 
problems. 

A more important reason for maintaining a minimum positive value for surplus is illuminated by classical 
risk theory. Risk theory considers the aggregate annual losses for a block of business. This is treated 
as a random variable; the distribution of this variable is usually treated as a compound distribution 
composed of the distribution of the number of claims and the claim size distribution (distribution of claim 
amounts). It is important to note that this decomposition of the distribution of aggregate losses is the 
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result of having made simplifying mathematical assumptions. For an actual book of business, it is 
important to satisfy oneself that the underlying assumptions are at least approximately true before using 
the common techniques of risk theory. In order to model the distribution of the number of claims, one 
must assume the claim frequencies and the distribution of claim sixes have been estimated correctly. It 
is possible to introduce an element of uncertainty in these estimates into the model at a cost of 
complicating the model. The standard models and techniques for calculating them are described in 
standard texts which are found on the CAS examination syllabus. 

A fundamental purpose of risk theory is to consider the probability that aggregate losses will exceed 
premium income and available surplus; this is the problem of ruin. If the time period is a single year, 
the problem is not too difficult to solve for the narrowly defined theoretical situations typically assumed. 
However, if the time period exceeds the period used in describing the number-of-claims random variable, 
the mathematics becomes much more complicated. In fact, approximate analytic solutions are usually 
available for an infiaitely long time period (ruin ever). For finite time periods, with recent improvements 
in computing power, it is often possible to obtain numerical solutions. Since these are often not in closed 
form, they do not offer much insight into the underlying process. 

Ruin theory attempts to give the probability of ruin or insolvency within a fixed time period depending 
on initial surplus, the risk loading in the premium, usually expressed as a fraction of expected losses, and 
the probability distribution of aggregate losses. A standard method of applying ruin theory is to choose 
an acceptably small probability of ruin within the time period and determine the initial surplus which will 
keep the probability of ruin below the desired level. In the absence of a closed solution (eg: finite time) 
this is quite difficult. Therefore, most applications are based on keeping the probability of ultimate ruin 
at a low level. Fortunately, from an actuarial point of view, this is a conservative approach since the 
probability of ruin in a finite time period is smaller than the probability of ultimate ruin. 

As mentioned above, the calculation depends on the premium loading. The classical theory totally 
ignores the effect of interest or inflation. Some extensions of classical results can handle interest but are 
difficult to compute. There is an extension which takes policyholder dividends or experience rating into 
consideration; however, the mathematics is difficult and the results sometimes are counter-intuitive. For 
this, see the textbook by Gerber. 

In short, the classical theory treats losses on future claims as the only random variable. Changes in claim 
frequencies and severities or the make-up of the book of business are not easily handled. Interest and 
expenses are usually ignored. Although it is possible to incorporate claim cost inflation into the loss 
distribution, this does not translate easily into the ruin situation. The theory does not treat risks 
associated with existing liabilities and assets. Important sources of risk such as misestimation of loss 
reserves, unanticipated future inflation, and adverse court decisions or changes in the law fall outside the 
scope of this theory. These risks are significant and must be considered when evaluating an insurer’s 
surplus and solvency. 

At best, ruin theory can give an indication of the amount of initial surplus required to maintain solvency 
with a desired degree of probability. This surplus will cover only the risks related to random fluctuation 
in total losses. It is not likely that we can base a practical method of monitoring solvency strictly on ruin 
theory. One recent paper which does consider the more complicated situation in a finite time interval is 
(Meyers, 1986). 
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A more recent development concerning surplus requirements is the emergence of risk-based Surplus 

formulas. These are under development by NAIC and follow the introduction of similar requirements 
in the European Economic Community (Council of the European Communities, 1979) and, for life 
insurers, in Canada (Canadian Life and Health Insurance Association, 1991). The usual form of such 
formulas is to require, for each major source of risk, surplus equal to the product of some measure of 
a company’s exposure to that risk and a fixed factor. For risks related to random non-systematic 
fluctuations in losses relating to future premium earnings, these factors may be derived using ruin theory. 

Papers on this subject area are to be found under subject classification I. 

B: Loss Reserving 

The extensive literature on loss reserving falls outside the scope of this study. only papers which make 
an explicit connection between loss reserving and solvency are included. Very few of these discuss 
explicit provision of margins within reserves. Among these are (Arata, 1983), (Ashe, 1986), (Byrnes, 
1986), (De Iong and Zehnwiti,‘1982), and (Sogn, 1984). Perhaps the most useful work in this area 
does not appear in the bibliography since it is still in preparation; this is the work of the Canadian 
Institute of Actuaries Committee on Property and Casualty Insurance Financial Reporting on provisions 
for adverse deviations in loss reserves. The need for this provision was studied in (Panjer and Brown, 
1990). In this context, these provisions for adverse deviations are expected to cover errors due to 
misestimation of claim amounts and timing of claim payments. This approach may be difficult to 
implement in the U.S. since margins for adverse deviations cannot be included in GAAP reserves. 
However, the absence of discounting in these reserves may lead to an implicit provision for adverse 
deviations. 

Papers on this subject area are to be found under subject classification IV. 

c: Financial Economics 

‘Ihe historical impetus for rate regulation has often been taken to be the maintenance of solvency. From 
this point of view, the regulatory interest would appear to be avoidance of insufficient or deficient 
premiums. Some papers which discuss margins in this way are (Rarnlau-Hansen, 1988 Part II), (Taylor, 
1988), and (Martin-Lof, 1983). The bulk of the research literature in the bibliography suggests a 
diametrically opposed perspective. The majority of papers treat rate regulation for insurers in a manner 
analogous to that used for public utilities. This is particularly so for the significant body of work 
stemming from financial economics, reviewed below. 

A sizable literature has developed on the application of financial economics, particularly CAPM and 
option pricing theory, to insurance. The main application has been to pricing or ratemaking. A 
description of these applications can be found in (Cummins, 1991). A discussion of the utility of this 
approach for solvency studies is found in (Daykin and Hey, 1990). In general, this approach does not 
give direct solvency-related information about a particular company. The emphasis in these papers is on 
a ratemaking procedure which will give insurers a fair rate of return on equity. Solvency enters into the 
discussion when the fair rate is considered. However, the risks faced by an insurer in carrying out its 
business are not usually explicitly considered. Solvency determination must examine the total risk of the 
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company, while most financial economic theory only examines nondiversitiable risk. The principal 
exception is the paper (Cummins, 1986) on risk based premiums for insurance guaranty funds; this paper 
attempts to put a price on a company’s financial condition. This approach, if continued and refined, 
shows promise as an approach to solvency studies. 

Perhaps the most important point to be taken from this finance literature is that solvency is a matter 
involving all aspects of the company, including assets, investment policy, and capital structure. In 
addition, financial market forces cannot be ignored. Important sources for information on asset-liability 
matching for insurance companies are (Platt, 1986), (Tilley, 1980), and (Boyle, 1978). 

As Daykin and Hey conclude, the papers based on applications of financial economics give an alternative 
way of describing what is going on in the market place but are not of much direct use in analyzing the 
situation of a particular company, particularly when alternative courses of action are being considered. 

There is, however, a possible future link between the actuarial and financial economics approaches which 
merits further study. Recent experience in the life insurance industry in Canada has shown that as the 
Minimum Continuing Capital and Surplus Requirement, a risk-based formula, has come into effect, 
companies have begun to use the requirement determined by each line of business (including its 
supporting assets) as a measure of the company’s equity invested in the line; this is important in 
considering return on equity in pricing. If risk-based surplus requirements are introduced into other 
segments of the insurance industry, they would be used as one measure of the needed invested capital 
when doing ROI calculations. Application of methods based on financial economics, particularly option 
pricing theory, to ratemaking in which the goal is to produce a fair rate of return on required risk based 
surplus could provide useful links between pricing and the maintenance of solvency. 

Papers on this subject area are to be found under subject classification III. 

D: Projection Simulation Models 

None of the approaches to solvency studies which have been discussed seem to offer direct application 
to the study of particular companies. These approaches are mathematical in nature. In order to arrive 
at mathematical settings which one has any hope of solving, it is usually necessary to make simplifying 
assumptions. While these assumptions improve our chances of obtaining answers, they also guarantee 
the answers will be of limited use since they ignore important aspects of the real world situation. 

An alternate approach is to simulate a company by computer models. One gives up the possibility of nice 
analytic solutions. Thanks to recent increases in computing power at greatly reduced cost, one gains the 
ability to vary beginning assumptions and test the model and the company under a wide variety of 
scenarios of possible future experience. This approach shows great promise, given the current state of 
our mathematical knowledge, for studying insurers’ solvency. 

There are two important series of works which have developed this approach. The first comes from 
Finland as a series of papers by Pentikainen and his colleagues. Their work is best summarized in the 
book (Pentikainen, Ronsdorff, Pesonen, Rantala, and Ruohonen, 1989). The second series stems from 
the activities of a working party of the Institute of Actuaries in the United Kingdom, concerning the 
solvency of general insurance companies. This has resulted in a series of works by Daykin and his 
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colleagues. The most recent, and useful, paper in this series is (Daykin and Hey, 1990). 

This modelling approach to solvency has been implemented in Canada as a professional technique under 
the name Dynamic Solvency Testing. The approach taken is described in (Canadian Institute of 
Actuaries, 1989) and (Brender, 1991). Initially, Dynamic Solvency Testing has been applied to life 
insurers. However, it is expected to be extended to property and casualty insurers in 1992 or 1993. This 
procedure forms the basis for the annual report on a company’s financial condition which, under new 
Canadian legislation, the appointed actuary must make to the board of directors for both life and property 
and casualty insurance companies. 

AN important question in adopting the simulation approach is the length of the projection period. There 
is a temptation to consider the property and casualty business as short term, and therefore not requiring 
extensive projections. However, there is broad recognition that the industry is subject to underwriting 
cycles of the order of five to eight years. Moreover, times to settlement of claims are often very long, 
exposing insurers to significant inflation risk and other estimation error. These observations suggest 
projections must be done for a period at least as great as a typical underwriting cycle; a ten year 
projection would not appear to be excessive. 

Projections are usually carried out using different scenarios of possible future experience and management 
decisions. One must consider whether these scenarios will be deterministic or stochastically generated. 
Both the Finnish and British groups have taken a stochastic approach. A fundamental stochastic element 
has been the model which generates the economic assumptions. Both groups have used the basic 
approach of (Wilkie, 1986). On the other hand, the Canadian Dynamic Solvency Testing process uses 
deterministic scenarios. In principle, the stochastic approach is preferable. However, if its results are 
to be relied on in operating actual companies, one must be assured that the models used to generate 
scenarios do in fact accurately reflect our real environment. It can be argued that the Wilkie model does 
not meet this condition in the United Kingdom (Geoghegan et al, 1992); it certainly does not describe the 
situation in North America without modification. Work is in progress in this area on a number of fronts. 
If the stochastic simulation approach to solvency is adopted, it will be necessary for (North American) 
actuaries to undertake considerable work in models for generating scenarios. It should also be noted that 
simulation models generally produce voluminous numerical results. When many scenarios are run, the 
results can be overwhelming. Methods of analyzing these results to make them comprehensible will 
require further development. 

The advantage of the deterministic scenario approach is that sensitivities to specific changes in variables 
can be assessed. For example, one can address the question “Can the company withstand a 3% increase 
in inflation (and the likely resulting increase in interest rates)?“. This approach does not produce 
probabilities of ruin as does the stochastic scenario approach. However, without a lot of detailed work, 
the stochastic scenario approach does not identify the causes of insolvency. 

Papers on this subject area are to be found under subject classification II. 

E: Ratio Tests 

Those in the insurance industry are familiar with a number of financial ratio tests which are used as 
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‘quick and dirty’ indicators of a company’s financial condition. Most important in this category is the 
NAIC’s IRIS system. Certain indicators used by various rating agencies are also of this type. Several 
papers study the effectiveness of these tests (Ambrose and Seward, 1988), (Bar-Niv and Hershbarger, 
1988), (Pinches and Trieschmarm, 1974). Although these tests may appear to be rather crude when 
compared with the information which can be obtained from simulation models, nevertheless they will 
probably always be with us. There is a genuine need, particularly on the part of regulators, for tests 
based on current, and usually public, f3nancial data. It seems that it would be profitable to improve on 
the tests currently in use. Possible approaches are suggested in (Harrington and Nelson, 1986), (Ludwig 
and McAuIey, 1988) and (Salzmann, 1981). The multivariate discrimmant analysis approach, as 
described, for example, in the works by Ahman listed in the bibliography, seems to be promising in this 
regard. 

Papers on this subject area are to be found under subject classification V. 
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B-I 

Papers on Classical Risk Theory 
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BACHMAN, J.E. “Capitalization Requirements for Multiple Line Property - Liability Insurance 
Companies”. Huebner Foundation Monograph, University of Pennsylvania 1978. 

The author considers Product line combinations and capitalization requirements. He uses a gen- 
eral random walk model to determine the amount of capital required to preserve solvency over 
various time horizons within a given level of probability. The study concludes that a uniform 
ratio of premium to surplus cannot be applied on an industry-wide basis, and also that the com- 
position of the investment portfolio has a major effect on solvency, in fact greater than 
underwriting activity alone. Thirdly, the study concludes that an insurer can increase its 
premium-surplus ratio without increasing its probability of ruin merely by changing its insurance 
product line mix. A combination of a high premium-surplus ratio and an all bond portfolio 
offers a greater expected total rate of return and a smaller probability of ruin (and hence requires 
less capital) than the combination of a low premium-surplus ratio and an investment portfolio 
which emphasizes common stocks. 

BOHMAN, H. “Rule of Thumb for the Determination of a Sufficient Risk Reserve”. Scandina- 
vian Actuarial Journal (1974) 237-240. 

The author suggests a heuristic method based on a random walk method to determine the proba- 
bility that the risk reserve is non-negative at the end of the planning period and for arbitrarily 
many discrete intermediate points. 

BOHMAN, H. “Solvency and Profitability Standards”. Scandinavian Actuarial Journal (1976) 
111-113. 

The author defines a solvency standard and profitability standard. He then solves the following 
problem: Under what conditions can a new contract be added to a portfolio that contains only 
profitable contracts? He shows that if the new contract is profitable, then the expanded portfolio 
will also be profitable, but the existing reserve must he great enough to accommodate the new 
contract, in order for the expanded portfolio to remain solvent. 

BROWN, A. “Insuring the Solvency Margin of a Capital Guaranteed Fund”. Transactions of the 
International Congress of Actuaries (1988). 

A simple model is constructed of a capital guaranteed fund. The probability that the solvency 
margin falls below a specified level is calculated from this model. The cost of insuring the sol- 
vency margin on a stop-loss basis can be determined from the probabilities. The maximum net 
return on the assets after allowing for this insurance indicates an appropriate investment strategy. 



B-I-2 

CUMMINS, J.D. “Statistical and Financial Models of Insurance Pricing and the Insurance 
Firm”. Journal of Risk and Insurance 58 (1991) 261-302 

The author tries to reconcile the actuarial and the financial models of insurance, beginning with 
the idea of insurance pricing. He gives a brief background of statistical models of insurance, 
based on risk theory; then he gives a brief background to financial models of insurance, based on 
CAPM. Then he lists five areas where the integration of statistical and financial models would 
be valuable: 

(1) the development of asset/liability management models that take into account more 
sophisticated mcdels of the reserve run-off, 

(2) financial models of reinsurance using option pricing theory, taking into account the 
fact that insurance claims are non-traded assets, and using probability distributions 
other than the lognormal, 

(3) development of multiperiod option pricing models for long-tail insurance contracts, 
instead of using a funds generating or “k” factors approach to model the claims runoff 
process, 

(4) adaptation of pricing and asset/liability management models to incorporate stochastic 
interest rates, 

(5) endogenization of surplus. 

MEYERS, G. “Equilibrium in the Capital Structure of an Insurance Company”. International 
Conference on Insurance Solvency I, 1986 

This paper uses finite ruin theory to predict the amount of surplus that will support a given rate 
of return. This calculation takes into account many relevant factors such as the size of the com- 
pany, characteristics of the lines of insurance written by the company, parameter uncertainty, 
excess of loss insurance and investment income. Particular attention is paid to uncertainty in 
loss reserves, security loads and the underwriting cycle. 



B-I-3 

PENTIKAINEN, T., RANTALA, J. ‘Solvency of Insurers and Equalization Reserves”. Vol. I 
(General Aspects), Vol. II (Risk Theoretical Model), Insurance Publishing Company Ltd. 1982, 
Helsinki 

This is a research report under the directorship of T. Pentikainen, proposed for the Insurance 
Department of the Ministry of Social Affairs and Health of Finland The following topics are 
discussed: 

Vol. I 

(1) 

(2) 
(3) 
(4) 

(5) 

(6) 
(7) 

Vol. II 

(1) 

(21 
(3) 

(4) 

(5) 

(6) 
(7) 

solvency politics and background factors, 

empirical data, 

risk-theoretical model, 

solvency ratios, 

solvency margins, 

measuring solvency, 

fluctuation reserve. 

distribution of total claim amount, 

stochastic dynamic model of insurance company, 

analytic treatment of model, 

fluctuation range of solvency margin, minimum safety loadings and solvency test, 

simulation of total claims caused by catastrophes, 

reinsurance, solvency margin and policyholders, 

regulation of equalization reserves of Finnish non-life insurers. 

PENTIKAINEN, T., BONSDORFF, H., PESONEN, M., RANTALA, J., RUOHONEN, M. 
‘Insurance Solvency and Financial Strength”. Finnish Insurance Training and Publishing Com- 
pany Ltd., 1989, Helsinki 

This book gives a general survey of the subject matter, and tries to bridge the gap between theory 
and practice i.e. between academicians and practicing actuaries. The book covers the areas of 
risks and effects, including claims, business cycles, premiums, investment return and asset risks, 
expenses, taxes, dividends, and inflation. The authors also discuss public solvency control and 
financial strength as an element in insurance management. A simulation model is described and 
an explicit example is worked out using this model. The authors also discuss international regu- 
latory issues. The text is self-contained with most of the risk-theoretic analysis following the 
lines of “Risk Theory” by Beard, Pentikainen, E. Pesonen. 

17 



B-l-4 

RAMLAU-HANSEN, H. “A Solvency Study in Non-Life Insumnce Part I”. Scandinavian 
Actuarial Journal (1988) 3-34 

This paper describes a study of statistical analyses of policy and claims data of a portfolio of fire, 
windstorm, and glass Iiabiities of single family houses and dwellings. Claim frequencies and 
claim size disaibutions are estimated, and the results are used to derive moments of the annual 
claim amounts and to provide examples of solvency margin requirements for diffetent classes of 
business. 

RAMLAU-HANSEN, H. “A Solvency Study in Non-Lie Insurance Part II”. Scandinavian 
Actuarial Journal (1988) 35-59 

This paper shows how the solvency margin depends on portfolio composition and volume, rein- 
surance, time horizon, probability of ruin, and the values of some of the basis parameters. The 
results show that S-28% of premium income is necessary to cover the random fluctuations in 
claim costs. However, statutory requirements should be higher (2543%) to provide reasonable 
protection against inadequate safety loadings. 

SEAL, H.L. “Simulation of the Ruin Potential of Non-life Insurance Companies”. Transactions 
of the Society of Actuaries 21 (1969) 563-590 

A simplified stochastic model of a casualty insurance company consists of two independent and 
unchanging probability distributions. The first of these is the distribution of intervals between 
successive claims, and the second is the distribution of individual claim amounts. Financially, 
the company may be pictured as accumulating a steady flow of risk-loaded premiums in its risk 
reserve and paying claims therefrom at intervals determined by the first distribution and in 
amounts determined by the second. This model was used to run a computer simulation of ten 
randomly chosen companies over a forty year period. All the companies commenced business 
with a fairly substantial risk reserve, but several failed during the period, even though they 
charged theoretically correct pure premiums. Standard experience-rating methods were found to 
be a poor protection against adverse change fluctuations whose cumulative effects were often 
substantial. 

SHARED, I. “Measuring Prospective Probabilities of Insolvency: An Application to the Life 
Insurance Industry”. Journal of Risk and Insurance 52 (1985) 59-80 

The author calculates the probability of failure of several publicly traded life insurers. These 
probabilities am derived by assuming that asset returns are lognotmally distributed and then cal- 
culating the parameters of that distribution for each insuter. As indicated by the findings, most 
life insurers are reasonably safe. However, the distribution of failure probability is skewed, so 
that several life insurers pose a large enough insolvency risk to warrant regulatory attention. In 
addition, the paper examines the sensitivity of insolvency risk to the estimated parameters of the 
basic framework. 18 



B-I-5 

SUGARS. E.G. “A Risk Theoretic Prescription for Regulated Ratemaking”. Journal of Risk and 
Insurance” 39 (1972) 475-478 

The author suggests a method, based on risk theory, for determining a fair rate of return in the 
non-life insurance business. The paper contains the idea that rates should be loaded only enough 
to allow the insurer a fair return on that part of policyholder surplus funds required to run a pru- 
dent insunmm business. 

SUGARS, E.G. “Selected Results from a Risk-Theoretic Simulation of an Insurance Company”. 
Journal of Risk and Insurance 41(1974) 221-228 

The discussion studies the consequences of complying with the one-toone solvency rule as 
opposed to adhering to a 0.001 ruin criterion. In four of the five cases studied the 0.001 criterion 
yields distinctly different consequences for policyholders, shareholders or both. The fifth case 
permits an indefmitely large premium volume with comparable results for both criteria. 

TAPIERO, C.S., ZUCKERMAN, D.. KAHANE, Y. “Optimal Investment-Dividends Policy of 
an Insurance Firm under Regulation”. Scandinavian Actuarial Journal (1983) 65-76 

An insurance decision model including intervention by a regulating agency is defined. The 
insurance &-m’s problem is to establish an investment policy as well as a dividend strategy. 
Regulation is exercised by a minimal barrier policy for cash holding and penalties for violating 
this barrier. The joint Insurance Finn-Regulating Agency problem is discussed by using con- 
cepts from Stackleberg strategies in game theory. As in the classical model of collective risk 
theory it is assumed that premium payments are received deterministically from policyholders at 
a constant rate, while the claim process is compound Poisson. A diffusion approximation is used 
in order to obtain tractable results for a general claim size distribution. 

19 



B - II 

Papers on Projection Simulation Models 



BALZER, L.A., BENJAMIN, S. “Dynamic Response of Insurance Systems with Delayed 
Profit/Loss - Sharing Feedback to Isolated Unpredicted Claims”. Journal of the Institute of 
Actuaries 107 (1980) 513-528 

A mathematical model of the dynamic behaviour of an insurance system with delayed profit/loss 
sharing feedback is developed. The model is then subject to a disturbance input consisting of an 
isolated group of unpredicted claims and the dynamic responses of cash flow and accumulated 
cash flow determined. Increasing &lays are seen to lead first to undesirable oscillatory 
responses and eventually to instability, where the responses become unbounded. Such behaviour 
is noted to be independent of the type of business and to be a property of the feedback mechan- 
ism and not related to the type of disturbance input. 

BALZER, L.A. ‘Control of Insurance Systems with Delayed Profit/Loss - Sharing Feedback 
and Persisting Unpredicted Claims”. Journal of the Institute of Actuaries 109 (1982) 285-316. 

The profit/loss sharing scheme introduced by Balzer & Benjamin (1980) has been subjected to 
further analysis, which gives greater insight into its dynamic behaviour. Under the more 
demanding disturbance of a persisting stream of unpredicted claims, a significant non-zero accu- 
mulated cash flow is found to accrue after steady state conditions ate reached. The dynamic 
behaviour was then investigated using the root-locus technique and improved. The addition of 
integral action was seen to drive the steady state value of the accumulated cash flow to the desir- 
able value of zero. Finally, derivative action was shown conclusively to offer no improvements 
due to the time delay present in the system. 
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B-II-2 

CANADIAN INSTITUTE OF ACTUARIES “A FVimer on Dynamic Solvency Testing”, 1989 

This paper describes in detail the two main steps in the DST process, namely the projection of 
surplus trends, and modeling. The projection component is csrried out as follows: 

(1) calculate historical patterns of actual free sutplus and the corresponding required 
amounts for the most recent three-year period 

(2) project these caiculations forward for five years using best estimates of experience 
and business plans of the company, 

(3) recalculate the five-year projections on a set of 10 prescribed scenarios, each of which 
focuses on a specific single potentially adverse trend in experience, 

(4) recalculate the same five-year projections on additional appropriate combination of 
adverse trends, so as to provide adequate information to management on the hypothet- 
ical, plausible and significant threats to the company’s financial well-being. 

The first scenario tested has the future experience projected based on the best estimates of each 
relevant factor. This is known as the base scenario. Subsequent scenarios rue defined by making 
prescribed changes in the following areas: mortality, morbidity, withdrawals, increasing interest 
rates, decreasing interest rates, level new sales, high new sales, sudden high mortality and morbi- 
dity, increased default rates, expense rates. 

The modeling component of DST involves tbe development of algorithms to simulate future 
events, and the selection of cells, or representative blocks of policies and assets which reflect the 
company’s actual portfolio. One possible modeling technique is the projection of gains (or mar- 
gins) by source. Another possibility is extrapolation in aggregate, meaning that financial state- 
ments are projected by studying recent trends in aggregate data for the product line to be pro- 
jected. The political and economic environment of business must also be considered in the 
modeling process. Finally, the model must be sufficiently flexible to reflect the variability of the 
teal world. 
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B-II-3 

COWITS, S.M., DEW, E.R.F., ROSS, G.A. “A Probabilistic Approach to Assessing the 
Financial Strength of a General Insurance Company”. Transactions of the International 
Congress of Actuaries (1984). 

This paper develops a conceptual framework for measuring the fInaxial strength of a non-life 
insurance company from a supervisor’s point of view; that is, it looks at the financial infonna- 
tion at a point of time and assumes that company ceases trading. However the paper does not 
adopt the conventional approach of looking just at the balance sheet values, but argues that a 
more realistic answer is obtained if projected run-offs for assets and liabiides are modelled The 
framework takes account of not only assets, liabilities, and economic risk, but also acknowledges 
the micro and macro aspects of these. An algorithm is given to arrive at a measure of financial 
strength by employing simulation techniques. This uses the present asset holdings, a probabilis- 
tic model to predict future asset values and investment income together with a set of decision 
rules for investment strategy, and bivariate probability distribution of claim payments by amount 
and time. 

COUITS, SM., DEVI’IT, E.R.F. “The Assessment of the Financial Strength of Insurance Com- 
panies by a Generalized Cash Flow Model”. International Congress on Insurance Solvency I, 
1986. 

The central concept of this paper is that the subject of financial solidity within the insurance 
industry can be dealt with in terms of one integrated model which is applicable to all types of 
insurance oIxrations. The authors believe that the correct way to approach the determination of 
the financial strength of an insurance company is to look in terms of the relationship between the 
projected cash inflows and outtlows. Since the projection of future cashflows cannot lx made 
with cenainty, these streams of future income and outgo must be modelled. Any realistic model 
must take account of the variability inherent in such predictions and a practical way to address 
this problem is through the use of simulation techniques. 

COUTTS, SM., DEW, E.R.F. “Simulation Models and the Management of a Reinsurance 
Company”. Transactions of the International Congress of Actuaries (1988). 

This paper rejects the traditional balance sheet approach to the measurement of solvency and 
capital strength of an insurance company in favour of an emerging costs approach. It discusses 
the particular problems of modeling future cash flows of a reinsurer and suggests solutions for 
some of them. It sets out an algorithm for the measurement of a reinsurer’s capital stmngth and 
summarizes the advantages of the emerging costs approach. 
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B-II-4 

DAYKIN, C.D., BERNSTEIN,G.D., COUTTS, S.M.. DEVITT, E.R., HEY, G.B., REYNOLDS, 
D.I.W. and SMITH. P.D. ‘The Solvency of a General Insurance Company in Terms of Emerg- 
ing Costs”. Astin Bulletin 17 (1987) 85-132. 

The authors challenge the traditional balance sheet concept of solvency of a general insurance 
company and put forward an emerging costs concept which enables the true nature of assets and 
liabilities to be taken into account, including their essential variability. A simulation model is 
used to explore various aspects of the company’s fmancial position. It suggests the need for an 
appropriate asset margin assessed individually for each company. The effectiveness of supervi- 
sion based on the balance sheet and a crude solvency margin is limited. More responsibility 
should be placed on an actuary or other suitably qualified professional to report on the overall 
financial strength of the company, both to management and to supervimy authorities. 

DAYKIN, C.D. “Handling Uncertainty in Examining the Financial Strength of a General 
Insurance Company”. Transactions of the International Congress of Actuaries (1988). 

The traditional balance sheet approach to the assessment of financial strength of a general 
insurance company offers limited scope for exploring the effects of uncertainty. An alternative 
approach is to project the cash flow in future years and to use stochastic models to represent the 
uncertain factors. A model developed along these lines is described and some results presented. 
The wide variation in the risk of ruin according to the precise circumstances of the company 
points to the need for actuarial reports on the financial strength of general insurance companies. 
Simulation models provide a technique which could be used for such reports, enabling the key 
assumptions to be made explicit. 

DAYKIN, C.D., HEY, G.B. “A Management Model of a General Insurance Company Using 
Simulation Techniques”. International Conference on Insurance Solvency II, 1988. 

The accounts of a general insurance company are not drawn up in such a way as to bring out the 
uncertainties involved in making an assessment of a company’s financial strength or of its future 
profit earning capacity. An analysis of the possible emergence of profit in future years, and the 
development of the balance sheet, implies the ability to model the way in which the various 
items in profit and loss account and the balance sheet will behave in uncertain conditions. An 
approach to the analysis of such uncertainty using cash flows, or emerging costs, was described 
by Daykin et al. (1987) as an effective alternative to the traditional balance sheet approach. The 
purpose of this paper is to translate the concepts of the earlier paper into the framework of a 
company assessed as a going concern, where business can be assumed to continue to be written 
for the forseeable future. 
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B-U-S 

DAYKIN, CD., HEY, G.B. “M&ling the operations of a General Insurance Company by 
Simulation”. Journal of the Institute of Actuaries 116 (1989) 639-662. 

A cash flow model is proposed as a way of analyzing uncertainty in the future development of a 
genetal insurance company. The company is modelled alongside the market in aggregate so that 
the impact of changes in premium rates relative to the market can be assessed An extensive 
computer model is developed along these lines, intended for use in practical applications by 
actuaries advising the management of general insurance companies. Simulation methods are 
used to explore the consequences of uncertainty, particularly in regard to inflation and invest- 
ments. Some comments are made on the role of actuaries in general insurance. Alternative 
approaches to &scribing the behaviour of an insurance fum in the market am considered 

DAYKIN, C.D., HEY, G.B. “Managing Uncertainty in a General Insurance Gffice”. Journal of 
Institute of Actuaries 117 (1990) 173-277. 

The authors use the emerging costs paradigm to assess the future financial strength of an 
insurance company. A model is devised which characterizes the pattern of inflows and outflows 
at any time. An important aspect of the model is the variability of future assets, for which 
Wilkie’s results were extensively used. The model was generalized to the situation of a com- 
pany operating as a going concern. The generalized model represents the behaviour of the com- 
pany as it operates in the wider market. It considers premium and investment income, claims 
and expense costs, as well as taxes and dividends. However, reinsurance is not considered. 

DAYKIN, C.D., HEY, G.B. “Applications of a Simulation Model of a General Insurance Com- 
pany”. International Conference on Insurance Solvency III, 1991. 

A simulation model of a general insurance company has already been presented by the authors at 
various stages of its development. In this paper a general description of the model is given and 
some results am presented from using the model to explore a variety of different scenarios. The 
model is based on the emerging costs paradigm. Important features of the business can be taken 
into account in as realistic a way as possible, including tax and dividend payments, as well as 
premium income expenses, claim outgo, investment income, asset values, and investment stra- 
tegy. At a more sophisticated level, appropriate allowance can be made for feedback meehan- 
isms and for interactions between the variables. Uncertainty can be modelled directly. The 
results of some calculations for given distributions are then presented and it is shown that 
government regulation may still be necessary. 
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B-E-6 

DAYKIN, C.D.. BERNSTEIN, G.C.. CGUTTS, SM.. DEVllT, E.R.F.. HEY, G.B.. REY- 
NOLDS, D.I.W., SMITH, P.D. “Assessing the Solvency and Financial Strut@ of a General 
Insurance Company”. Journal of the Institute of Actuaries, 114 (1987) 227-325. 

The authors put forward an emerging costs approach for examining the suungth of a company. 
Simulation is suggested as a means for examining the financial stsungth of a company and 
exploring the impact of alternative scenarios. A particular example of such a simulation model 
is presented and used to explom the resilience of a company’s financial position to variations in 
a wide variety of parameters. The model enables the user to quantify the probability that the 
assets will prove adequate to meet the liabilities with or without an assumption of continuing 
business. ‘Ibis in tum permits an appropriate asset margin to be assessed individually for any 
particular company in the light of the strategy that the company intends to follow. Some of the 
implications of this approach for the management and supervision of general insurance com- 
panies are reported. 

DAYKIN, CD., DEVITI’, E.R.F., KHAN, M.R., McCAUGHAN, J.P. ‘The Solvency of Gen- 
eral Insurance Companies”. Journal of the Institute of Actuaries 111 (1984) 279-336. 

This paper tries to establish a framework for considemtion of solvency of a general insurance 
company, particularly from the point of view of whether a company has adequate resources to 
continue to write business. Attention is focussed on the importance of setting adequate standards 
of prudence for technical reserves. The authors investigate variability as it affects the assets side 
of the balance sheet and conclude that mismatching reserves should be included in the technical 
reserves and that au element of the solvency margin should be required to provide against this 
risk. A conceptual framework is drawn up for setting the line of demarcation between technical 
reserves and the solvency margin. The report concludes with some pointers to a possible reserv- 
ing standard embracing concepts of variability which could form the basis for a more satisfac- 
tory system of reporting technical reserves from the point of view of demonstrating solvency and 
suggests a rational approach to the appropriate level for statutory solvency margins, having 
regard to the natum of the risks and the possible variability of the out-turn. 

FRANCIS, L.A. “A Model for Combining Timing. Interest Rate, and Aggregate Loss Risk”. 
Valuation Issues Special Interest Seminar, Casualty Actuarial Society, 1989.15216. 

Models are developed to simultaneously analyze timing risk, investment teturn uncertainty, and 
aggregate loss variability. These am based on collective risk theory, payment pattern ngres- 
sions, and time series stochastic models for interest rates. An application to the calculation of 
capital requirements for a capture insuring automobile liability is described. A second applica- 
tion is to modelling capital requirements for the medical malpractice line. 
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B-II-7 

GAUTZ, L. “The ASIR Model - An Introduction”. The Geneva Papers on Risk and Insurance 
No. 25 (Oct. 1982) 

This paper describes the development of the ASIB model for simulating insmance and rein- 
sutance operations. ‘llte model can be run either deterministically, or stochastically, depending 
on the application. Next, the model is descriptive rather than optimiig, and uses an accounting 
rather than empirical approach. Two examples of research studies are given, one for the effect of 
inflation on interest rates, and the other concerning fluctuating exchange rates. 

GENTRY. J.A. “Simulation of the Financial Planning Process of P-L Insurers “Journal of Risk 
and Insurance 39 (1972) 383-396. 

The author develops a model that simulates the long mu financing process of property and liabii- 
ity insurance companies. A key variable determined by the model is the rate of return required 
on new investments in order to produce management’s desired earnings per share growth objec- 
tive. Thus, the model links the investment and financing processes of property and liability 
insurance companies and provides decision makers probabilistic oriented information for analyz- 
ing investment alternatives. 

HEY, G.B.. BERNSTEIN, G.D. “Simulating the Cash Flow of a General Insurer”. Transactions 
of the International Congress of Actuaries (1988) 

This paper describes extensive simulation work carried out by the authors for the Solvency 
Working Party of the General Insurance Studies Group of the Institute of Actuaries. The pro 
gram projects the cash flows of an insurer from a given date, beiig the date at which its solvency 
is being investigated to a time in the future when all of its liabilities have been run off. The pm- 
gram can allow for a period during which new business continues to be written. It also allows 
for variations in the claim amounts (in real terms), claim inflation, future investment income, 
asscts charges, tax and dividends. The initial portfolio of assets and liabilities is taken as given. 

NYE, D.J. “A Simulation Analysis of Capital Structure in a Property Insurance Firm”. Huebner 
Foundation Monograph, University of Pennsylvania, 1975 

The purpose of this study was two-fold: first, to measure the effect of capital structure on three 
variables - ruin probability, rate of return on equity, and variability of return; and second, tc 
further the development of quantitative criteria which could be utilized by regulatory officials to 
supervise property insurance companies and by management in the development of long-term 
plans. Using simulation techniques, experiments were performed on two types of firms, one an 
established, ongoing firm, and the other a new firm entering the market. In both cases, firms 
were restricted to automobile insurance. A novel aspect of this study is the use of senior securi- 
ties as a financing device. 
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B-II-8 

PAULSON, A.S., DIXIT, R. “Cash Plow Simulation Models for Premium and Surplus 
Analysis”. International Conference on Insurance Solvency I. 1986 

This paper summarizes some typical results generated from a set of general cash flow simulation 
models which were produced to mimic a statutory insurance company operating in a general 
economic environment. The flows resulting from the underwriting and investment sides of the 
business am tmated in an integrated and dynamic fashion. A large number of economic, 
company-specific, tax-specific, surplus-specific, and other factors am allowed in these models. 
Several nsults concerning the influence of sire of undenvriting firm, combined ratio, variability 
of losses, impairment of capital, and probability of insolvency, are given. 

PENTIKAINBN, T. “A Model of Stochastic-Dynamic Prognosis”. Scandinavian Actuarial Jour- 
nal (1975) 29-53 

The article develops the different phases in the process of managing an insurance business: 

(1) information of the state and past development of the business, 

(2) decisions needed, 

(3) long range planning by means of prognosis, 

(4) business goals, which include: 

(a) solvency, 
(b) maximization of profit or dividends, 

(c) expansion of the business. 

A mathematical model is developed, with most of the ideas drawn from Beard, Pentikainen, 
Pesonen, “Risk Theory”. The author then makes some simplifying assumptions to apply the gen- 
eral model to a specific example. 

PENTIKAINEN, T. “Stochastic-Dynamic Prognosis”. Transactions of the Intcmational 
Congress of Actuaries (1976) 

A model is constructed which descril~.s the state of an insurance company as well as the rules 
for decision making. The future flow of business depends, in addition to the strategy chosen, 
also on stochastic elements such as the amount of claims. It is possible to calculate the limits of 
the state pammeters, fret reserves, premiums, etc. at any future time point by a given probability, 
as well as to evaluate the risk of ruin. Different strategies can be compared in this way and an 
optimal one arrived at. A simple numerical application is given. 

28 



B-B-9 

PENTKAINBN, T. “A Solvency Testing Model-Building Approach for Business Planning”. 
Scandinavian Actuarial Journal (1978) 19-37 

The purpose of this paper is to incorporate stochastic elements into business models using tech- 
niques which have been developed in risk theory for the cvahtation of risk fluctuations. Some 
applications concerning competitive business strategies are presented, This method &lows vari- 
ous goals to be pursued subject to a solvency indicator remaining within predetermined con- 
straints. Some results am given from simulation experiments concctning solvency testing. 

PENTKUNBN, T., BANTALA, J. ‘Evaluation of the Capacity of Risk-Carriers by Means of 
Stochastic-Dynamic Pm8rsmming”. Astin Bulletin 12 (1981) 1-21 

The problem of capacity of risk carriers is treated by means of 
(1) an empirical approach observing actual fluctuations in underwriting gains of insurers, 

(2) a theoretical approach, constructing a stochastic-dynamic model and studying its 
behaviour, especially its sensitivity to numerous background factors. 

The methods of investigation are described and their application is then demonstrated using 
some numerical data. Consideration here is limited to stochastic risks, omitting the fact that the 
solvency of an insurer is also jeopardized by numerous “non-stochastic” risks, such as invest- 
ment failure, etc. 
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PENTKAINEN. T., RANTALA, J. “Solvency of Insurers and Equalization Reserves”. Vol. I 
(General Aspects), Vol. II (Risk Theoretical Model), Insurance Publishing Company Ltd. 1982, 
Helsinki 

This is a research report under the directorship of T. Pentikainen, proposed for the Insurance 
Department of the Ministry of Social Affairs and Health of Finland The following topics are 
discussedz 

Vol. I 

(1) 

(2) 
(3) 

(4) 

(5) 

(6) 
(7) 

Vol. II 

(1) 

(2) 
(3) 

(4) 

(5) 

(6) 
(7) 

solvency politics and background factors, 

empirical data, 

risk-theoretical model, 

solvency ratios, 

solvency margins, 

measuring solvency, 

fluctuation reserve. 

distribution of total claim amount, 

stochastic dynamic model of insurance company, 

analytic treatment of model, 

fluctuation range of solvency margin, minimum safety loadings and solvency test, 

simulation of total claims caused by catastrophes, 

reinsurance, solvency margin and policyholders, 

regulation of equalization reserves of Finnish non-life insurers. 

PENTIRAINEN, T., RANTALA, J. “Run-off Risk as a Part of Claims Fluctuation”. Astin Bul- 
letin 16 (1986) 113-147 

The purpose of this paper is to discuss how the run-off risk could bc incorporated into the stan- 
dard risk theory model as a separate entry, and to find some evaluation of the order of magnitude 
of the extra fluctuation so rendered. At this stage of the research, the impact of parametric esti- 
mation is excluded from consideration. Therefore. the results and numerical examples do not 
describe the total uncertainty of claims or reserves. The authors study both the going-concern 
case, and the break-up case. They also use a simulation technique, which allows for more gen- 
eral assumptions about inflation. 

30 



B-II-11 

PENTXAINEN, T.. PESONEN, M. “Stochastic Dynamic Analysis of Life Insurance”. Transac- 
tions of the International Congress of Actuaries (1988) 

The authors tmat the life insurance business as a stochastic prcccss consisting of the flow of 
entering, developing and terminating cohorts of policies. The exemplified model allows for the 
stochastic fluctuation of mortality, inflation and interest, and the process is controlled by the 
delivery of bonuses and/or dividends according to the simulated financiaJ position. The benefits 
and premiums can be linked to the cost of living index. The model is aimed to be used in 
analyzing solvency conditions and the adequacy of safety loadings that am included in the cslcu- 
lation bases of premiums and reserves. 

PENTKABGN, T., BONSDORFF, H., PESONBN, M.. RANTALA, J., RUOHONEN, M. 
“Insurance Solvency and Financial Strength”. Finnish Insurance Training and Publishing Com- 
pany Ltd., 1989, Helsinki 

This book gives a general survey of the subject matter, and tries to bridge the gap between theory 
and practice i.e. between academicians and practicing actuaries. The book covers the areas of 
risks and effects, including claims, business cycles. premiums, investment return and asset risks, 
expenses, taxes, dividends, and inflation. The authors also discuss public solvency control and 
financial strength as an element in insurance. management. A simulation model is described and 
an explicit example is worked out using this model. The authors also discuss international regu- 
latory issues. The text is self-contained with most of the risk-theoretic analysis following the 
lines of “Risk Theory” by Beard, Pentikainen, E. Pesonen. 

RANTALA, J. “Method for the Analyxing the Effects of Underwriting Risk on the Insurers 
Long-Term Solvency”. International Conference on Insurance Solvency I, 1986 

The aim of this paper is to develop further the ideas put forward in the Finish solvency report 
(Pentikainen. Rantala, 19X2), and to provide a framework for analyzing how the insurers’ sol- 
vency is affected by the underwriting risk. The focus is primarily on long-term relations and 
properties. The insurer is viewed as a filter transforming the claims process, the most important 
outputs being claims reserve, accumulated profit and the future premium rates. Main points of 
interest are the variability of both premiums and accumulated profit and the long term nerd for 
the safety loading where the rating rules am applied. The methods of time series theory and sto- 
chastic control theory are utilized. Also, a practical example is considered 

REYNOLDS, D.I.W., SMITH, P.D. “Changes in the Probability of Insolvency - Results from A 
General Insurance Simulation Model”. Transactions of the International Congress of Actuaries 
(1988) 

A simulation model is used to investigate how the probability of insolvency changes in response 
to random movements in asset values, inflation, claims settlement amounts and claims experi- 
ence on new business. Rates of inflation above expected values cause the greatest increase in the 
chance of insolvency. The authors suggest that investment in index-linked securities would 
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therefore be appropriate for U.K. insurance companies. 

ROY, Y., CUMMINS, J.D. “A Stochastic Simulation Model for Reinsurance Decision Making 
by Ceding Companies”. Strategic Planning and Modeling in Property-Liability Insurance (ed. 
Cummins) 1985. Kluwer-Nijhoff, Boston 

This study develops a prototype model which applies to the fire and earthquake risks of a 
hypothetical company. A computer model is designed to simulate the financial results the com- 
pany would experience under various minsurance arrangements. The model generates the 
company’s probability distributions of net worth and net income under alternative reinsurance 
sttategies, permitting management to select an optimal arrangement by comparing the resulting 
distributions. 

RYAN, J.P. “An Application of Model Office Techniques to the Solvency Question”. Transac- 
tions of the International Congress of Actuaries (1980) 

A computer simulation is described which shows the resulting distribution of solvency margins 
after 5 years for companies making varying levels of profits. The programme enables simulation 
of both claims experience and investment experience. The claims experience allows for stochas- 
tic variation as well as random inflation. The investments are in the form of equities and fixed 
interest. The interest rates are determined relative to the inflation rate, with no random variation. 
However, stock prices are determined using a random walk model. 

RYAN, J.P. “Application of Simulation Techniques to Solvency Testing for a Non-life Office”. 
Transactions of the International Congress of Actuaries (1984) 

The paper outlines a stochastic approach which analyzes the various risks (including investment) 
to solvency. The paper discusses the problem of lack of independence of risk and parameter 
variation over time as well as any correlations between results of different classes of business. 
The paper concludes by showing how such an analysis can bc used to determine capital mquire- 
ments of a company in relation to different business strategies including variations in investment 
policy. 

SEAL, H.L. “Simulation of the Ruin Potential of Non-life Insurance Companies”. Transactions 
of the Society of Actuaries 21 (1969) 563-590 

A simplified stochastic model of a casualty insurance company consists of two independent and 
unchanging probability distributions. The first of these is the distribution of intervals between 
successive claims, and the second is the distribution of individual claim amounts. Financially, 
the company may be pictured as accumulating a steady flow of risk-loaded premiums in its risk 
reserve and paying claims therefrom at intervals determined by the first distribution and in 
amounts determined by the second. This model was used to run a computer simulation of ten 
randomly chosen companies over a forty year period. All the companies commenced business 
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with a fairly substantial risk reserve, but several failed during the period, even though they 
charged theoretically correct pure premiums. Standard experience-rating methods were found to 
be a poor protection against adverse change fluctuations whose cumulative effects were often 
substantial. 

TAPIERO, C.S. “A Dynamic Insurance Firm Model and Dividend Optimization”. Journal of 
Large Scale Systems 9 (1985) 19-33 

The purpose of this paper is twofold. Fit, to formulate a dynamical model of a stock insurance 
firm and, second, to solve the insurance tirm problem (ii terms of its loading factor, 
investment-disinvestment and dividend policies), granted that its objective is (discounted) divi- 
dend maximization. The mathematical problem defmed is a two-states stochastic control pmb- 
lem which is solved and interpreted to yield insights regarding the management of insurance 
fums. 

TRIESCHMANN, J.S., DAVIS, K.R., LEVERETI, E.J. “A Probabilistic Valuation Model for a 
Property-Liability Insurance Agency”. Journal of Risk and Insurance 42 (1975) 289-302 

This model uses Monte Carlo simulation and discounted cash flow analysis. The model allows 
one to look at fluctuating levels of expenses and commissions. The results show that the old rule 
of thumb gross commission method of valuation tends to produce valuations that are too high. 
Sensitivity analysis shows that the most important variables for valuation purposes am number 
of years of upgrading commissions, selling and operating expenses, and persistency of year 
before purchase commissions. The variables that have the least effect are change in accounts 
payable, change in accounts receivable, and rate of inflation. 

VEIT, K.P. ‘The Use of Systems Dynamics Simulation Models for Corporate Long Range Stra- 
tegic Planning”. Transactions of the International Congress of Actuaries (1976) 

The paper contrasts systems dynamics models in general with the more traditional asset share 
and profit mod& with which most North American actuaries are familiar. The major benefits of 
using this type of model are: 

(1) the ability to handle multiple inter-relationships and complex feedback loops where a 
large number of variables are interacting with each other over time, 

(2) the ability to handle variables with largely subjective values, 

(3) the better understanding of how one’s own organization really functions which arises 
out of the model construction process. 

WATERS, H.R. “Some Aspects of Life Assurance Solvency”. International Conference on 
Insurance Solvency I, 1986 
This paper uses a stochastic investment model developed by A.D. Wiie to study in ptobabilis- 
tic terms the investment risk to the solvency of a life assurance company. Two probabilities are 
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considered for a cohort of policies: 

(i) the probability that the premium paid together with investment income and any initial 
nserve will be insufficient to pay for the claims, 

(ii) the probability that at any time during the term of the policies the investment experi- 
ence will have teen sufficiently bad for a valuation to prcduce a deficit. 

These probabilities are studied numerically for different investment strategies. 
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ASHE, F. “Non-Parametric Analysis of Asset-Liibiity Management”. International Conference 
on Insurance Solvency III, 199 1. 

The paper considers the asset-liability management of a major-class of insurance and super 
annuation contracts in Australia by simulating asset ruturns and liability values for discrete time 
periods and for a wide variety of models. The form of the constraints on the natum of the assets, 
on transactions, and on desired outcomes suggests a linear program to solve for the initial asset 
mix, in the simplest case. More complex analyses allow dynamic strategies to be found Partic- 
ular advantages of this approach am the ability to allow for major holdings of option conttacts as 
assets, and to model aspects of managers’ views of assets and liabilities that am hard to capture 
in a formula. 

BORCH, K. “Insurance and the Theory of Asset Prices”. Transactions of the International 
Congress of Actuaries (1980). 

The paper gives an outline of the Asset Price Model. The author gives some examples of how 
this model can be applied in insurance and discusses some of the shortcomings of the model. He 
also presents an alternate model based on exponential utility functions. This model leads to 
loadings proportional to variance and to cumulants of higher order. 

BORCH, K. “A Theory of Insurance Premiums”. The Geneva Papers on Risk and Insurance No. 
10 (July, 1985) 192-208. 

The author presents a model of an insurance market and shows that a full generalization of 
CAPM is fairly simple. He also gives some examples and indicates how the model can be 
applied in practice. He claims that the “actuarial theory of risk” has lost considerable contact 
with economic reality. 

BUTSIC, R.P. “Risk and Return for Property-Casualty Insurers”. Total Return Due a Property- 
Casualty Insurance Company Discussion Paper Program, Casualty Actuarial Society, 1979, 
52-95. 

A study of the relationships between risk and return for property-casualty insurers, using con- 
cepts of the theory of financial economics. 
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CUMMINS, J.D., HARRINGTON, S. “Property-Liability Insurance Rate Regulation: Estima- 
tion of Underwriting Betas Using Quarterly Profit Data”. Journal of Risk and Insurance 52 
(1985) 16-43. 

The tmderwriting beta is an important parameter in the application of financial theory to 
property-liability insurance pricing and rate regulation. This paper presents the results of using 
quarterly profit data to estimate underwriting betas for 14 property-liability insurers. Sensitivity 
of the estimates to alternative model specifications, market return series, and estimation periods 
is examined. The results imply that underwriting betas may have been subject to signficant ins- 
tabiity during the 1970’s. This finding suggests extreme caution if underwrltlng betas are to be 
used to establish fair profit margins in rate regulations. Possible reasons for instability in the 
estimated underwriting betas are discussed. 

CUMMINS, J.D. “Risk Based Premiums for Insurance Guaranty Funds”. International Confer- 
ence on Insurance Solvency I, 1986. 

This article develops premium equations for 3 cases: 

(1) an ongoing insurer with stochastic assets and liabilities, but no additional sources of 
risk, 

(2) an insurer with stochastic assets and liabilities and randomly occming, lognormally 
distributed jumps in liabilities (catastrophes), 

(3) a policy cohort, where the insurer’s liability is gradually reduced as claims are paid. 

These models provide a link between capital market theory and traditional actuarial ruin models. 

CUMMINS, J.D., HARRINGTON, SE. “The Relationship Between Risk and Return: Evidence 
for Property - Liability Insurance Stocks”. Journal of Risk and Insurance 55 (1988) 15-31. 

This paper tests tbe relationship between property-liability insurer stock returns and systematic 
risk, unsystematic risk, and co-skewness during the period 1970-83. The study is motivated by 
the use of CAPM and other fmancial models in insurance rate regulation. Insurance stock return 
patterns are consistent with CAPM during the period 1980-83 but inconsistent with the CAF’M 
during earlier periods. Unsystematic risk is significantly related to returns in some of the equa- 
tions, contrary to the predictions of the CAPM. The results imply that determining the fair rate 
of return solely on the basis of the CAPM may lead to incorrect results. 
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CUMMINS, J.D., DANZCN, P.M. “Price Shocks and Capital Plows in Liability Insurance”. 
International Conference on Insurance Solvency III, 1991 

The authors use an option model of the fir to analyze the firm’s response to a retroactive 
change in expected losses on prior policies that depletes capital, incmases leverage and thereby 
disturbs the firm’s target capital structure. If the target capital structure is to be restoreX& this 
must occur primarily through retained earnings, which teqdres that prices rise temporarily above 
long-run equilibrium levels. Price increases are feasible if firm-level demand is imperfectly 
elastic in the short run, because of information costs facing new entrants and costs to policyhold- 
ers of switching. New equity will not flow in as long as the adequacy of reserves on prior years 
remains uncertain. 

Empirical analysis, using fttm-level data for the period 1980-1988, is generally consistent with 
the theoretical predictions. Safer firms tend to command higher prices in long-run equilibrium, 
but temporary losses of capital from normal long-run levels are associated with price increases. 
The addition of external capital is associated with higher prices, which is consistent with the 
“pecking order” theory, that external capital is more costly to the firm. Loss reserve adjustment 
on prior years is also associated with price increases, as required if a target capital structure is to 
be restored through retained earnings. 

Issues of new capital are positively associated with shocks that leave capital below its long run 
equilibrium level, and with increases in premium rates and premium volume. These finding are 
also consistent with the target capital suuctme hypothesis. 

CUMMINS, J.D. “Statistical and Financial Models of Insurance pricing and the Insurance 
Fi”. Journal of Risk and Insurance 58 (1991) 261-302 

The author tries to reconcile the actuarial and the financial models of insurance, beginning with 
the idea of insurance pricing. He gives a brief background of statistical models of insurance, 
based on risk theory; then he gives a brief background to financial models of insurance, based on 
CAPM. Then he lists five areas where the integration of statistical and financial models would 
be valuable: 

(1) the development of asset/liability management models that take into account more 
sophisticated models of the reserve run-off, 

(2) financial models of reinsurance using option pricing theory, taking into account the 
fact that insurance claims ate non-traded assets, and using probability distributions 
other than the lognormal, 

(3) development of multiperiod option pricing models for long-tail insurance contracts, 
instead of using a funds generating or “L” factors approach to model the claims runoff 
process, 

(4) adaptation of pricing and asset/liability management models to incorporate stochastic 
interest rates, 

(5) endogenization of surplus. 
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DOHERTY, N. “On the Capital Structure of Insurance Firms”. IntemationaI Conference on 
Insurance Solvency I, 1986. 

The author examines the capital structure of property-liability stock insurers. First, it is assumed 
that customers are unable to monitor the financial condition of the fm. Next, he examines the 
capital structure with financial monitoring showing the effect of product demand elasticities and 
cost functions. When time inconsistent incentives are considere& a zero surplus comer solution 
is found to be optimal. The zero surplus capital structure leaves an open question on the 
existence of an insurance market. However, it is then shown that existing regulations may prc- 
mote constrained interior optimal solutions thereby providing an explanation for the presence of 
insurance carriers. Finally, the model predicts that the disttibution of capital structures chosen 
by fiis will be clustered within the constraint. Cross-section evidence is compatible with this 
prediction. 

DOHERTY, N.A., RANG, H.B. “Interest Rates and Insurance Price Cycles”. Journal of Bank- 
ing and Finance 12 (1988) 199-214. 

Properry-liability insurance prices and profit appear to move in a six year cycle. Many industry 
analysts claim that the insurance market is inherently unstable and prices fail to converge on 
clearing levels. The authors have a different explanation. They identify spot equilibrium prices 
using CAPM. But informational, regulatory, and contractual lags preclude instantaneous adjust- 
ment. So they model the temporal movement of prices using a partial adjustment model in which 
actors form rational expectations. The actual movement of insurance prices does seem to track 
closely those estimated by the partial adjustment model. The cycle may be better viewed as a 
series of converging responses to changing spot prices. 

FAIRLEY, W.B. “Investment Income and Profit Margins in Property-Liability Insurance: 
Theory and Empirical Results”. Bell Journal of Economics 10 (1979) 192-210. 

Capital market equilibrium rates of return on equity for property-liability insurers and tmderwrlt- 
ing profit margins by line that are consistent with these are derived by using. the capital asset 
pricing model and measurements of cash flows by line. The profit solutions depend on the cash 
flows and systematic risks of the lines and on tbe yield of risk-free securities. but not on com- 
pany investment portfolios. Recent historical profit margins by line are shown to be much closer 
to the solutions derived than to the traditional profit margin factors routinely included in rate fil- 
ings in almost every state. 
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FELDBLUM, SHOLOM “Risk Loads for Insurers” Proceedings of the Casualty Actuarial 
Society, 77 (lQQO), 160-195. 

Traditional methods of selecting risk loads ate based on some of i) higher moments of the loss 
distribution ii) utility theory iii) the probability of ntin and iv) reinsurance costs. The author 
claims these methods are theoretically unsound. He goes on to suggest the proper approach is 
through modem portfolio theory, in particular application of the Capital Asset Pricing Model. 

FERWRI, J. “A Theotetical Portfolio Selection Approach for Insuring Property and Liability 
Lines”. Proceedings of the Casualty Actuarial Society, (1990), 33-69. 

Portfolio selection theory, as developed by Markowiu for selection of investments, is applied to 
suggest the theoretical, optimal diversification of lines of insurance written by property and lia- 
bility insurance companies. 

FIELDS, J.A., VENEZIAN, E.C. “Interest Rates and Profit Cycles: A Disaggregated 
Approach”. Journal of Risk and Insurance 56 (1989) 312-319 

The authors redefine the nature of the returns that are studied and conclude that disaggregated 
models with interest rate terms perform better than simple autoregressive models in explaining 
the behaviour of profits. 

GARVEN, J.R. “On the Application of Finance Theory to the Insurance Fin-m”. International 
Conference on Insurance Solvency I, 1986. 

The author applies financial theory to the question of insurance solvency. He analyzes optimal 
capital decisions in the context of an unregulated insurance market. This analysis suggests that, 
even in an unregulated market, insurers would voluntarily limit their premium-capital ratios in 
an effort to economize on contracting costs. Fmthermore, mutual insurers are likely (all other 
things being equal) to be less highly levered than insurers organixed as stock corporations. 

HAMMOND, J.D., MELANDER, E.R., SHILLING, N. Risk, Return, and the Capital Market”. 
Journal of Financial and Quantitative Analysis 11 (1976) 115-131 

The authors studied the investment results of a sample of property-liability insurers. The 
analysis shows that insurer investment performance parallels that of other investors: greater 
returns ate associated with greater variability. However, with the acquisition of higher levels of 
investment, risk insmers generally reduce the level of underwriting risk which is undertaken. 
Thus, management attempts to keep ruin probabilities within some undefinable but clearly 
present limits. In the process of trading off between investment and underwriting risk, a higher 
rate of return to net worth is sacrificed. 
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HAMMOND, J.D., SHILLING, N. “Some Relationships of Portfolio Theory to the Regulation 
of Insurer Solidity”. Journal of Risk and Insurance 45 (1978) 377-400 

Underwriting risk and return data for a sample of both established and known high-risk insurers 
are examined in relation to actual and estimated maximum ratios of ptemium to surplus. Risks 
of ruin associated with these ratios are part of the analysis. Efficient tmderwriting frontiers for 
the industry and two sample insurers are presented- Limitations of the theory’s application are 
noted. Its principal contributions to solidity regulation ate to generate underwriting risk and 
return data in an integrated frame of reference and to generate information to supplement regula- 
tory judgments about insurer solidity. 

HAUGEN, R.A., KRONCKE, C.O. “Optimizing the Snucture of Capital Claims and Assets of a 
Stock Insurance Company”. Journal of Risk and Insurance 37 (1970) 41-48 

This paper presents a technique to aid management in optimizing the portfolios of claims and 
investments and the degree of leverage in the capital structure. To invest capital optimally, 
management must measure capital costs and investment mtum accurately and be able to relate 
the risk-return characteristics of the array of capital claims to each other as well as to its portfolio 
of assets. 

HILL, R.D., MODIGLIANI, F. “The Massachusetts Model of Profit Regulation in Non-life 
Insurance: An Appraisal and Extensions”. Fair Rate of Return in Property Liability Insurance 
(ed. Cummins, Harrington) 1987, Kluwer-Nijhoff, Boston 

This is an appraisal of the Fairly model of insurance pricing. There are two principal advantages 
of the Fairley model: 

(1) it relies on current yields available to investors, 

(2) it is the only one that provides a quantifiable measure of underwriting risk. However, 
the model is based on the CAPM, which has been faulted on a number of grounds. 
However, the fact remains that the CAPM is attractive because of its potential testa- 
bility. 

HILL, R.D. ‘Profit Regulation in Property-Liability Insurance”. Bell Journal of Economics 10 
(1979) 172-191 

This article uses the capital asset pricing model to determine the competitive insurance premium 
and profit rate. Fair profit rates for real lines of insurance are then calculated and compared with 
actual profit rates. The comparison suggests that rule-of-thumb profit rates used in regulation lie 
above the level that would occur in a competitive insurance market. 
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HOYT, R.E., TRJESCHMANN, J.S. “Risk/Return Relationships for Life-Health, Property- 
Liability and Diversified Insurers”. Journal of Risk and Insurance 58 (1991) 322-330 

The authors do a risk/mtmn analysis using both mean-variance and CAPM approaches. Both 
accounting and market data are used to measure profitability. The results show that, for the 
years 1973-1987, investment in individual life-health and property-liability insurers was better 
than investment in diversified insurers. Evidence also indicates that accounting measures of pm- 
fitability may be poor proxies for market performance. 

KAHANE, Y. ‘Determination of the Product Mix and the Business Policy of an Insurance Com- 
pany - A Portfolio Approach”. Management Science 23 (1977) 1060-1069 

The author sets out a model which simultaneously determines the optimal composition of the 
insurance and investment portfolios of an insurance company using Sharpe’s Single-Index Tech- 
nique. This method takes into account both risks and rates of return to determine the best mix of 
product lines for a firm to offer. 

KAHANE, Y., NYE, D. “A Portfolio Approach to the Property-Liability Insurance Industry”. 
Journal of Risk and Insurance 42 (1975) 579-598 

This paper contains an analysis of a portfolio model which simultaneously optimizes the invest- 
ment and insurance portfolios of the property-liability insurance industry. The mathematical for- 
mulation is an extension of earlier approaches in that it permits the direct development of the 
envelope efficiency frontier for all levels of insurance coverage. Using data on nineteen 
insurance lines and two types of assets for the period 19561971, efficient portfolios for both 
constrained and unconstrained solutions are obtained. In each case, some insurance lines tend to 
be consistently excluded from the optimal portfolios because of their risk-return characteristics. 
The implications of this effect on the availability of insurance and ratemaking are discussed. 
Finally, in contrast to accepted practice and theory it is found that the investment policy of the 
firm need not necessarily become more conservative as the insurance portfolio becomes more 
liSky. 

KAHANE, Y., TAPIERO, C.S., JACQUES, L. “Concepts and Trends in the Study of Insurers’ 
Solvency”. International Conference on Insurance Solvency I, 1986 

This paper emphasizes the micro-economic and financial aspects of insurance insolvency. The 
classical approach to ruin is reviewed to provide a continuous-state stochastic approach to valua- 
tions of the asset-liability paradigm. Solvency is analyzed in analogy to the fmancial leverge 
problem, as well as being a problem of information exchange and incentives in a “game”. 
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KROUSE, C.G. “Portfolio Balancing Corporate Assets and Liabilities with Special Application 
to Insurance Management”. Journal of Financial and Quantitative Analysis 5 (1970) 77-105 

‘Ibis paper considers the simultaneous selection of invesunents. undenvriting lines, and capital 
!%ancing to form efficient mean-variance corpomm portfolios. The analysis is dimcted toward 
development of decision rules for use in structuring the iinn’s business in terms of its balance 
sheet. The intent is to specify optimal target levels for balance sheet accounts consistent with 
broad copxate goals, especially in view of the various interrelationships among these 
“separate” accounts and consequently, without the suboptimization inherent when considering 
the pmperties of each in isolation. The model for unifying these principal, and traditionally 
disparate, insurance management activities involves only an extension of conventional mean- 
variance portfolio techniques to include proper specification of: 

(1) conservation equations balancing the firm’s sources and uses of funds. 
(2) constraints setting legal, market, and hlSiiNtiOnd restrictions on these sources and 

WCS. 

LAUNIE, J.J. “The Cost of Capital of Insurance Companies”. Journal of Risk and Insurance 38 
(1971) 263-268 

This article shows that the accounting data contained in an insurance company balance sheet can 
be construed in a conventional cost of capital framework. The funds which are generated 
through the medium of the insurance operation such as the loss reserve and the unearned prem- 
ium reserve in a property-liability company are considered as “quasi-debt”. The loss on opera- 
tions is one portion of their imputed cost. The consuaints which state insurance regulations 
place upon the portfolio of an insurer represent another element of imputed cost. While estima- 
tion of the cost of equity capital of an insurance enterprise differs little from its industrial coun- 
terpart, the imputed cost of “quasi-debt” is difficult to quantify. 

LEE, C.F., FORBES, S.W. “Dividend Policy, Equity Value, and Cost of Capital Estimates for 
the Property and Liability Insurance Industry”. Journal of Risk and Insurance 47 (1980) 205222 

Based upon the corporate fmance theory and concept, possible impacts of dividend policy on the 
market value of equity for the property and liability insurance industry are theoretically and 
empirically investigated. The finding is that some effects of dividend policy on the market value 
of equity exist in the property and liability insurance industry, In addition, alternative methods 
for estimating cost of capital also are empirically applied to the property and liability insurance 
industry. 
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MCCABE, G.M., WI’IT, R.C. “Insurer Optimizing Behaviour and Capital Market Equilibrium”. 
Journal of Risk and Insurance 44 (1977) 447-467 

This paper develops a financial model of a non-life insurer selliig in a monopolistically competi- 
tive market. Optimal values of pricing and claims settlement policy are found simultaneously 
when profits are maximized- The necessary conditions for equilibrium and stability in the model 
and the sensitivity of the optimal decision variables to changes in parameters of the model are 
also analyzed The implications of the model are assessed for capital market quilibrium and for 
the equilibrium market price per share of insurer’s stock 

MYERS, S.C., COHN, R.A. “A Discounted Cash Flow Approach to Property-Liability 
Insurance Regulation”. Fair Rate of Return in Property Liability Insurance (ed. Cummins, Har- 
rington) 1987, Kluwer-Nijhoff, Boston 

This paper discusses the difficulties in calculating the discount rate from the CAPM, which 
requires that the beta of the insurance policy be measured. Measuring the betas can be extremely 
difficult, for several reasons: 

(1) portfolio composition varies widely from company to company and over time, 

(2) random error in measuring beta for common stocks, 

(3) insurance companies which have investments outside the insurance industry, 
(4) the beta values vary widely for different lines of insurance. 

QUIRIN, G.D., WATERS, W.R. “Market Efficiency and the Cost of Capital: The Strange Case 
of Fire and Casualty Insurance Companies”. Journal of Finance 30 (1975) 427-450 

The authors Studied a sample of 25 Canadian insurance companies from 1961-1971. The results 
show that these companies earned rates of return in excess of that predicted by me Capital Asset 
Pricing Model. The authors’ preferred explanation is that “risk of ruin” is a thii argument (in 
addition to expected rate of return and variance) in the utility functions of company manage- 
ment. The authors believe that the rationale for this lies in the fact that insurance companies am 
subject to regulatory constraints which may tender them technically insolvent even though poli- 
cyholders’ surplus has not been fully exhausted. 
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REID, D.H. “Solvency: The Expression of the Relationship Between Capital and Insurance 
Markets”. Transactions of the International Congress of Actuaries (1984) 

This paper is concerned essentially with non-life insurance business and the following questions: 

(1) how do the requirements of the stock market translate into objectives at line or 
underwriting level in the insurance market? 

(2) is it possible to measure the extent to which retums available in the insurance market 
satisfy, in principle. the trading needs of a quoted insurance company? 

By studying a model of U.K. insurance business, it is found that the insurance aspects relevant to 
reasonable corporate objectives am characterized by the growth/profitability relationship avail- 
able in the insurance market, and that this relationship is sufficient, under the assumption of the 
model, to determine progress toward certain specified objectives. 

SCOTT, J.H. “A Theory of Optimal Capital Structure”. Bell Journal of Economics 7 (1976) 
33-54 

This paper presents a multiperiod model of firm valuation derived under the assumptions that 
bankruptcy is possible and that secondary markets for assets are imperfect. Given the assump- 
tion that the probability of bankruptcy is zero, the model is formally identical to that proposed by 
Modigliani and Miller. Under plausible conditions the model implies a unique optimal capital 
structure. Comparative statics analysis is used to obtain a number of testable hypotheses which 
specify the parameters on which optimal financial policy depends. Implications for the debt pol- 
icy of the regulated tinn are also considered. 

STAKING, K.B., BABBEL, D.F. “Interest Rate Sensitivity and the Value of Surplus in the 
Property-Liability Insurance Industry”. International Conference on Insurance SoIvency III, 
1991 

The relationship between leverage, interest rate risk and fii value is investigated in the 
property-liability insurance industry. The market reward for financial structure measured using 
Tobins 4, the ratio of market value to replacement value of surplus is found to be related to a 
firm’s choice of financial structure. Firm value at first increases with leverage but then declines 
at higher levels of leverage. Interest rate risk has the opposite effect. Insurer value declines with 
interest rate risk, but there is some evidence that high levels of interest rate risk are associated 
with increased value. These results support theories on leverage and interest rate risk for finan- 
cial intermediaries. 
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TAPJERO, C.S., ZUCKERMAN, D., KAHANE, Y. “Optimal Investment-Dividends Policy of 
an htsmance Fii under Regulation”. Scandinavian Actuarial Journal (1983) 65-76 

An insuxance decision model including intervention by a regulating agency is deftned. The 
insurance fum’s problem is to establish an investment policy as well as a dividend strategy. 
Regulation is exercised by a minimal barrier policy for cash holding and penalties for violating 
this barrier. The joint Insurance Firm-Regulating Agency problem is discussed by using con- 
cepts f?om StackJeberg strategies in game theory. As in the classical model of collective risk 
theory it is assumed that premium payments are received deterministicaJly from policyholders at 
a constant rate, while the claim process is compound Poisson. A diffusion approximation is used 
in order to obtain tractable results for a general claim sire distribution. 

TURNER, A.L. “Jnsurance in an Equilibrium Asset Ricing Model”. Fair Rate of Return in 
Property-Liability Insurance (ed. Cummins, Hanington) 1987, Kluwer-Nijhoff, Boston 

This paper develops a theory of insurance markets in response to real-asset risks. Once 
insurance is added to the general economy, the value of any asset is the present value of the 
certainty-equivalent cash flows on the asset. However, this does not mean that the price 
mechanism is independent of individual risks. In fact, for very generally defined individual risks 
(i.e. not necessarily independent), the individual risks in the economy are involved in pricing 
every asset. For the special case of independent individual risks, the main previous results am 
preserved. 

VENEZIAN, E.C. “Jnsurer Capital Needs Under Parameter Uncertainty”. Journal of Risk and 
Insurance 50 (1983) 19-32 

With uncertainty in the parameters, the safety capital must be defined in terms of a desire to 
meet a solvency criterion with a given reliability. Using such a definition, the effect of pooling 
risks on the financial efficiency depends on the characteristics of the uncertainty. If the variance 
in the estimates declines as the inverse of the number of policies on which information is avail- 
able, the elasticity of capital per risk with respect to risks pooled is basically the same as with 
known parameters. If the uncertainty is independent of the number of risks in the data base, the 
elasticity declines with the sixe of the insurer. The elasticity of capital per risk with respect to 
the number of risks on which information is available declines as the ratio of relevant data on 
past losses to insured risk increases. If the variance in the estimates is independent of the data on 
the losses, pooling loss information has no effect on financial efficiency. 



B-III-12 

VENEZIAN, E.C. “Effect of Serially Autocorrelated Profit Margins on the Solvency of Insur- 
ers”. International Conference on Insurance Solvency II, 1988 

The determination of profit margins using modem financial methods has been discussed by a 
number of authors. The analysis has always been based on the requirements of competitive 
equilibrium in financial markets. The work has never continued to establish other essential ele- 
ments, specifically the implications for solvency of the calculated rates. This paper assesses the 
impact of equilibtium rates on the solvency of insurers. Two measures of solvency are used, the 
probability of remaining solvent, and the present value of the future net worth discounted at the 
rate appropriate under the Capital Asset Pricing Model. The second measute, assessed when the 
insurer pays no dividends, is termed the capacity ratio. The paper explores these margins of sol- 
vency as a function of the serial autocorrelation of tbe profit margins. Autocorrelation has a pro- 
found effect on solvency. Strong autocorrelation, such as that found for industry-wide margins, 
may improve the probability of remaining solvent, but reduces the capacity ratio. 

von ELlE, J.H. “The Value of Ceded Reinsurance”. International Conference on Insurance Sol- 
vency II, 1988 

While actuaries consider ceded reinsurance to be valuable because of its positive impact on sol- 
vency, financial economists frequently contest the value of the reinsurance to the shareholders of 
a primaty insurance company. This paper presents an integration of these views. It is shown 
that, under traditional premium calculation principles, reinsurance cessions may improve stcck- 
holders’ wealth if: 

1. improvements in solvency increase the expected future cash flows, 

2. systematic risk is reduced. 

Actuarial concepts lie “the normal power approximation” and “structure variation” are used. 
The economic theory is illustrated with results of a reinsurance optimizing routine. 
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von EUE. J.H. “Solvency Margins and the Optimal Amount of Equity in Insmance Companies”. 
Jntemational Conference on Insurance Solvency IJ& 1991 

In 1985, Botch used the value of a company to its owners as a criterion on offering insurance 
cover. He showed that the additional equity invested will incmaae the value of the company. 
The maximum value will be found if company value equals the amount of equity invested in the 
company. Both value and equity are, however, measumd in monetary terms. The investment of 
an additional unit of equity is therefore only considered ifit creates at least one additional unit of 
company value. Maximizing the value of the company will - within a certain range - however 
result into negative monetary returns on equity invested. Therefore, instead of maximizing the 
value of the company, owners will be induced to maximize the amount of goodwill, which is the 
difference between company value and equity invested. According to Botch, the government 
would not need to set solvency margins, because the strive for company value would reduce the 
probability of ruin. Jf, however, shareholders maximize goodwill, solvency regulations may still 
be needed in order to protect the clients. The author first summarizes the ideas of Borch. Then 
he discusses the optimizing criterion used and tries to show why rational investors will maximize 
company goodwill and not company value. The results of some calculations for given disu-ibu- 
dons are then presented and it is shown that government regulations may still be necessary. 
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Papers on Loss Reserving 
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ARATA, D.A. “Loss Reserving for Solvency”. FYoce&ngs of the Casualty Actuarial Society 
70 (1983) I-21. 

The author discusses the role of loss-reserving in protecting a casualty insurer’s solvency, specif- 
ically the fact that loss reserving plays a different role in different sized companies. He states 
that most small firms do not choose loss reserving policies appropriate to their specific type of 
capitalization. This paper gives an example of how a small company can improve its capital 
structure by appropriate loss nserving policies. 

ASHE, F. “An Essay at Measuring the Variance of Estimates of Outstanding Claim Payments”. 
Astin Bulletin 16, S (19X6), 99-113 

This paper examines the variance of statistical elements of outstanding claim payments for 
long-tailed general insurance portfolios. The variance’s three components are discussed. As 
there is no accepted technique for measuring this variance, three methods ate investigated empir- 
ically for its measurement - a parametric method, the jackknife method, and the bootstrap 
method. No method stands out as superior to the others and it is recommended that all three be 
evaluated and used to gauge the possible errors in the estimation of outstanding claims. 

BENJAMIN, S. “Solvency and Profitability in Insurance”. Transactions of the International 
Congress of Actuaries (1980). 

This paper gives reasons why the actuarial profession should beware of discussing the financial 
position of an insurance company (a) within the conceptual framework of GAAP as used for life 
insurance companies in the U.S.A., and (b) within the conceptual framework of conventional 
accounting throughout the world for non-life companies. The paper argues that the conventional 
split between (i) technical provisions (reserves) and (ii) tbe free assets forming the solvency mar- 
gin is false. Hence the practice whereby (i) is estimated without regard to the arbitrary level of 
(ii) which is set by the control authorities, should be unacceptable to the actuarial profession. 

The paper argues that tbe traditional actuarial approach to cautious reserves in life insurance 
without arbitrary external solvency margins gives an acceptable conceptual framework for both 
life and non-life insurance accounts, and is consistent with good supervision in a free competi- 
tive market. A simple method of assessing the strength of an insurance company, based on past 
loss-ratios is suggested in an Appendix. 
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I BLJTSIC, R.P.. ‘Determining the Proper Interest Rate for Loss Reserve Discounting: An 
Economic Approach”. Evaluating Insurance Company Liabilities Discussion Paper Program, 
Casualty Actuarial Society, 1988,147-188. 

The discount rate for loss reserves should be the rlskless yield mte (for government bonds) less 
risk adjustment. The adjustment reflects the degree of risk present in tbe outstanding reserve. 
Analysis of industry data over a 15year period, using an industry pricing model, leads to esti- 
mates for the risk adjustment. 

BUTIC, R.P. “The Effect of Inflation on Losses and Remitmrs for Property-Liability Insurers”, 
Inflation Implications for Property-Casualty Insurance. Discussion Paper Program, Casualty 
Actuarial Society, 1981,58-109. 

A thorough discussion of the effect of inflation on losses, loss reserves, and discounting. The 
effects of inflation am mitigated by taking investment income into account. More stable esti- 
mates of true liabilities may be obtained ifloss reserves am discounted. 

BYRNES, J.F. “A Survey of the Relationship Between Claims Reserves and Solvency Mar- 
gins”. Insurance Mathematics and Economics 5 (1986) 3-29. 

The extent to which the valuation of claims reserves for regulatory pm-poses is influenced by the 
existence of solvency margins is necessarily an administrative and legal problem rather than 
actuarial, However, actuarial concerns are considemd and this paper compares various 
approaches to the solvency margin that were curtent when the Australian supervising legislation 
was developed. If any of them were actually consulted then it would appear that the Australian 
solvency margin is not to provide a buffer on claims reserves, which must be provided 
separately. Moreover it was a relatively stringent margin. The paper further explains how it 
came to be further tightened. 

DAYKJN, C. “The Development of Concepts of Adequacy and Solvency in Non-life Insurance 
in the EEC”. Transactions of the International Congress of Actuaries (1984). 

This paper traces the development of requirements for minimum solvency margins in non-life 
insurance in the EEC, starting with work caused out under the auspices of OECD by Professor 
Campagne. It considers the relationship between the explicit solvency margin and what is 
understood to be covered by the technical reserves, the rationale for an explicit solvency margin 
and the origins of the particular level of solvency margin chosen. The paper concludes with 
some thoughts on a rational framework for defining technical reserves and an appropriate 
corresponding solvency requirement. 
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DE JONG, P., ZEHNWIRTH, B. “Claims Reserving, State-Space Models and the Kalman 
Filter”. Journal of the Institute of Actuaries 110 (1982) 157-182 

This paper describes a consistent and justifiable means of establishing adequate claims provi- 
sions in general insutance. The author discusses the claims reserving problem as well as the 
general state-space framework and Kalman filter. A suitable state space model is then developed 
for the claims reserving context. This approach emphasizes the forecasting nature of the claims 
reserving problem and takes advantage of the fact that the Kahnan filter is a “real-time” device: 
every new observation leads to a simple update of existing estimates without needing to keep 
track of all previous information. The method is illustrated using a simple example taken from 
the experience of a U.K. general insurer from 1970-1974. Finally, the issue of forecasting 
future payments is described. 

FINSINGER, J., PAULY, M. “Reserve Levels and Reserve Requirements for Profit Maximizing 
Insurance Firms”. Risk and Capital (ed. Bamberg, Sprcmann) 1983, Springer-Verlag. Heidel- 
bws 

The authors study the conditions that determine the level of reserves that a company would hold 
in the absence of regulation. In the case where there is no covariance of firm risk with market 
return, agency costs are small, and fixed costs moderate, then regulation is probably unneces- 
sary. In other cases, however, there is a social gain to be had from regulation. 

GRACE, E.V. “Property-Liability Insurer Reserve Errors: A Theoretical and Empirical 
Analysis”. Journal of Risk and Insurance 57 (1990) 28-46 

This article formulates hypotheses concerning property-liability insurer use of reserving errors 
from 1966 to 1979. A general theory is developed in which an insurer maximizes discounted 
cash flow subject to estimation errors and income smoothing constraints. Empirical tests suggest 
that the theory appears to be consistent with insurer behaviour. Prior to 1972, reserving practices 
aided in reduction of tax bills subject to uncertain future claims costs. From 1972 to 1979, the 
causes of reserve errors appear to have altered somewhat. Reserve errors in the 1970’s am 
related to taxable income and smoothing, as well as inflation rate changes. 

GREELY, C., LEFF, H.B. “Reserves and Solvency in a Fluctuating Interest Rate Environment” 
Transactions of the International Congress of Actuaries (1984) 

The paper reviews tbe evolution in laws and regulation that occurred in the U.S. in the 1970’s 
and early 1980’s. The authors stress the need for new approaches to the determination of reserve 
levels. It is no longer sufficient for the actuary to consider only the liabilities of the company. 
Instead, account must be taken of outside economic and other forces that give rise to present and 
future market value losses. 
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Reserves”. Proceedings of the Casualty Actuarial Society, 76 (1989), 77-110. 

The elements of collective risk theory are introduced with references to the recent IiteraNre. 
Application is made to the distribution of IBNR reserves. Higher moments of tiis distribution 
give an indication of the variability in the reserves. 

PANJBR, H.H., BROWN, R.L. “An Analysis of Loss Reserves in Canada”. hStiNte of 
Insurance and Pension Research, Report MO-07, University of Waterloo, 1990. 

This paper investigates the accuracy of loss nserves. Estimates ma& from 1975-1983 by Cana- 
dian property and casualty insuters were compared with rest&s five years later. The variation of 
results is analyzed based on: size of company, domestic versus foreign companies, direct insur- 
ers versus reinsurers, year and company. The ultimate purpose is to provide an estimate of the 
amount of variability which cilNot be explained by the listed factors. The resulting amount of 
variability gives an indication of the amount required for a provision for adverse deviation 
(pm. 

The authors discovered significant effects that have influenced the direction of the 
excess/deficiency of the loss reserves in the past. These effects were extracted and left a residual 
variation of about 35% of the original variation. This residual variation represents the degree of 
inherent instability of reserves of an individual company under the assumption that reserves ate 
unbiased estimates of outstanding claims. The analysis showed that about half of the total varia- 
tion was due to the tendency of individual companies to consistently under-reserve or con- 
sistenly over-reserve. 

PENTIKAJNBN, T., RANTALA, J. “Runoff Risk as a Part of Claims Fluctuation”. Astin Bul- 
letin 16 (1986) 113-147 

The purpose of this paper is to discuss how the run-off risk could be incorporated into the stan- 
dard risk theory model as a separate entry, and to find some evaluation of the order of magnitude 

of the extra fluctuation so rendered. At this stage of the research, the impact of parametric esti- 
mation is excluded from consideration. Therefom, the results and numerical examples do not 
describe the total uncertainty of claims or reserves. The authors study both the going-concern 
case, and the break-up case. They also use a simulation technique, which allows for more gen- 
eral assumptions about inflation. 
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PLYMEN, J. “Protitability and Reserve Strength of Non-life Insurers”. Transactions of the 
International Congress of Actuaries (1976) 

The author analyzed the accounts of the seven leading British world-wide insurance companies 
studying from their combined results, the average profitability of the fm and accident business, 
the suength of the free reserves, and the contribution to profits from interest on investments. 
The study shows that premiums gained 27 times between 1936-1973, but resetves only 11 times 
and dividends 8 times. Hence the growth of shareholders’ dividends lagged behind the growth 
of premium income. lhe author uses a financial model to show how a company could operate 
successfully with lower reserve levels. 

SOGN, E.T. “Aspects of Solvency Consideration in Non-life Insurance”. Transactions of the 
International Congress of Actuaries (1984) 

This paper gives some background for the solvency control project in Norway, initiated in 1982. 
Its working party was appointed with the task of setting rules for the technical reserves, and also 
asked what general capital requirements should be imposed upon non-life companies. Only the 
first task is treated in this paper. The author discusses different aspects to be covered in such a 
work and also outlines general principles for further development. 

VAN SLYKE, O.E. “Regulatory Standards for Reserves”. Financial Analysis of Insurance 
Companies Discussion Paper Program, Casualty Actuarial Society, 1987,368-421 

A reserving method is proposed which reflects the risk associated with possible eventual claim 
payments as well as with the expected value of those claim payments. The method involves con- 
sideration of a variety of possible future scenarios and an application of utility theory. 

VENEZIAN, EC. “Effect of Reserve Smoothing on Solvency and Financial Performance When 
Profit Margins are Serially Autocorrelated”. International Conference on Insurance Solvency III, 
1991 

This paper uses simulation methods to determine the effect on solvency when management bases 
the relation between premiums and net worth on estimates of net worth that are derived from 
smoothed values of the reserves for unpaid losses. Two measures of solvency are used, the pro- 
bability of remaining solvent and capacity ratio which is the present value of the future net worth 
discounted at the rate appropriate under the Capital Asset Pricing Model assuming the insurer 
pays no dividends. Tbe extent of smoothing has a strong effect on solvency, especially at large 
values of the ratio of premiums to net worth. Except in extreme cases smoothing increases the 
probability of remaining solvent over long periods of time and also increases the expected value 
of the capacity ratio. At ratios of premiums to net worth of five or six the effect is strong enough 
that the natural selection of companies that smooth results would, over a century or so, lead to a 
market dominated by smoothers. At lower ratios the effect is perceptible but not strong enough 
to affect the market composition over the course of one century. 
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Papers on Statistical Methods 

55 



AMBROSE, J.M., SEWARD, J.A. “Best’s Ratings , Financial Ratios and Prior Probabilities in 
Insolvency Prediction.” Journal of Risk and Insurance 55 (1988) 229-244. 

The authors used multivariate linear discriminant functions to compare the insolvency prediction 
abilities of Best’s ratings, sets of financial ratios, and a two-stage prior probability approach. It 
was found that the performances of Best’s ratings and financial ratios were statistically 
equivalent. The twostage technique outperformed the others in identifying insolvent Erms but 
misclassified a higher proportion of solvent firms. The paper concludes that Best’s rating 
method is valid, but prediction capability could be improved with a two-stage approach. The 
prior probabilities from a Best’s ratings analysis could be calculated from the population of all 
rated insurers. 

ALTMAN, E.I. “Cotporate Financial Distress - A Compute Guide to Predicting, Avoiding, and 
Dealing with Bankruptcy”, John Wiley & Sons, New York, 1983 

ALTMAN, E.I. The Success of Business Failure Prediction Models, Journal of Banking and 
Finance, No. 8, 1984, 171-198 

ALTMAN, E.I. “The Prediction of Corporate Banlnuptcy - A Discriminant Analysis”, Garland 
Publishing 1988 

ARTHUR D. LITILE. “Studies on the Profitability, Industrial Structum, Finance and Solvency 
of the Property and Liability Insurance Industry”. Publication #71948,1970. 

This paper, written by Irving Plotkin, Senior Economist at ADL, reviews, updates, and extends 
his original work on profitability. It discusses the criticisms of his study offered by various 
authors. It also discusses some of the legislative/regulatory history of his studies, and extends 
his work to cover the effect of premium - surplus ratios on profitability, investor risk, insolvency 
and capital attraction. The results of these investigations were used in the (then) recently com- 
pleted New Jersey rate case. 
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BAR-NIV, R., HERSHBARGER, R.A. “Classifying Pinancial Distmss in the Life Insurance 
Industry”. International conference on Insurance Solvency II, 1988 

The scope of this paper is to review the financial operations of life insurance companies in order 
to detect variables which will be helpful in identifying potential insolvencies. Three multivariate 
analyses are used in this paper: Multidiscriminant Analysis (MDA), nonparametric analysis, and 
a logit analysis. The NAIC-IRIS tests the decomposition measures and other financial ratios are 
found to be accurate measures for classifying failures in a multivariate framework one and two 
years prior to insolvency. The analyses corrtxtly classify between 82 and 91 percent of the life 
imuance companies one and two years prior to insolvency. Cross-sectional validation on 31 
publicly traded life insurers indicates that these large insurers are relatively safe. All these life 
insurers are correctly classified as solvent companies. However, further analyses of these 
models and a prospective probability model indicate that more than one multivariate analysis 
may be required for measuring the probability of failure. 

BECKMAN, R.W., TRBMBLLING, R.N. “The Relationship Between Net Premium Written and 
Policyholders’ Surplus”. Proceedings of the Casualty Actuarial Society 59 (1972) 203-220. 

The authors make the following arguments based on the stock insurance industry premium- 
surplus ratio for the period 1928-1970: 

(1) the stock market is the major factor affecting policyholders’ surplus and the 
pmmium-surplus ratio. 

(2) the premium-surplus ratio measures the leverage of an insurance company and so the 
stockholders should prefer a higher ratio, but from the policyholders’ viewpoint, this 
ratio is an indication of the strength of the insurer and thus a lower ratio indicates a 
more heavily capitalized and “stronger” insurer. 

(3) the net premium written - policyholders’ surplus ratio is distorted because policyhold- 
ers’ surplus has been overstated. 

BEENSTOCK, M., DICKINSON, G., KHAJURIA, S. “The Relationship Between Property- 
Liability Insurance Premiums and Income: An International Analysis”. Journal of Risk and 
Insurance 55 (1988) 259-272 

Annual cross-section data for 12 industrialized countries observed over 1970-1981 am pooled in 
an econometric investigation of the relationship between income and spending on property- 
liability insurance. A theoretical framework is specified for the supply and demand for 
insurance in which premiums depend on income and interest rates. The econometric results are 
used to measure the short and long mn marginal propensities to insure across the 12 countries. 
The paper concludes with a cross-section analysis of 45 countries in 1982 in which the relation- 
ship between economic development and property-liability insurance premiums is investigated. 
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CUMMINS, I.D., NY& D.J. “The Stochastic Characteristics of PmpertyLiabiity Insurance 
Company Underwriting Profits”. Journal of Risk and Jnsnrance 47 (1980) 61-77. 

Research on property-liability insurance often depends on the assumptions that combined tatios 
am normally distributed and/or uncorrelated with yield rates on common stocks. This study 
examines 206 combined-ratio time series for nine major lines of insurance in order to gnage the 
accuracy of these assumptions. The normality hypothesis is accepted for approximately one-half 
of the series. many are highly correlated with the industry-wide combined-ratio, and almost none 
ate significantly correlated with equity yields. An important implication is that mean-variance 
mcdels should not be used in insurance research without validating the normality assumption or 
determining the impact of departures from normality. 

DAYKJN, C. ‘The Development of Concepts of Adequacy and Solvency in Non-life Insurance 
in the BBC”. Transactions of the International Congress of Actuaries (1984). 

This paper traces the development of requirements for minimum solvency margins in non-life 
insurance in the EEC, starting with work caused out under the auspices of OECD by Professor 
Campagne. It considers the relationship between the explicit solvency margin and what is 
understood to be covered by the technical reserves, the rationale for an explicit solvency margin 
and the origins of the particular level of solvency margin chosen. The paper concludes with 
some thoughts on a rational framework for defining technical reserves and an appropriate 
corresponding solvency requirement. 

de WlT, G.W., KASTBLJJN, W.M. “The Solvency Margin in Non-life Insurance Companies”. 
Astin Bulletin 11 (1980) 136-144. 

This paper mviews the O.E.C.D. calculations applying to the Netherlands for 1952-57, and 
discusses two i&as from O.E.C.D. report: expense ratio and claims ratio. Jn 1952-57, with pro- 
babiiity of ruin = 0.003, the necessary solvency margin was 31%. In 19761978 with the same 
probability of ruin, the necessary solvency margin was 60% (again for Netherlands). The level 
of the solvency margin is determined not only by the claims and expense ratio, but more specifi- 
cally, by the variance of these figures. 
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FORBES, S.W. “Capital Gains, Losses and Fiiancial Results in the Non-Life Insurance Jndus- 
try”. Journal of Risk and Jnsurance 42 (1975) 625-638. 

This paper studies the period 195672 to explore the impact of capital gains and losses upon the 
risk/return and solvency positions of stock and mutual non-life insurers. For most insurers, the 
riskhum ratio deteriorated when capital gains and losses were included in earnings. If risk 
dimension is ignored, most insurers appeared heavily dependent on capital gains for average 
earning improvements. Ample capital and/or surplus margins were available to enable most of 
the insurers to absorb substantially greater capital losses than those which had occurred. The 
main conclusion is that equity investments provided additional regulatory problems but did not 
on the average contribute to the efficiency of these firms. 

GABUS, A., HAGEMANN, S. “Solvency Margin and its Effects on Competition”. The Geneva 
Papers on Risk and Insurance No. 19 (April 1981) 3-84 

This study has tried to identify disparities among companies classifiable, a priori, according to 
the following characteristics: 

(1) meeting the current solvency margin/fmancing futum margin, 

(2) growth on a single national market/foreign markets, 

(3) long term/short term, 
(4) subjective/objective. 

The following areas have been studied: 

(1) economic consequences of uniform calculation of the margin, 

(2) principle of supervision and the practice of the solvency certificate. 

(3) accounting for hidden reserves due to underestimation of assets or overestimation of 
liabilities, 

(4) financing the margin whether the disparities arise from differences in operating condi- 
tions, financing conditions, or general economic conditions. 

The study is msnicted to members of the EEC. 
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HARRINGTGN, S.E., NELSON, J.M. “A Regression-Based Methodology for Solvency Sur- 
veillance in the Property-Liability Insumnce Industry”. Journal of Risk and Insurance 53 (1986) 
583-605 

This paper suggests a new method for assessing property-liability insurer financial strength. The 
procedure uses regression analysis to estimate the relationship between premium-surplus ratios 
and insurer characteristics including asset and product mix variables. Analysis of the regression 
residuals then identifies insurers with ratios that am substantially higher than those. for insurers 
with similar characteristics. The method is illustrated by using data for solvent and insolvent 
insurers. Its ability to identify insurers that later became insolvent is compared to that of the 
NAIC Insurance Regulatory Information System. 

LUDWIG, S.J., McAULEY, R.F. “A Nonparametric Approach to Evaluating Reinsurers Rela- 
tive Financial Strength”. Proceedings of the Casualty Actuarial Society 75 (1988) 219-240 

This article presents a model that uses properties of a ranking distribution. The Wilcoxon rank 
sum test is initially used to determine which financial ratios have historically discriminated 
between “strong” and “weak” companies. For those ratios that are selected as gocd discrimina- 
tors, the test ranks are summed for each company. This statistic is then used as the measure of 
relative financial strength. 

MUNCH, P., SMALLWOOD, D.E. “Solvency Regulation in the Property-Liability Insurance 
Industry: Empirical Evidence”. Bell Journal of Economics 11 (1980) 261-279 

This article reports empirical evidence concerning the effects of solvency regulation on the 
number of companies and frequency of insolvencies. Minimum capital requirements appear to 
reduce insolvencies by reducing the number of small, domestic fums. This supports the view of 
capital requirements as a differentially higher tax on small, new fms. Other forms of regulation 
have ambiguous effects or none. A comparison of the characteristics of insolvent and solvent 
fvms supports the model of insolvency as the unlucky outcome of value-maximizing risk-taking. 

PINCHES, G.E., TRlESCHMANN, J.S. “Efficiency of Alternative Models for Solvency Sur- 
veillance in the Insurance Industry”. Journal of Risk and Insurance 41 (1974) 563-577 

The authors examined the efficiency of alternative models for solvency surveillance of 
property-liability insurance firms employing financial ratios. The two models investigated are: 

1. financial ratios individually or in groups on a univariate basis, 

2. set of financial ratios in a multivariate context based on a multiple discriminant 
model. 

It is shown that the second model does a better job of identifying firms with a high probability of 
distress. 
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PLOTKIN, I.H. ‘Rates of Return in the Pmperty-Liability Insurance Industry: A Comparative 
Analysis”. Journal of Risk and Insurance 36 (1969) 173-200 

This paper mports on a comprehensive study of the profitability of the P and t insurance indus- 
try undertaken as part of a general investigation of insurance prices and investment income. 
From a s&o-economic point of view it compares risk and returns on invested capital with 
numerous other financial and nonfinancial sectors of the American economy. Jn measuring 
return, all possible sources of income have been considered including unrealized capita) gains as 
well as incomes attributable to the use of mixed cash/accrual accounting systems. The 
risk/return comparisons are based on a 60 industry, 16 year econometric study. The conclusions 
are based not on a sample, but on industry aggregates as well as on severaJ measures of financial 
return. No evidence of excessive return was found These theoretical conclusions are examined 
against and verified by current industry experience. 

RAMLAU-HANSEN, H. “A Solvency Study in Non-Life Insurance Part I”. Scandinavian 
Actuarial Journal (1988) 3-34 

This paper describes a study of statistical analyses of policy and claims data of a portfolio of fue, 
windstorm, and glass liabilities of single family houses and dwellings. Claim frequencies and 
claim size distributions are estimated, and the results are used to derive moments of the annual 
claim amounts and to provide examples of solvency margin requirements for different classes of 
business. 

RAMLAU-HANSEN, H. “A Solvency Study in Non-Life Insurance Part IT’. Scandinavian 
Actuarial Journal (1988) 35-59 

This paper shows how the solvency margin depends on portfolio composition and volume, min- 
sumnce, time horizon, probability of ruin, and the values of some of the basis parameters. The 
results show that 8-28% of premium income is necessary to cover the random fluctuations in 
claim costs. However, statutory requirements should be higher (2543%) to provide reasonable 
protection against inadequate safety loadings. 

ROSS, J.A., POUNTAJN, C.C. “Comparison of International General Insurance Underwriting 
Results and their Volatility”. Transactions of the International Congress of Actuaries (1988) 

This paper studies underwriting results in seven major international markets over the period 
1975-1984. The mason for the study is that many companies try to mitigate the underwriting 
cycle by international diversification. The study shows that Japan, followed by Germany, was 
the most profitable market, with France being the least. Germany and France had the least vari- 
able markets while Australia, followed by the U.S.A., was the most variable. All markets were 
positively correlated, with Germany being the least so. The conchtsion is that since international 
markets tend to move in the same direction, diversification can limit the worst effects of the 
cycle but not overcome it. 
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SALZMANN, R.E. “RLS Yardsticks to Identify Financial Weakness”. Proceedings of the 
Casualty Actuarial Society 68 (1981) 172-194 

This paper proposes a third method of identifying financially troubled insurers. (The Erst two 
are the NAIC BUS ratios. and the AJA Index of Financial Strength). The author claims that there 
are seven areas of critical financial significance: reserve level, surplus level, liquidity, quality of 
assets, operating results, excessive growth and reinsurancc protection. The RLS method places 
primary emphasis on reserve, liquidity, surplus levels. An insurer is exposed to insolvency 
hazards because of both insufficient surplus and insufficient financial flexibility levels. There- 
fore, this method uses one in&x to measure surplus position and another to measure liquidity 
position. 

TREEN, W.R., THOMSON, A.K. “The Effects of Fiiancial Factors on General Business Sol- 
vency”. Transactions of the International Congress of Actuaries (1984) 

This paper investigates the fluctuation in solvency caused by variations in claim inflation rates, 
interest rates, and asset values. The period under study was 1955-1980 in the U.K. Variations 
between the actual and expected claims liabilities were obtained and then related to solvency lev- 
els. The claims fund was also traced on the assumption that the investments were either Govem- 
ment securities, equities, or a mixture of asset types typical of the insurance business. The varia- 
tion between expected and actual levels of this fund were seen to have a considerable effect on 
solvency levels. 

TRIESCHMANN, J.S., PINCHES, G.E. “A Multivariate Model for Predicting Financially Dis- 
tressed P.L. Insurers”. Journal of Risk and Insurance 40 (1973) 327-338 

A multiple discriminant analysis was used to classify firms into two groups (solvent or distress). 
Financial distress is defined as a firm that went into liquidation, receivership, conservatorship, or 
rehabilitation during the period of the study (1966-1971). The model was correctly able to clas- 
sify forty nine out of fifty two fvms in the study. One solvent firm was classified as being dis- 
tress while two of the distress fums were classified as solvent. The six variables used in the 
study were: 

(1) agents balance/total asset ratio, 

(2) stocks cost/stocks market ratio, 

(3) bonds cos@onds market ratio, 

(4) loss adjustment & underwritingfnet premium ratio, 

(5) combined ratio, 

(6) premiums written direct/surplus ratio. 
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BORCH, K. Capital Markets and the Supervision of Insurance Companies”. Journal of Risk 
and Insurance 41 (1974) 397405. 

An insurance policy offers adequate security only if the company holds large reserves. In a free 
economy such reserve capital can be obtained only from the market, and investors w-ill be ready 
to provide the capital only if the insurance company can be expected to earn sufficient profits. 
The main task of the government supervisor is to make certain that the company’s reserves 
remain adequate. This can be achieved only if the company is allowed to charge premiums 
which will lead to profits found satisfactory by investors. Good insurance at low prices may be 
impossible in an economy with free capital markets. 

BORCH, K. “Is Regulation and Supervision of Insurance Companies Necessary?” Scandinavian 
Actuarial Journal (1981) 179-190. 

The author states that if the company is primarily interested in making a quick profit, regulation 
may be necessary. On the other hand, if the management of the company takes a long-term 
view, no regulation should bc necessary. He also shows that there are limits to what a govem- 

ment can achieve by regulation of private insurance companies which operate in a free economy. 

CUMMINS, J.D., HARRINGTON, S. “Property-Liability Insurance Rate Regulation: Estima- 
tion of Underwriting Betas Using Quarterly Profit Data”. Journal of Risk and Insurance 52 
(1985) 16-43. 

The underwriting beta is an important parameter in the application of financial theory to 
property-liability insurance pricing and rate regulation. This paper presents the results of using 
quarterly profit data to estimate underwriting betas for 14 property-liability insumrs. Sensitivity 
of the estimates to alternative model specifications, market return series, and estimation periods 
is examined. The results imply that underwriting betas may have been subject to signficant ins- 
tability during the 1970’s. This finding suggests extmme caution if underwriting betas are to be 
used to establish fair profit margins in rate regulations. Possible masons for instability in the 
estimated underwriting betas are discussed. 

DOHERTY, N.A., GARVEN, J.R. “Price Regulation in Property Liability Insurance: A Con- 
tingent Claims Approach”. Journal of Finance 41 (1986) 1031-1050. 

A discrete-time option-pricing model is used to derive the “fair” rate of return for the propercy- 
liability insurance firm. The rationale for the use of this mcdel is that the financial claims of 
shareholders, policyholders, and tax authorities can be modelled as European options written on 
the income generated by the insurers asset portfolio. This portfolio consists mostly of traded 
financial assets and is therefore relatively easy to value. By setting the value of the shamhold- 
ers’ option equal to the initial surplus, an implicit solution for the fair insurance price may be 
derived. Unlike previous insurance regulatory models, this approach addresses the ruin probabil- 
ity of the insurer as well as a nonlinear tax effect. 
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FINSINGER. J., PAULY, M. “Reserve Levels and Reserve Requirements for Profit Maximizing 
Insurance Firms”. Risk and Capital (ed. Barnberg, Spremann) 1983, Springer-Verlag, Hei&l- 
berg 

The authors study the conditions that determine the level of reserves that a company would hold 
in the absence of regulation. In the case where them is no covariance of firm risk with market 
return, agency costs arc small, and fixed costs moderate, then regulation is probably unneces- 
sary. In other cases, however, them is a social gain to be had from regulation. 

HAMMOND, J.D., SHILLING, N. “Some Relationships of Pottfolio Theory to the Regulation 
of Insurer Solidity”. Journal of Risk and Insurance 45 (1978) 377-400 

Underwriting risk and return data for a sample of both established and known high-risk insurers 
are examined in relation to actual and estimated maximum ratios of premium to surplus. Risks 
of ruin associated with these ratios are part of the analysis. Efficient underwriting frontiers for 
the industry and two sample insumrs are presented. Limitations of the theory’s application are 
noted. Its principal contributions to solidity regulation are to generate underwriting risk and 
return data in an integrated frame of reference and to generate information to supplement regula- 
tory judgments about insurer solidity. 

HAUGEN, R.A., KRONCRE, C.O. “Rate Regulation and the Cost of Capital in the Insurance 
Industry”. Journal of Financial and Quantitative Analysis 6 (1971) 1283-1305 

The authors discuss some of the effects of rate regulation in the property and casualty insurance 
industry. One consequence of the regulatory environment is that an optimal capital suuctum 
may clearly exist in this industry. If the rate of return to the insureds is generally deficient, it is 
expected that property and casualty stock companies would have an incentive to lever them- 
selves to the maximum extent permissible by selling insurance. The classic monopoly of the 
economic literature finances its lucrative investment opportunities in a competitive capital 
market. The stock insurance company invests in that market, but the relative distribution of the 
return earned them may be less than equitable due to the process and standards of rate regulation. 
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HILL, R.D., MODIGLIANI, F. “The Massachusetts Model of Profit Regulation in Non-life 
Jnsurance: An Appraisal and Extensions”. Fair Rate of Return in Property Liability Insurance 
(ed. Cummins, Harrington) 1987, Kluwer-Nijhoff, Boston 

This is an appraisal of the Fairly model of insurance pricing. There are two principal advantages 
of the Fairley model: 

(1) it relies on current yields available to investors. 

(2) it is the only one that provides a quantitiable measure of underwriting risk. However, 
the model is based on the CAPM, which has been faulted on a number of grounds. 
However, the fact remains that the CAPM is attractive because of its potential testa- 
bility. 

HILL, R.D. “Profit Regulation in Property-Liability Insurance”. Bell Journal of Economics 10 
(1979) 172-191 

This article uses the capital asset pricing model to determine the competitive insurance premium 
and profit rate. Fair profit rates for real lines of insurance are then calculated and compared with 
actual profit rates. The comparison suggests that rule-of-thumb profit rates used in regulation lie 
above the level that would occur in a competitive insurance market. 

HUMPHRYS, R. “Standards and Solvency Requirements Under Canadian Insurance Legisla- 
tion”. Transactions of the Jnternational Congress of Actuaries (1984) 

This paper discusses concepts of solvency and solvency standards under federal insurance legis- 
lation in Canada. Defects in the traditional balance sheet presentation are noted and suggestions 
made for improvement. In this light, Canadian capital and surplus margins are described. Spe- 
cial emphasis is placed on revised methods of reflecting both realized and unrealized capital 
gains in income statements. The importance of cash flow forecasting is stressed Reference is 
made to recent reinsurance problems and the possible effect on balance sheet and other require- 
ments. 

KAHANE, Y. “Capital Adequacy and the Regulation of Financial Intermediaries”. Journal of 
Banking and Finance 1 (1977) 207-218 

This paper shows that constraining the portfolio composition of the intermediary, per se, cannot 
generally be regarded as an effective means for bounding the firm’s probability of ruin; nor can 
the minimum capital requirement, per se. However, a combination of these regulatory practices 
may reach the desired effect. 
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KAHANE, Y. “Solidity, Leverage and the Regulation of Insurance Companies”. The Geneva 
Papers on Risk and Insumnce No. 14 (Dec. 1979) 3-19. 

The purpose of this paper is to examine the effectiveness of regulatory policies and their ade- 
quacy for guaranteeing the soundness of the insurer’s financial position. Three distinct models 
are examined. The first two models analyze die problem of ruin within a discrete time period 
through the application of the instruments of portfolio theory. The analysis is based on the pro- 
position that capital requirement must be related to the overall performance of the insurance 
company. The overall performance is a function of both un&rw&ing and investment incomes 
and their risks. For the thii model the insurer is assumed to have only one activity, but the 
analysis is carried within a continuous time framework. It is argued that the &sired regulatory 
effects can be achieved by introducing a set of penalties rather than through direct interference in 
the fms activities. 

LAUNIE, J.J., PHILLIPS, G.M. “The Effect of Solvency Regulation in the Underwriting 
Cycle”. International Conference on Insurance Solvency II (1988) 

This paper focuses on the frequently utilized regulatory test for capacity which states that net 
premiums written should not be greater than three times policyholders’ surplus. The difficulty 
with this solvency measure is that net premiums written is immediately affected by price 
changes. A simple example of the manner in which flows on this measure may exacerbate the 
underwriting cycle is given. This is followed by a formal model which measures the extent to 
which changes in net premium written reflects price changes rather than real changes in 
insurance exposure. 

MYERS, SC., COHN, R.A. “A Discounted Cash Flow Approach to Property-Liability 
Insurance Regulation”. Fair Rate of Return in Property Liability Insurance (ed. Cummins, Har- 
rington) 1987, Kluwer-Nijhoff, Boston 

This paper discusses the difficulties in calculating the discount rate from the CAPM, which 
requires that the beta of the insurance policy be measured. Measuring the betas can be extremely 
difficult, for several reasons: 

(1) portfolio composition varies widely from company to company and over time, 

(2) random error in measuring beta for common stocks, 

(3) insurance companies which have investments outside the insurance industry, 

(4) the beta values vary widely for different lines of insurance. 
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NORBERG, R., SUNDT, B. “Draft of a System for Solvency Control in Non-Life Insurance”. 
Astin Bulletin 15 (1985) 149-169 

An outline is given of a proposed system for solvency control in non-life insurance that has 
recently been discussed within a Working Party appointed by the Norwegian supervisory author- 
ities. According to this system the factual technical reserves must at any time be sufficient to 
meet, with high probability, all future liabilities stipulated by insurance contracts that have either 
expired or am currently in force. The system is applied to a provisional, simple model that has 
been fitted to claims data assembled from Norwegian non-life companies. The numerical exam- 
ples illustrate how the required reserve depends on the volume of the business, the portfolio mix, 
and the reinsurance cover. 

ROTH, R.J. “Measuring Solvency and the Adequacy of Casualty Loss and Expense Reserves 
from the Point of View of Insurance Regulation”. Transactions of the International Congress of 
Actuaries (1984) 

Loss reserves have been growing faster than written premiums and surplus, therefore increasing 
the importance of proper reserving. However, due to the growth of reinsurance, loss reserving 
has become even more difficult Reforms are badly needed in the reporting of reinsurance tran- 
sactions. Also, the solvency of many property-casualty insurers is being threatened by pro- 
longed underwriting cycles. 

SOGN, E.T. “Aspects of Solvency Consideration in Non-life Insurance”. Transactions of the 
International Congress of Actuaries (1984) 

This paper gives some background for the solvency control project in Norway, initiated in 1982. 
Its working party was appointed with the task of setting rules for the technical reserves, and also 
asked what general capital requirements should be imposed upon non-life companies. Only the 
fmt task is treated in this paper. The author discusses different aspects to be covered in such a 
work and also outlines general principles for further development. 

SUGARS, E.G. “A Risk Theoretic Prescription for Regulated Ratemaking”. Journal of Risk and 
Insurance” 39 (1972) 475-478 

The author suggests a method, based on risk theory, for determining a fair rate of return in the 
non-life insurance business. The paper contains the idea that rates should be loaded only enough 
to allow the insurer a fair return on that part of policyholder surplus funds required to run a pru- 
dent insurance business. 
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ZJXTEN, R.A. “Solvency Surveillance: The Problem and a Solution”. Journal of Risk and 
Insurance 39 (1972) 573-588 

This study investigates insurance department examinations of insurance. companies, and reveals 
the present examination system to be deficient in every respect The author believes that annual 
independent audits should replace the mandatory, full scale, routine examinations of every 
illSUltT. 
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ALDJN, N. and JONES, B. “Measuring R.O.E. from a Financial Planning Perspective”. Fman- 
cial Analysis of Insurance Companies Discussion Wper Program, Casualty Actuarial Society, 
1981,3-23. 

A method is proposed for assessing a fmancial product’s performance in terms of return on 
equity. The equity backing the product is the appropriate level of risk surplus needed to account 
for the various risks inherent in the product. An application is made to a ntrospectively rated 
workers’ compensation product. 

ANDERSON, JJ. “Alternative Methods of Accounting for Equity Investments in the Stock P-L 
Insurance Industry”. Journal of Risk and Insurance 42 (1975) 263-275 

The author discusses two accounting methods which were used in the property-liability 
insurance industry at the time, as well as two other methods which would reflect changes in 
unrealized appreciation on the equity security portfolio in the income statement. The article 
discusses the current status of the issue in the accounting community, describes the methods 
under consideration and evaluates them in terms of their intrinsic merit and their potential impli- 
cations for the industry. 

BENJAMIN, S. “Profit and Other Financial Concepts in Insurance”. Journal of the Institute of 
Actuaries 103 (1976) 233-305. 

The purpose of this paper is to introduce accountants and others working in insurance to the con- 
cepts and language of actuaries. Among other topics, the author discusses valuation of insurance 
companies. He criticizes the GAAP approach in the following manner: given two companies 
which are identical with respect to premium rates, volume of business, experience, etc., the only 
difference being that the first reserves on a stronger basis than the second, then the former is 
worth less to its shareholders in terms of rate of return. The actual reserving basis is ignored 
under GAAP and hence that real difference is ignored. The author also discusses the ideas of 
surplus analysis, and asset-liability matching. 
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BENJAMIN, S. “Solvency and Profitability in Insurance”. Transactions of the International 
Congress of Actuaries (1980). 

This paper gives masons why the actuarial profession should beware of discussing the fmancial 
position of an insurance company (a) within the conceptual framework of GAAP as used for life 
insurance companies in the U.S.A., and (b) within the conceptual framework of conventional 
accounting throughout the world for non-life companies. The paper argues that the conventional 
split between (i) technical provisions (reserves) and (ii) the free assets forming the solvency mar- 
gin is false. Hence the practice whereby (i) is estimated without regard to the arbitrary level of 
(ii) which is set by the control authorities, should be unacceptable to the actuarial profession. 

The paper argues that the traditional actuarial approach to cautious reserves in life insurance 
without arbitrary external solvency margins gives an acceptable conceptual framework for both 
life and non-life insurance accounts, and is consistent with good supervision in a free competi- 
tive market. A simple method of assessing the strength of an insurance company, based on past 
loss-ratios is suggested in an Appendix. 

BRUBARER, R.E. “A Constrained Profit Maximization Model for a Multi-Line 
PropertyiLiability Company”. Total Return Due a Property-Casualty Insurance Company Dis- 
cussion Paper Program, Casualty Actuarial Society, 1979,28-50. 

The selection of product mix is presented as a constrained optimization problem: optimization 
of profits constrained by available capital needed to support various lines. The author applies a 
basic microeconomic model. It is assumed capital is allocated among lines so as to keep the pro- 
bability of insolvency or impairment for each line within acceptable bounds. 

BURROWS, R.P., FICKES, S.W. “Measuring the Financial Performance of Insurance Com- 
panies”. Transactions of the International Congress of Actuaries (1988). 

The authors state that methods such as statutory accounting, GAAP, and cash flow accounting 
are very poor indicators of the performance of insurance operations. A system currently in 
operation which effectively monitors insurance performance is the value-added reporting system. 
This system has the ability to measure financial results against targets and also provides mean- 
ingful information to management regarding the financial strength of the company. It has been 
implemented successfully by a number of insurance companies worldwide. 
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CHRISTENSEN, J.E. “Contingency Reserves in Surplus Allocation”. Transactions of the Inter- 
national Congress of Actuaries (1984). 

This paper suggests how contingency reserves might be used in surplus allocation. By splitting 
the portfolio according to underwriting year and allocating to each mrdenvriting year a capital 
needed to ensure solvency (with a given probability), a distribution of the internal rate of return 
on that capital is established The focus is on the function of the contingency reserve as a way to 
stab&e profits. A stabilization criterion based on the distribution of the internal rate of return is 
suggested which could be the basis for establishing appropriate transfer rules. 

DE HULLU, A. “A Management Oriented Approach to Solvency”. Transactions of the hitiN- 

tional Congress of Actuaries (1984). 

This paper aims to provide an overview of the various elements to be considemd in an analysis 
of the solvency position of a specific insurance company and to &scribe a systematic approach 
in terms oriented toward management, Illustrations are taken from aCNd company or intercom- 
pany experience. Potential deviations from the projected annual solvency contributions are also 
studied. These may be caused by stochastic flUCNatiOnS, by investment or expense risks, as well 
as by elements of solidarity among policyholders or by options grants. 

PBRRARI, J.R. ‘The Relationship of Underwriting, Investment, Leverage, and Exposure to 
Return on Owners’ Equity”. Proceedings of the Casualty AcN~~ Society, 55 (1968). 295302. 

The paper sets out basic relationships concerning the return on owners’ equity. The importance 
of investment income is stressed. The actuary must be concerned with the broad financial 
management objectives of the fm and, in particular, with the analysis of the optimum capital 
structure. 

HARVEY, R.M. “Ptoblems of International Comparability - The Emergence of General 
Insurance Surpius Under Different Accounting Conventions”. Transactions of the International 
Congress of Actuaries (1988) 

This paper identifies the main differences in accounting approaches used in the major European 
insurance markets and in the U.S.; it illustrates the pattern of profitability and the development 
of net assets in the period 1971-1985 and reviews recent, current and possible prospective 
changes in accounting for general insurance. The author believes that there is a clear and impor- 
tant role for the actuarial profession, not just in monitoring, but also in influencing developments 
in this area alongside the accounting profession. 
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HUMPHRYS, R. “Standards and Solvency Requirements Under Canadian Insurance Legisla- 
tion”. Transactions of the International Congnss of Actuaxies (1984) 

This paper discusses concepts of solvency and solvency standards under federal insurance legis- 
lation in Canada. Defects in the traditional balance sheet presentation are noted and suggestions 
made for improvement. In this light, Canadian capital and surplus margins am &scribed Spe- 
cial emphasis is placed on revised methods of reflecting both malired and tmrealized capital 
gains in income statements. The importance of cash flow forecasting is stressed. Reference is 
made to recent reinsurance problems and the possible effect on balance sheet and other tequire- 
ments. 

KIMBALL, S. and DENENBERG, H. (eds) “Capital and Surplus Requirements”. Chapter 6 in 
Insurance, Government, and Social Policy, Richard D. Irwin Inc., 1969. 

The chapter introduces the notion of required capital and surplus and the complementary notion 
of surplus surplus. The authors argue for ongoing minimum surplus mquircments, particularly 
in respect of insurers owned by holding companies and whose surplus might be transferred to the 
holding company. The chapter includes a contribution by A.E. Hofflander of UCLA which 
attempts to provide a framework for a minimum capital and surplus requirement for non-life 
insurers. 

KNEUER, P.J. “Allocation of Surplus for a Multi-Line Insurer”. Financial Analysis of 
Insurance Companies Discussion Paper Program, Casualty Actuarial Society, 1987, 191-228. 

Practical difficulties presented by traditional methods for the allocation of surplus to various 
lines of business am discussed None of the traditional allocation methods is found to be 
appropriate. The author goes on to discuss the functions of surplus and practical considerations 
for making meaningful allocations. It is suggested that performance and pmfltability measure- 
ments be based on insurance operating profit margin rather than on allocations of surplus. 

MEYERS, G. “An Analysis of the Capital Structure of an Insurance Company”. Proceedings of 
the Casualty Actuarial Society, 76 (1989), 147-170. 

A model of an insurance company is introduced. This model incorporates a collective risk 
model to describe incurred losses. Account is taken of the underwriting cycle and investors’ 
requirements for a reasonable return on equity. Emerging surplus, which is governed by inves- 
tors’ requirements, is compared to surplus required according to mitt theory and to requirements 
imposed by regulators. 
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ROHOLTE, C. “A Fluctuation Reserve System in Non-Life Insurance”. Ttansactions of the 
International Congress of Actuaries (1988) 

This paper presents a fluctuation reserve system in non-life insurance where special emphasis is 
placed on rules of transition to/from the fluctuation reserve. For a given class of business it is 
assumed that an aggregate loss distribution can be established, ie. variations in claims experience 
(number of claims, sire of claims, trends and cycles, etc.) is reflected in the distribution function 
of the yearly aggregated claims. The fluctuation reserve system is characterized by a number of 
system parameters (system frequency, upper bound, initial reserve, ruin probabilities, etc.) and 
by an unbiased transition de. An example is given w show how the system works. 

SUGARS, E.G. “A Risk Theo&c Prescription for Regulated Ratemaking”. Journal of Risk and 
Insurance” 39 (1972) 475-478 

The author suggests a method, based on risk theory, for determining a fair rate of return in the 
non-life insurance business. The paper contains the idea that rates should be loaded only enough 
to allow the insurer a fair rctum on that part of policyholder surplus funds required to run a pru- 
dent insurance business. 

75 



B-VIII 

Papers on Life Iusurance 

76 



BRBNDER, A. “Solvency Rquirements for Life Insurers in Canada”. Transactions of the Inter- 
national Congmss of Actuaries (1988) 

The author discusses the development of life insurance solvency requirements in Canada. The 
role of the Valuation Actuary is discussed as well as the establishment of guarantee funds. In 
addition, methods of financial reporting for life insurance am described as well as the develap- 
ment of provisions for adverse deviations. The paper also describes areas of further research into 
the expanded responsibility of the Valuation Actuary. 

BRBNDER, A. “The Evolution of Solvency Standards for Life Insurance Companies in 
Canada”. hStiNte of Insurance and Pension Research, Report #91-10. University of Waterloo, 
1991 

This paper describes the emergence of the solvency tests and standards for Canadian life 
insurance companies. The creation and development of the position of Valuation Actuary is dis- 
cussed. Also, important changes in financial reporting have been introduced in Canada for 
insurance companies. All reserves will now be on a GAAP basis, and this would apply to both 
stock and mutual companies. Another important change was the introduction of a Minimum 
Continuing Capital and Surplus Requirement (MCCSR). The MCCSR is calculated on a going 
concern basis, at the end of the insurer’s fiscal year. A second testing pmcedure. Dynamic Sol- 
vency Testing (DST), has also been developed. The aCNaty projects the company’s affairs under 
a variety of possible future experiences and tests whether there is sufficient capital and surplus to 
run off the business. A projection period of five years is suggested. In the initial stages, DST 
will be carried out using deterministic, rather than stochastic models. The actuary first projects 
the company’s future using “best guess” assumptions, then investigates other scenarios by 
changing various combinations of variables in the model. These hypothetical results will bc 
examined by company’s management and supervising authorities. The model is sufficiently 
flexible w allow the introduction of stochastic elements whenever the actuary considers this to 
be warranted. 
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CANADIAN INSTITUTE OF ACTUARIES ‘A Primer on Dynamic Solvency Testing”, 1989 

This paper describes in detail the two main steps in the DST process, namely the projection of 
surplus trends, and modeling. The projection component is carried out as follows: 

(1) calculate historical patterns of actual free surplus and the corresponding required 
amounts for the most tecent &tee-year period, 

(2) project these calculations forward for five years using best estimates of experience 
and business plans of the company, 

(3) recalculate tlte five-year projections on a set of 10 prescribed scenarios, each of which 
focuses on a specific single potentially adverse trend in experience, 

(4) recalculate the same five-year projections on additional appropriate combination of 
adverse trends, so as to provide adequate information to management on the hypothet- 
ical, plausible and significant threats to the company’s financial well-being. 

The first scenario tested has the future experience projected based on the best estimates of each 
relevant factor. This is known as the base scenario. Subsequent scenarios are defined by making 
prescribed changes in the following areas: mortality, morbidity, withdrawals, increasing interest 
rates, decreasing interest rates, level new sales, high new sales, sudden high mortality and morbi- 
dity, increased &fault rates, expense rates. 

The modeling component of DST involves the development of algorithms to simulate future 
events, and the selection of cells, or representative blocks of policies and assets which reflect the 
company’s actual portfolio. One possible modeling technique is the projection of gains (or mar- 
gins) by source. Another possibility is extrapolation in aggregate, meaning that financial state- 
ments are projected by studying recent trends in aggregate data for the product line to be pro- 
jected. The political and economic environment of business must also be considered in the 
modeling process. Finally, the model must be sufficiently flexible to reflect the variability of the 
real world. 

CANADIAN LIFE AND HEALTH INSURANCE ASSOCIATION “CLHIA Formula for 
Minimum Continuing Capital and Surplus Requirements”, 1991 

This paper gives the formula for determining the MCCSR. Each of the following elements 
receives a particular weight, the total of which comprises the MCCSR. 

A. Life Insurance 

1. Mortality Risk 

(a) Insurance (including accidental death and dismemberment) 

(b) Disability and other Morbidity Risks 

(c) Annuities Involving Life Contingencies 

2. Interest Margin Pricing Risk 

(a) participating and non-participating business 

(b) 
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all other business 

3. Asset Default (C-l) Risk 
(a) Short Term Securities 

W bd 

(4 Mortgages 
(d) Transportation Equipment Trust Certificates 

(e) Bulk Adjustment for Unamortized Gains and Losses on the Disposition of 
Debt Securities 

0 st@s 
(g) RealEstate 

(h) Gil and Gas Production Properties 

(i) Investment Income Due and Accrued 

4. Changes in Interest Rate Environment (C-3) Risk 

B. Accident and Sickness Insurance 

1. Morbidity Risk 

(a) Disability Income Insurance 

(b) Accidental Death and Dismemberment 

(c) other Accident and Sickness Benefits 

(d) Credits for Reinsurance and Special Policyholder Arrangements 

(e) Adjustments for Statistical Fluctuation. 
2. Financial Risk 

C. Miscellaneous Requirements 

(a) Reserve for Cash Value Deficiencies and Amounts of Negative Reserve 

(b) Valuation Reserve for Miscellaneous Assets and Other Investments 

(c) Statutory Currency Reserves 

(d) Reserve for Reinswmce Ceded to Unregistered Reinsurers 

(e) Surplus appropriated for special risks not coveted by the formula. 
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B-VIII-4 

FACULTY OF ACTUARIES WORKING PARTY “The Solvency of Life Assurance Corn- 
patties”. Transactions of the Faculty of Actuaries 39 (1986) 25 l-340 

This report represents four years of study by this group although the authors consider their work 
to be not yet complete. The report describes the work carried out and conclusions reached thus 
far. One of their conclusions is that the EBC. Life Directive solvency requirements do not 
appear to be based on sound theoretical analysis applicable to current conditions. They also con- 
clude that, by necessity, a stochastic approach must be adopted to establish the solvency margin. 
Another factor of primary importance in determining a company’s solvency is the propriety of 
asset-liability matching for the company. Fmally, the report concludes that it is tmlikely that any 
simple solvency margin, expressed as a percentage of reserves (even if these are calculated on a 
statutory minimum basis) will be adequate for all companies regardless of the nature of their 
assets or liabilities. 
m 

HARDY, M. “Aspects of the Assessment of Life Office Solvency”. International Conference on 
Insurance Solvency III, 1991 

The standard deterministic methods that U.K. life offices use to assess their own solvency posi- 
tion are compared with stochastic methods for a few very simple model life offices. The sto- 
chastic methods, and the model offices used, follow Pentikainen and Pesonen (1988). The deter- 
ministic investigations include some ideas adapted from Brender (1988). It is concluded that 
some stochastic investigation is necessary, if only to determine the “worst case” parameters of a 
deterministic test. 

LAMM-TENNANT, J. “Asset/Liability Management for the Life Insurer: Situation Analysis 
and Strategy Formulation”. Journal of Risk and Insurance 56 (1989) 501-517 

This study examines the current operational status and planning procedures of seven 
asset/liability management processes appropriate for life insurers and offers recommendations. 
The author discovers that, although most fums consider asset-liability matching to be an impor- 
tant objective, very little has been done to achieve it. The author suggests several methods of 
integrating asset-liability management into the investment strategy of the insurance business. 
The objectives of these various methods range from providing solvency on the one extreme, to 
maximizing returns on the other. 
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B-VIII-J 

MARTIN-LOF, A. “A Stochastic Theory of Life Insurance”. Scandinavian Actuarial Journal 
(1986) 65-81 

A theory of life insurance is considered in which the interest rate is variable and the random fluc- 
Nations in the COkCtivC are taken into account. Tht theory explicitly includes a &SMiptiOn of 
how the benefits are changed depending on these factors. A linear feedback which adapts the 
benefits to the surplus is necessary in order to stabilize the system in the sense that the variance 
of the surplus remains bounded. Martingale decomposition is a useful tool for the analysis of the 
fluctuations. 
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Papers on Investment Models 
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BEEKMAN, J.A. “A Stochastic Investment Mcdel”. Tmnsactions of the Society of Actuaries 

32( 1980) 9-24. 

The purpose of this paper is to provide a method for calculating special contingency reserves for 
investment losses. The method is derived by first building a stochastic investment model and 
then utilizing its probabilistic structure. The model is essentially the collective risk model used 
in various ways with respect to insurance claims (both life and non-life). Several examples are 
examined in considerable detail. 

BORCH, K. “The Optimal Portfolio of Assets in an Insurance Company”. Transactions of the 
International Congress of Actuaries (1968). 

The author considers the different investment opportunities available to an insurance company. 
It is assumed that the investments which give the highest return are the least liquid. If the com- 
pany should be forced to sell such assets in order to pay claims, it will suffer a loss. The author 
determines the optimal portfolio of assets under different variations of this assumption. 

BOYLE, P.P. “Immunization Under Stochastic Models of the Term Suucture”. Journal of the 
Institute of Actuaries 105 (1978) 177-187 

The author gives a survey of some new results concerning the term structure of interest rates and 
discusses actuarial applications. The term structure model used in this case assumes zero arbi- 
trage profits. Thus, it represents an equilibrium situation. An immunization strategy is then 
developed under this assumption. The model does not consider net liability outflow as a random 
variable, effectively ignoring mortality and other contingencies. In the case of a company with a 
large portfolio of contracts this procedure can be justified by an appeal to the law of large 
numbers. 

CLARKSON, R.S. “The Measurement of Investment Risk”. Transactions of the Faculty of 
Actuaries 41 (1990) 677-750 

The author develops an axiomatic, general theory of investment risk, and demonstrates it with a 
practical example. The model is then compared to the Markowitz approach. This paper also 
states that Modem Portfolio Theory is a too narrow interpretation of Markowitz and hence has 
limited validity. The author also concludes that using the variance of return to measure invest- 
ment risk is essentially irrelevant in practice, and more effort should be made using advanced 
analytic techniques to improve the expected return. This paper also makes Eference to the work 
of Wilkie and Wise. 
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B-IX-2 

COOPER, R.W. “Investment Return and Property-Liability Insurance Ratemaking”. Huebner 
Foundation Studies, University of Pennsylvania, 1974 

This bwk examines the issue of how to include investment return in the ratemaking process. 
Four topics am considered: whether to focus on the total resources of the insurer or on the 
resources required to run the business; necessary level of capital; total rate of return on invested 
capital, relationship between total rate of return on invested capital, investment return and 
property-liability insurance rate levels. The author concluded that the focus of regulation should 
be on the resources required to support a company’s insurance business. With regard to the 
second topic, a formula was derived to determine the necessary level of invested capital, and 
using this method, the author contends that the ratios of premium to capital and surplus imposed 
by state regulatory authorities may be too restrictive. To answer the third question, the author 
used capital market equilibrium theory to derive a “competitive” total rate of return. A model 
was then derived which addresses the relationship between return on necessary capital, expected 
investment return and profit provision for a given line of insurance. 

COUTTS, S.M., CLARK, G.J. “A Stochastic Approach to the Allocation of Assets for Insurance 
Companies”. International Conference on Insurance Solvency III, 1991. 

The authors consider the background to the development of asset and liability modeling and pto- 
vide an outline of the construction of a particular model. The practical applications of the model 
are demonstrated, in the first instance by an example of its application in relation to the formula- 
tion of investment policy for a U.K. final salary pension scheme. A parallel development 
appropriate to a general insurance company is then considered, concentrating upon the problem 
of allocating assets between different asset classes available. The paper concludes with a brief 
consideration of both the advantages and difficulties of adopting a cash flow approach. A cash 
flow approach is also proposed as a measure of relative solvency between “peer group” insurance 
companies. 

CUMMINS, J.D., NYE, D.J. “Portfolio Optimization Models for Property-Liability Insurance 
Companies: An Analysis and Some Extensions”. Management Science 27 (1981) 414-430 

This paper presents a model to assist property-liability insurance companies in making product 
and investment mix decisions. A quadratic programming approach is used to generate mean- 
variance efficient frontiers that reflect the covariability of returns on insurance lines and assets. 
The solution indicates the overall premium-surplus ratio, the distribution of premiums among 
insurance lines, and the proportion of assets in each major investment class that ate consistent 
with the minimum level of risk for a given rate of return on net worth. A method is also sug- 
gested for including taxes in the model. This paper also discusses the links between ruin theory 
and utility theory and shows how these decision rules can be used to select operating points 
along the efficient frontier. A numerical example is given based on the published financial data 
of a major insurance company. 
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B-IX-3 

GEOGHEGAN, T.J. et al. ‘Report on the Wilkie Stochastic Investment Model”. Presented to 
the Institute of AcNaries, Jan. 27, 1992; to be published in the Journal of the bstitute of 
AcNaries 

A FIMAG Working Party was set up in 1989 to consider the stochastic investment model pro- 
posed by A.D. WiIkie, which had heen used by a number of actuaries for various purposes but 
had not itself been discussed at the Institute. This is the Report of that Working Party. The Wil- 
kie model is described and reviewed and alternative types of models are discussed. Possible 
applications of the model are considered, and the important question of ‘%cNatial judgement” is 
intrcduced. Finally, the Report looks at possible future developments. In appendices, Clarkson 
describes a specific alternative model for inflation, and Wile describes some experiments with 
ARCH models. In further appendices possible applications of stochastic investment models to 
pension funds, to life assurance and to investment management are discussed. 

HAUGEN, R.A. “Insurer Risk Under Alternative Investment and Financing Strategies”. Journal 
of Risk and Insurance 38 (1971) 71-80 

This article is concerned with the problem of optimizing the structure of assets and liabilities of 
stock insurance companies. Specifically, an attempt is made to derive some empirical estimates 
of the risk of return to common stockholders under the assumption that capital is obtained by 
underwriting insurance from a given line and invested in a securities portfolio of a given nature. 
By observing and relating the historical performance of insurance and investment portfolios, the 
variability of the rate of return to equity capital is simulated though the techniques of portfolio 
analysis. 

KAHANE, Y. “Generation of Investable Funds and the Portfolio Behaviour of Non-Life Insur- 
ers”. Journal of Risk and Insurance 45 (1978) 65-77 

In this paper, new parameters, representing the funds generated by the insurance nansaction, am 
introduced into the portfolio model which balances the investment and un&rwritlng activities of 
an insurer. An insurance activity with a higher funds-generating coefficient may affect both the 
insurer’s expected profit and its risk level. These effects may operate in opposite directions, and 
the net result would be that a line with a higher coefficient will be less desirable under certain 
circumstances. Such a surprising impact of the coefftcient could have cccurred in practice, but 
the recent experience of insurers, where large underwriting losses are reported, makes this effect 
less likely today. 
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B-IX-4 

ICROUSE. C.G. “Portfolio Balancing Corpotate Assets and Liabilities with Special Application 
to Insurance Management”. Journal of Financial and Quantitative Analysis 5 (1970) 77-105 

This paper considers the simultsneous selection of investments, underwriting lines, and capital 
financing to form efficient mean-variance corporate. portfolios. The analysis is directed toward 
development of decision rules for use in structuring the firm’s business in terms of its balance 
sheet. The intent is to specify optimal target levels for balance sheet accounts consistent with 
broad caporate goals, especially in view of the various interrelationships among these 
“separate” accounts and, consequently, without the s&optimization inherent when considering 
the properties of each in isolation. The model for unifying these principal, and traditionally 
dispamte, insurance management activities involves only an extension of conventional mean- 
variance portfolio techniques to include proper specification of: 

(1) conservation equations balancing the firm’s sources and uses of funds, 

(2) constraints setting legal, market, and institutional restrictions on these sources and 
US% 

LAMM-TENNANT, I. “AsseVLiability Management for the Life Insurer: Situation Analysis 
and Strategy Formulation”. Journal of Risk and Insurance 56 (1989) 501-517 

This study examines the current operational status and planning prccedures of seven 
asset/liability management processes appropriate for life insurers and offers recommendations. 
The author discovers that, although most fis consider asset-liability matching to be an impor- 
tant objective, very little has been done to achieve it. The author suggests several methods of 
integrating asset-liability management into the investment strategy of the insurance business. 
The objectives of these various methods range from providing solvency on the one extreme, to 
maximizing returns on the other. 

PEREZ, E. PRIETO “Determination of the Amounts Available for Long-Term Investment for 
an Insurance Company”. The Geneva Papers on Risk and Insurance No. 11 (January, 1979) 
47-51 

The author describes two stochastic models (one with, and the other without, reinsurance) to 
determine the amount that an insurance company can invest for the long term. The models show 
that the optimal investment decision depends on: 

(i) the return on the portfolio of assets. 

(ii) the cost of forced liquidation of assets in order to pay claims. 

(iii) the shape of the claim distribution function F(X). 
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B-IX-5 

PEREZ, E. PRIETO “Administration of the Portfolio of an Jnsurance Company”. Transactions 
of the JntemationaJ Congress of Actuaries (1984) 

The author refers to the fact that the demand for a minimum solvency margin from insurance 
companies permits the partial liberalization of financial resoutces and implies dropping other 
methods howsoever aimed at securing the solvency of the insurance company. He recommends 
the Markowitz method of pcntfolio selection. 

PLAIT, ROBERT, B. editor, “Controlling Interest Rate Risk”, John Wiley & Sons, New York, 
1986 

TAPIERO, C.S., ZUCKERMAN, D. “Optimal Investment Policy of an Insurance Firm”. 
Insurance Mathematics and Economics 2 (1983) 103-l 12 

The authors consider an investment problem by an insurance firm. As in the classical model of 
collective risk, it is assumed that the premium payments am received deterministically from pol- 
icyholders at a constant rate, while the claim process is determined by a compound Poisson pro- 
cess. They introduce a conversion mechanism of funds from cash into investments and vice 
versa. Contrary to the conventional model, they do not assume a ruin barrier. Instead they intro- 
duce conversion costs to account for the problems implicit in reaching the zero boundary. The 
objective of the firm is to maximize its net profit by selecting an appropriate investment strategy. 
A diffusion approximation is suggested in order to obtain tractable results for a general claim 
size distribution. 

TILLEY, J.A. ‘The Matching of Assets and Liabilities”. Transactions of the Society of 
Actuaries 32 (1980) 263-304 

A general model for matching assets and liabilities is developed. Three aspects of the invest- 
ment problem are discussed: initial investment strategy, reinvestment strategy, and asset liqui- 
dation strategy. Reinvestments and disinvestments are handled by an investment-year method. 
Explicit provision is made for different new-money rates in each future year. The model is 
defined by specifying: 

(1) the schedule of interest and principal payments for representative investment instru- 
ments comprising the initial portfolio, 

(2) the expected net cash outflows of the pension fund or other block of business, 

(3) rollover rates for reinvestments, 

(4) a set of patterns of future new-money interest rates. 

The model solves for a region of strategies that result in a nonnegative total fund value at the end 
of the investment horizon for each interest rate pattern in the set described in item 4. 
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B-M-6 

TRJESCHMANN, J.S., MONROE, RJ. “Investment Performance of P-L Insurers Common 
Stock Portfolio”. Journal of Risk and Insurance 39 (1972) 545-554 

This study compares stock P-L, mutual P-L and investment companies with respect to the rate of 
retum on their common stock portfolios. It was found that investment companies earned signfi- 
candy higher rates of return, but average risk levels were also higher for these companies. 
Therefore, investment companies did not earn significant.ly higher risk-adjusted rates of return 
than P-L companies. Within the P-L industry, stock companies earned signficandy higher risk- 
adjusted returns than mutual companies. It was also found that portfolio size and profitability 
had a low correlation, and that the performance ranking was independent of method of measur- 
ing profitability. 

VANDEBROEK, M.. DHAENE, J. “Optimal Premium Control in a Non-Life Jnsurance Busi- 
ness”. Scandinavian Actuarial Journal (1990) 3-13 

Optimal premium control in non-life insurance business is determined using dynamic program- 
ming techniques. The optimality is measured in terms of solvency and a sufftcient smoothing of 
the problem and the surplus variations in time. 

WILKJE, A.D. “Portfolio Selection in the Presence of Fixed Liabilities”. Journal of the Institute 
of Actuaries 112 (1985) 229-277 

This paper was inspired by a paper “The Matching of Assets to Liabilities”, JIA (1984), by A.J. 
Wise. The author discusses assets that are not marketable and cannot be disposed of, so in this 
sense they are fixed. However, their monetary value is a random variable. This paper is con- 
cerned not so much with finding the quantities of assets that match the given liabilities, but 
rather, finding the most desirable set of assets having regard also to their present prices. The 
author has generalized conventional portfolio theory by including the price of the portfolio as a 
third dimension, in addition to the expectation and variance of the ultimate surplus. 

WILKIE, A.D. “A Stochastic Investment Model for Actuarial Use”. Transactions of the Faculty 
of Actuaries 39 (1986) 341-403 

The author proposes a model to simulate “possible futures”. The model is appropriate for long- 
term studies without being too concerned with short-term fluctuations. This method can be used 
for valuation of insurance companies, and has been used in many solvency studies. The model 
treats inflation stochastically, and has four variables to describe the investments for ac~arial 

purposes: retail price index, share yield, share dividend, government securities yield. 
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B-IX-7 

WISE, A.J. ‘The Matching of Assets to Liabilities”. Journal of the Institute of Actuaries 111 
(1984) 445-501 

The purpose of this paper is to present the results of a new sNdy in which the matching position 
is well deftned by reference to appropriate actuarial models. The new theory leads to specilic 
portfolio structures which comprise tixed interest and equity or index-linked investments and 
which, in a defined sense are the best match to the given liabilities. As will be shown, the advan- 
tages of this approach emerge in a variety of applications. In particular it is found possible to 
quantify aspects of aCNa&d valuation which would otherwise only be considered in the light of 
general twsoning. The author restricts his attention to matching portfolios which contain no 
negative asset holdings. 

WISE, A.J. “The Matching of Assets to Liabilities”. Journal of the hst.iNte of Actuaries 111 
(1984) 445501 

The purpose of this paper is to present the results of a new study in which the matching position 
is well defined by reference to appropriate actuarial models. The new theory leads to specific 
portfolio structUres which comprise fixed interest and equity or index-linked investments and 
which, in a defined sense are the best match to the given liabilities. As will be shown, the advan- 
tages of this approach emerge in a variety of applications. In partictdar it is found possible to 
quantify aspects of actuarial valuation which would otherwise only be considered in the light of 
general reasoning. The author restricts his attention to matching portfolios which contain no 
negative asset holdings. 

WISE, A.J. “Matching and Portfolio Selection: Parts I, II”. Journal of the Institute of AcNaries 
114 (1987) 113-133,551-568 

This paper shows how any efficient portfolio can be divided into three mutually exclusive and 
distinct components: 

(1) the matching portfolio, which is defined by the property that the expected ultimate 
surplus is zero and the variance of the ultimate surplus is minimized, 

(2) a component which is related to the expected return on the portfolio but not to its 
degree of risk, 

(3) a component which is related to the degree of risk in the portfolio but not to its 
expected retum. 

The paper is concerned with investment portfolios which involve the liabilities of a long-term 
investing situation such as a pension fund or a life office. The author addresses the issue that 
actuarial valuations based on pure matching did not take into account the likely advantage of 
favouring riskier but potentially more prolitable investments. The methods of this paper allow 
the actuary to choose preferred values for reNm and risk in the portfolio relative to the liabilities. 
The author then investigates the problem of finding optimum portfolios with prescribed values 
of return and risk, but with no negative asset holdings. 
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Papers on Ratemaking 
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BECKMAN, R.W., TREMELLING, R.N. “The Relationship Between Net Premium Written and 
Policyholders’ Surplus”. Pmceedings of the Casualty Actuarial Society 59 (1972) 203-220. 

The authors make the following arguments based on the stock insurance industry premium- 
surplus ratio for the period 1928-1970: 

(1) the stock market is the major factor affecting policyholders’ surplus and the 
premium-surplus ratio. 

(2) the premium-surplus ratio measures the leverage of an insurance company and so the 
stockholders should prefer a higher ratio, but from the policyholders’ viewpoint, this 
ratio is an indication of the strength of the insurer and thus a lower ratio indicates a 
more heavily capitalized and “stronger” insurer. 

(3) the net premium written - policyholders’ surplus ratio is distorted because policyhold- 
ers’ surplus has been overstated. 

COOPER, R.W. “Investment Return and Property-Liability Insurance Ratemaking”. Huebner 
Foundation SNdieS, University of Pennsylvania, 1974 

This book examines the issue of how to include investment return in the ratemaking process. 
Four topics are considered: whether to focus on the total resources of the insurer or on the 
resources required to run the business; necessary level of capital; total rate of return on invested 
capital; relationship between total rate of tetum on invested capital, investment return and 
propetty-liability insurance rate levels. The author concluded that the focus of regulation should 
be on the resources required to support a company’s insurance business. With regard to the 
second topic, a formula was derived to determine the necessary level of invested capital, and 
using this method, the author contends that the ratios of premium to capital and surplus imposed 
by state regulatory authorities may be too restrictive. To answer the thii question, the author 
used capital market equilibrium theory to derive a “competitive” total rate of return. A model 
was then derived which addresses the relationship between return on necessary capital, expected 
investment return and profit provision for a given line of insurance. 

CUMMJNS, J.D. “Multi-Period Discounted Cash Flow Ratemaking Models in Pmperty- 
Liability Insurance”. Journal of Risk and Jnsumnce 57 (1990) 79- 109 

Discounted cash flow (DCF) models have become increasingly important in property-liability 
insurance pricing. This article analyzes the two most common DCF models - the Myers-Cohn 
(MC) model and the National Council on Compensation Jnsurance (NCCI) model. The MC 
model is shown to imply constant capital stntcttue based on present value concepts, while the 
NCCI model implies constant capital structure based on book values of reserves and surplus. 
The models reflect alternative and potentially testable hypotheses regarding the timing of equity 
flows involved in the insurance transaction. Because the equity timing differs, the models do not 
generally give the same result. 
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B-X-2 

D’ARCY, S.P., GARVEN, J.R. ‘Property-Liability Insurance Pricing Models: An Empirical 
Evaluation”. Journal of Risk and Insurance 57 (1990) 391-430 

In this article, the major property-liability insurance pricing models are evaluated for the period 
19261985, and the results of the various models ate compamd in terms of the ability to predict 
actual underwriting profit margins. Differences between model predictions and realized 
underwriting profit margin series are examined over the entire period as well as various sub- 
periods in order to demonstrate how individual models perform under different conditions. 

DERRIG. R.A. “Solvency Levels and Risk Loadings Appropriate for Fully Guaranteed 
Property-Liability Insurance Contracts: A Financial View”. International Conference on 
Insurance Solvency I, 1986. 

A model is proposed which applies financial theory concepts, specifically options pricing to the 
question of required solvency margins. A financial criterion for required solvency margins was 
proposed as a replacement for the usual statistical ruin criterion. Briefly, a company with an 
asset/liability ratio of .x is solvent at a level E > 0 if the premium necessary to reinsure its out- 
standing liabilities is less than E. 

DERRIG, R.A. “The Use of Investment Income in Massachusetts Private Passenger Automobile 
and Workers’ Compensation Ratemaking”. Fair Rate of Retum in Property-Liability Insurance 
(ed. Cummins, Hanington) 1987, KIuwer-Nijhoff, Boston 

This paper reviews the development of the methodology used to establish un&rwriting profit 
provisions for two insurance lines under rate regulation during 19751983. Summaries are given 
of the rates of each of the two lines. A survey of the key parameters and important issues con- 
cerning rate measurement is presented. The paper also illustrates the sensitivity of underwriting 
provisions to the parameters chosen, and compares the acNd results for the two lines to the tar- 
get results established by the various rate approvals. 

DOHERTY, N.A., GARVEN, J.R. “Price Regulation in Property Liability Insurance: A Con- 
tingent Claims Approach”. Journal of Finance 41(1986) 1031-1050. 

A discrete-time option-pricing model is used to derive the “fair” rate of return for the property- 
liability insurance firm. The rationale for the use of this model is that the financial claims of 
shareholders, policyholders, and tax authorities can be mcdelled as European options written on 
the income generated by the insurers asset portfolio. This portfolio consists mostly of traded 
financial assets and is therefore relatively easy to value. By setting the value of the sharehold- 
ers’ option equal to the initial surplus, an implicit solution for the fair insurance price may be 
derived. Unlike previous insurance regulatory models, this approach addresses the ruin probabil- 
ity of the insurer as well as a nonlinear tax effect. 
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B-X-3 

DOHERTY. N.A., RANG. H.B. “Interest Rates and Insurance Price Cycles”. Journal of Bank- 
ing andFinance 12 (1988) 199-214. 

Property-liability insurance prices and profit appear to move in a six year cycle. Many industry 
analysts claim that the insurance market is inherently unstable and prices fail to converge on 
clearing levels. The authors have a different explanation. They identify spot equilibrium prices 

using CAPM. But informational, regulatory, and contractual lags preclude instantaneous adjust- 
ment. So they model the temporal movement of prices using a partial adjustment model in which 
actors form rational expectations. The actual movement of insurance prices does seem to track 
closely those estimated by the partial adjustment model. The cycle may be bttter viewed as a 
series of converging responses to changing spot prices. 

DOHERTY, N.A., GARVEN, J.R. ‘Capacity and the Cyclicslity of the Insurance Markets”. 
International Conference on Insurance Solvency BI, 1991. 

Although financial pricing models imply that profits and property-liability insurance fvms 
should conform to an unpredictable time series process, cycles are widely reported. Some con- 
troversy exists as to whether the “underwriting cycle” is a mere accounting srtifact or whether it 
has real resource effects. This paper shows that changes in interest rates simultaneously affect 
the insurer’s capital structure and the equilibrium level of underwriting profit. Depending on 
factors such as asset and liability durations, access to capital markets, and availability of capital 
substances such as reinsmance, insurers will be differently affected by changing interest rates. 
Over time, it is found that the average market response to changing interest rates roughly tracks 
market clearing prices although the response is somewhat damped. However, f&s with 
mismatched assets and liabilities as well as those with more costly access to new capital and 
reinsurtmce, are more likely to respond to interest rate changes by either rationing or abnormal 
price changes. 

HAUGEN, R.A., RRONCKE, C.O. “Rate Regulation and the Cost of Capital in the Insurance 
Industry”. Journal of Financial and Quantitative Analysis 6 (1971) 1283-1305 

The authors discuss some of the effects of rate regulation in the property and casualty insurance 
industry. One consequence of the regulatory environment is that au optimal capital stn~ctnm 
may clearly exist in this industry. If the rate of return to the insumds is generally deficient, it is 
expected that propetty and casualty stock companies would have sn incentive to lever them- 
selves to the maximum extent permissible by selling insurance. The classic monopoly of the 
economic literature finances its lucrative investment opportunities in a competitive capital 
market. The stock insumnce company invests in that market, but the relative distribution of the 
return earned there may he less than equitable due to the process and standards of rate regulation. 
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B-X-4 

KRAUS, A., ROSS, S.A. “The Determination of Fair Profits for the Property-Liability 
Jnsurance Firm”. Journal of Finance 37 (1982) 1015-1028 

Single period and dynamic valuation models in continuous time, under certainty and uncertainty, 
are developed for a property-liability insurance contract to determine the “fair” (competitive) 
premium and undenvriting profit. The intertempmal stochastic model assumes that the claim 
frequency and the price index of claim settlements are functions of a set of underlying state vari- 
ables which follow a multivariate Wiener process. The competitive premium is shown to be pro- 
portional to the claim fmquency and the price in&x for claim settlements at the time the policy 
is issued. The factor of proportionality varies directly with the claim settlement rate and the 
length of coverage, and inversely with the risk-adjusted real intenst rate on the dollar-valued 
claim rate. 

LAURIE, J.J., PHILLIPS, G.M. ‘The Effect of Solvency Regulation in the Underwriting 
Cycle”. International Conference on Jnsurance Solvency II (1988) 

This paper focuses on the frequently utilized regulatory test for capacity which states that net 
premiums written should not be greater than thtee times policyholders’ surplus. The difficulty 
with this solvency measure is that net premiums written is immediately affected by price 
changes. A simple example of the manner in which flows on this measure may exacerbate the 
underwriting cycle is given. This is followed by a formal model which measures the extent to 
which changes in net premium written reflects price changes rather than real changes in 
insurance exposure. 

MARTIN-LOF, A. “Remium Control in an Insurance. System; An Approach using Linear Con- 
trol Theory”. Scandinavian Actuarial Journal (1983) l-27 

A mathematical model of cash flows and reserves is discussed and a linear control law with feed- 
back for the premium is discussed. The behaviour of the system is analyzed using the methods of 
control theory. It is shown that stability is maintained only if the feedback is not too strong, and 
that undesirable oscillations can easily be produced caused by &lays in the system. It is shown 
how a quantitative measure of necessary solidity can be naturally introduced, and consideration 
is given to the problem of determining the control so that a &sired solidity is obtained. 
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B-X-5 

ROSS, J.A.. FOUNTAIN, C.C. “Comparison of International General Insurance Underwriting 
Results and their Volatility”. Transactions of the Intcmational Congress of Actuaries (1988) 

This paper studies undenvriting results in seven major intemational markets over tbe period 
19751984. ‘Ihe mason for the study is that many companies try to mitigate the undenvriting 
cycle by international diversification. The study shows that Japan, followed by Germany, was 
the most profitable market, with France being the least. Getmany and Fmnce had the least vari- 
able markets while Australia, followed by the U.S.A., was the most variable. All markets were 
positively correlate& with Germany being the least so. The conclusion is that since intemationsl 
markets tend to move in the same direction, diversification can limit the worst effects of the 
cycle but not overcome it. 

TAYLOR, G.C. “Solvency Margin Funding for General Insurance Companies”. Journal of the 
Institute of Actuaries 111(1984) 173-179 

The author disagrees with the idea that growth of an insurance company should be financed by 
premium loadings entirely. He believes that the solvency margin should be viewed as part of the 
working capital needed to run the company. This will make it necessary to ensure that each 
year’s business produces a return on this margin commensurate with the risks undertaken in the 
business. However, premiums may still need to contain some loading to provide appropriate 
return on shareholders’ funds. In a sense, then, all growth is to be fmanced by premium load- 
ings, but only in the form of return on equity, not in the form of what amounts to permanent sub- 
scription of capital by policyholders. 

TAYLOR, G.C. “An Analysis of Underwriting Cycles in Relation to Insurance Pricing and Sol- 
vency”. International Conference on Insurance Solvency II, 1988 

It is the conventional wisdom of the insurance industry that the total opemting profit exhibits 
cyclical behaviour over time. This paper tries to determine the mechanisms responsible for caus- 
ing this cycle. It also examines the effects of the cycle in terms of insurer pricing and solvency, 
and discusses whether regulatory policies might eliminate or mitigate these cycles. 

TRIESCHMANN, J.S. “Pqerty-Liability Profits: A Comparative Study”. Journal of Risk and 
Insurance 38 (1971) 437-453 

The author studied the risk-adjusted rate of return of the property-liability insurance industry and 
compared it with non-insurance industries. He concluded that the insurance industry had a sta- 
tistically significantly lower rate of return than the non-insurance industries that were tested, for 
the years 1955-1968. He also discovered that “small” insurance firms had significantly lower 
rates of return than “medium” and “large” insurance firms, but the latter two were not signifi- 
cantly different from each other. 
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VENEZIAN, E.C. “Ratemaking Methods and Profit Cycles in Property and Liability Insura~~ce”. 
Journal of Risk and Insurance 52 (1985) 477-500 

Insurers and rating bureaus often use regression of past costs, or of loss ratios, on time as a way 
of estimating future rate requirements. A model of this process suggests that the mtes set by 
such methods would create a quasi-cyclical pattern of underwriting profit margins. The &tails 
of the forecasting method determine the characteristics of the cyclical pattern, so different lines 
may have different periods or different phases. Empirical data on major lines of property and 
liability insurance are consistent with the hypothesis that ratemaking methods contribute to the 
fluctuations of un&n+riting profit margins. 
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BENJAMIN, S. “Solvency and Profitabiity in Insurance”. Transactions of the International 
Congress of Actuaries (1980). 

This paper gives reasons why the actuarial profession should beware of discussing the financial 
position of an insurance company (a) within the conceptual framework of GAAP as used for life 
insurance companies in the U.S.A., and (b) within the conceptual framework of conventional 
accounting throughout the world for non-life companies. The paper argues that the conventional 
split between (i) technical provisions (reserves) and (ii) the free assets forming the solvency mar- 
gin is false. Hence the practice whereby (i) is estimated without regard to the arbitrary level of 
(ii) which is set by the control authorities, should be unacceptable to the actuarial profession. 

The paper argues that the traditional actuarial approach to cautious reserves in life insurance 
without arbitrary external solvency margins gives an acceptable conceptual framework for both 
life and non-life insurance accounts, and is consistent with good supervision in a free competi- 
tive market. A simple method of assessing the strength of an insurance company, based on past 
loss-ratios is suggested in an Appendix. 

CANADIAN LJFE AND HEALTH INSURANCE ASSOCIATION “CLHIA Formula for 
Minimum Continuing Capital and Surplus Requirements”, 1991 

This paper gives the formula for determining the MCCSR. Each of the following elements 
receives a particular weight, the total of which comprises the MCCSR. 

A. Life Insurance 

1. Mortality Risk 

(a) Insurance (including accidental death and dismemberment) 

(b) Disability and other Morbidity Risks 

(c) Annuities Involving Life Contingencies 

2. Interest Margin Pricing Risk 

(a) participating and non-participating business 

(b) all other business 

3. Asset Default (C-l) Risk 

(a) Short Term Securities 

(b) Bonds 

(c) Mortgages 
(d) Transportation Equipment Trust &tificates 

(e) Bulk Adjustment for Unamortized Gains and Josses on the Disposition of 
Debt Securities 

(f) Stocks 

(g) Real Estate 

01) 
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Oil and Gas Production Properties 
(i) Investment Income Due and Accrued 

4. Changes in Interest Rate Enviromnent (C-3) Risk 

B. Accident and Sickness Insurance 
1. Morbidity Risk 

(a) Disability Income Insmance 

(b) Accidental Death and Dismemberment 

(c) other Accident and Sickness Benefits 

(d) Credits for Reinsurance and Special Policyholder Arrangements 

(e) Adjustments for Statistical Fluctuation. 
2. Financial Risk 

C. Miscellaneous Requirements 

(a) Reserve for Cash Value Deficiencies and Amounts of Negative Reserve 

(b) Valuation Reserve for Miscellaneous Assets and Other Investments 

(c) Statutory Currency Reserves 

(d) Reserve for Reinsurance Ceded to Unregistered Reinsurers 

(e) Surplus appropriated for special risks not covered by the formula. 
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(THE) COUNCIL OF THE EUROPEAN Co MMUNITES ‘Tim Council Directive for Direct 
Life Assurance” * 1979 

This paper gives a determination of the risk-based solvency margin for life insurance companies 
in the EEC. The solvency margin shall consist of: 

(1) assets, including paid-up share capital or paid-up mutual fund; half of unpaid-up share 
capital or fund once 25% of such capital OT fund are paid up; statutory reserves and 
free teserves not corresponding to underwriting liabilities; any carry-forward of pro 
fits. 

(2) profit reserves appearing in the balance sheet where they may be used to cover any 
losses which may arise and where they have not been ma& available for distribution 
to policyholders. 

(3) (i) an amount equal to 50% of the undertaking’s futum profits, 

(ii) the difference between a non-Zillmerized mathematical reserve and a mathemat- 
ical reserve Zillmerized at a rate equal to the loading for acquisition costs 
included in the premium, 

(iii) any hidden reserves resulting from underestimation of assets or overestimation 
of liabilities other than mathematical reserves. 

Based on these rules, a minimum solvency margin is then determined for the various 
classes of insurance. One third of the minimum solvency margin shall constitute the 
guarantee fund, and at least 50% of this fund shall consist of items (1) and (2) above. In 
addition to this document, a similar one has been drawn up for general insurance. 

CUMMINS, J.D., OUTREVILLE, J.F. “An International Analysis of Underwriting Cycles in 
Property-Liability Insurance”. Journal of Risk and Insurance 54 (1987) 246-262 

Most prior analyses of underwriting cycles have explained cycles as a supply-side phenomenon 
involving irrational behaviour on the part of insurers. This paper proposes instead that insurance 
prices am set according to rational expectations. Although rational expectations per se would be 
inconsistent with an underwriting cycle, the authors hypothesize that cycles are ‘created’ in an 
otherwise rational market through the intervention of institutional, regulatory, and accounting 
factors. Empirical evidence is presented indicating that underwriting profits in several industri- 
alized nations are consistent with this hypothesis. 
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KASTELIJN, W.M., REMMERSWAAL, J.C.M. “Solvency”, Surveys of Actuarial Studies, 
(May, 1986) No. 3 Nationale-Nederlanden N.V., Rotterdam 

This book gives a survey of methods that can be used to calculate solvency margins. The book 
discusses methods based on ratios, as well as methods based on claims fluctuations or ruin 
theory. The book also covers the two most comprehensive models in existence: The Finnish 
Solvency Study, and the GISG Reports on Solvency. The authors also discuss the economic 
aspects of solvency. 

McGuINNEsS, J.S. “An Economic Perspective for Controlling Fluctuations in Insutcrs’ Busi- 
ness Results”. Transactions of the International Congress of Actuaries (1988). 

This paper explores the possibility of establishing criteria for a complete model for studying or 
controlling the strength of individual insurers. An economic perspective is first suggested for 
business operations and for their management. Insurance and other security-related activities am 
next fitted into the managerial pattern. The vital need for a comprehensive approach to manag- 
ing in a coordinated fashion both random risk and non-random risk is then discuss& Practical 
implications and applications are finally considered and some conclusions drawn. 

NIELSON, N.L., GRACE, E.V. “Capacity as an Indicator of Insurer Solvency”. International 
Conference on Insurance Solvency II, 1988 

This paper indicates that, when capacity is defined without consideration of reinsurance, a large 
proportion of the variance in capacity utilization can be explained by the size of the company, its 
perceived financial strength, its product mix and capitalization requirements, its organizational 
form, and the risk of its investment operation. When capacity is defined to include reinsurance 
the variance in capacity utilization can be more fully explained with half the number of vari- 
ables. In this formulation a company’s perceived financial strength, capitalization requirements, 
and investment risk offer signficant explanation of capacity underutilization. 

OUTREVILLE, J.F. “The Transactions Demand for Cash Balances by Property-Liability 
Insurance Companies”. Journal of Risk and Insurance 54 (1987) 557-568 

The critical nature of the demand for cash balances by firms has generated a considerable 
amount of theoretical and empirical research, although much controversy remains. The study 
developed in this paper provides empirical evidence in the insurance sector that is consistent 
with the literature on the existence of economies of scale in the demand for cash balances and 
the influence of interest rates. 
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PARDO-VIVERO. A. “Reinsurance, Reserves, and Solvency”. Transactions of the Intema- 
tional Congress of Actuaries (1984) 

It is shown that the rules of thumb used by supervisory authorities are not adequate to guarantee 
solvency in all cases, and in conditions of stagflation it is not rational to tie up money in sol- 
vency funds. Reinsurance arrangements are available which can support solvency without the 
need for excessive funding. This feature has been overlooked lately, as has the need for a 
rational and consistent taxation policy. 

PENTMAINEN, T. “Aspects on the Solvency of Insurers”. Transactions of the International 
Congress of Actuaries (1984) 

The problems nlated to solvency are reviewed and some solutions and applications are dis- 
cussed. The importance of profitability, cycles, and inflation is emphasized, taking into account 
the possibilities of inaccuracies arising from the evaluating of liabilities, and from the fluctuation 
of the yield of interest, and asset risk. Further, there exists a wide range of miscellaneous incal- 
culable risks in addition to the normal underwriting risks. 

PENTIKAINEN, T. “On the Solvency of Insurers”. International Conference on Insurance Sol- 
vency I.1986 

The author gives an ovemll view of the solvency issue as he sees it. The following topics are 
discussed: 

(1) public supervision and management control, 

(2) risk analysis, both theoretical and empirical, 

(3) public solvency control, 

(4) accounting and analysis systems for solvency management. 

RAMLAU-HANSEN, H. “An Application of Credibility Theory to Solvency Margins: Some 
Comments on a Paper by G.W. de Wit and W.M. Kastelijn”. Astin Bulletin 13 (1982) 37-45 

This paper criticizes the work of de Wit and Kastelijn. The author argues that the solvency mar- 
gin need not be the same for all non-life insurance companies. He also considers the figure cal- 
culated by de Wit and Kastelijn to be very high. He further states that loss ratio figures alone 
should not determine solvency margins, but analysts should consider portfolio mixture, claim 
occurrence, claim distribution, inflation rate and interest earned on premium income. 
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RANTALA, J. “Adequate Contingency Reserves in Credit Insurance: Report on a Financial 
Study”. Transactions of the International Congress of Actuaries (1984) 

This article comprises a summary of a study made in Finland in 1982 concerning the solvency 
issue in credit insurance. A model is estimated for bankruptcy intensity and average claim size. 
This model is then used to evaluate the variance in the solvency ratio of the cmdit insurer. The 
solvency ratio and appropriam safety loading level are discussed, as welJ as the potential effects 
on a credit insurer’s solvency of a major economic depression. 

SLEE, D.J. “Solvency and Adequacy of Reserves for a Direct Writer of Worker’s Compensation 
Insurance in Austraha”. Transactions of the International Congtess of Actuaries (1984) 

The paper suggests that: 

(a) the current solvency formula in Australia is quite arbitrary and by itself it is of little 
value, 

(b) the actuary is best positioned to monitor and test rather than provide figures for 
reserves, 

(c) because different lines require different treatment, authorities must have a degree of 
flexibility in this control of solvency, 

(d) to achieve control with flexibility, companies must not merely pass a static test, but 
provide a meaningful forward position with an individual pre-agreed solvency plan, 

(e) income generating such pm-agreed solvency requirement should be tax-free, 

(f) bonds should not necessarily he taken at market value for solvency purposes, 

(e) unless all the above concessions are granted, authorities will become inflexible and 
inevitably stiffen requirements to the point of shareholders throwing in the towel to 
State monopoly. 

STONE, J.M. “A Theory of Capacity and the Jnsurance of Catastrophe Risks”. Journal of Risk 
and Insurance 40 (1973) 231~243,339-355 

This paper proposes a formal structure for the study of insurance company capacity problems. 
The first part develops the theory by applying a maximization (of profit) subject to constraints 
(on stability and survival) model to the risk selection and underwriting process. It is concluded 
that the stability constraint is generally the operative one and that capacity may be measured as a 
probability distance from the constraint boundary. In the second part, this format is employed to 
explore hypothetical examples in catastrophe underwriting and to draw implications about the 
futum of the capacity problem. Here it is shown that the present capacity shortage in the indus- 
ny could be substantially alleviated by the increased participation of personal lines insurers in 
the industrial markets and that the shortage may be intensified by the current trend toward cor- 
porate self-insurance. 
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STURGIS, R.W. “ACNWM Valuation of Property/Casualty I.nsurance Companies”. Roceed- 
ings of the Casualty A~~arial Society 68 (1981) 146159 

The author describes a basic method for the aCNiihd valuation of property/casualty companies, 
based on the economic value of the company. For this purpose he has adapted a classical life 
company valuation method to determine the capitalized value of expected future earnings. The 
business in force is considered to be the run of unearned premiums and the losses, expenses, and 
investment income on premiums already written. Projected earnings on new business am 
evaluated separately. An example is given of a company writing only workers’ compensation, 
but it can be extended to any number of lines. 

TAYLOR, G.C. “Solvency Margin Funding for General Insurance Companies”. Journal of the 
hStiNte of AcNaries 111 (1984) 173-179 

The author disagmes with the idea that growth of an insurance company should be financed by 
premium loadings entirely. He believes that the solvency margin should he viewed as part of the 
working capital needed to run the company. This will make it necessary to ensure that each 
year’s business produces a return on this margin commensurate with the risks undertaken in the 
business. However, premiums may still need to contain some loading to provide appropriate 
return on shareholders’ funds. In a sense, then, all growth is to be financed by premium load- 
ings, but only in the form of return on equity, not in the form of what amounts to permanent sub- 
scription of capital by policyholders. 

TAYLOR, G.C., BUCHANAN, R.A. “The Management of Solvency”. International Confer- 
ence on Insurance Solvency I, 1986 

The authors discuss the following topics: 

1. measurement of solvency, 

2. factors affecting solvency, 

3. management of solvency. 

The authors conclude that the solvency margin depends on the following variables: 

1. relative exposures to insolvency due to futum claims fluctuation and asset fluctuation 
respectively, measured by the ratio of risk premium to value of liabilities, 

2. estimated value of liabilities, 

3. expected tirture rate of increase and variability of unit asset values, 

4. size of portfolio, as broadly indicated by claim frequency, 

5. contribution to risk of the different lines of business underwritten. 
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P&C Risk-Based Capital 

One of the components of the proposed Property & Casualty Risk- 

Based Capital formula is reserve and underwriting risk factors. The 

American Academy of Actuaries Property & Casualty Risk-Based Capital 

Task Force has prepared the following report on these risk factors and 

recommended them to the NAIC P&C Risk-Based Capital Working Group. 

The Task Force recognizes that the measurement of risk is an emerging 

area of thought and technology. The Task Force views this report as a 

good foundation for further study of this critical issue, and not as the 

“definitive word” on the subject. Hopefully this report will stimulate 

further study of and papers on this subject. 

Another component of the formula is covariance. Also included here 

is a report on this topic to the Working Group. 
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Introduction 

Until its abolition in March of 1993, the Actuarial Advisory Ccmmitree to the NAIC 

Property/Casualty Risk-Based Capital (RBC) Working Group had been engaged in a 

comprehensive study of the factors for reserve and underwriting risk in the risk-based capital 

formula. This study included reviewing and testing the current draft factors, and also the 

development of reserve and underwriting factors by several alternative means. The 

American Academy of Actuaries Property/Casualty Risk-Based Capital Task Force has 

continued, and completed that study. 

This report summarizes our analysis, conclusions and recommendations. It is supplemented 

by a set of Technical Appendices which document our analysis and supporting cakculations 

more fully. 

This report starts with a critique of the method that was used by the Working Group to 

develop the current reserve and underwriting risk factors, Next, these factors are compared 

to the alternative factors recommended by the Academy Task Force. The balance of the 

report describes the methodolopv thnr rhe Task Force developed to produce the 

recommended alternative risk factors. 

The reserve and underwriting risk factors in the risk-based capital formula imply a set of 

charges by line of business. Ttfe focus of this scu@ is OH the nppropri~terress of the level of these 
charges and sot o?t the specific fomruln meclmtics thngb which the fitws ma& be applied. 

For example, it is not the purpose of this report to discuss whether or how individual 

company experience should be reflected in developing the risk charges, or wherher reserve 

risk charges should be converted to factors applicable to historical premiums rather than 

held reserves. Instead. we are considering the basic issue of the level of the risk charges by 

line of business. 
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Critique of Current Reserve and Underwriting 
Risk Factors 

The current factors are based on industry ‘worst-case” experience. 

The current reserve and underwriting risk factors in the drafr risk-based capital formula are 

based on the “worst case” experience of the industry over the ten years From 1981-1990, as 

reported in 1990 Annual Statements. Specifically: 

n The reserve risk factors for each line reflect the average company’s reported reserve 

development in the worst year of development For the industry for that Line. 

m The written premium risk Factors for each line reflect the average cornpan+ reported 

loss ratio in the worst year of experience for the industry for that line. 

m In the RBC formula, all of the reserve and undenvriting risk factors are offset by a credit 

for the time value of money, using a flat 5% interest rate and loss payout patterns 

derived using IRS methodology 

For example, the industry’s worst reserve inadequacy for Homeowners occurred in 

December, 1983. Through December, 1990 the average company has reported adverse 

Homeowners reserve development of 19.3%. Offsetting that development for interest 

at 5% (a factor of ,910) produces a net development, and a net RBC charge of S.6% of 

Homeowners reserves. 

Similarly in 1989, the worst year of the last ten, rhe average company experienced a 

Homeowners’ loss ratio of 82.2%. Discounting that loss ratio For interest at 5% (a Factor 

OF .919) reduces it to 75.5%. Adding underwriting expenses of 31.S% produces a 

combined ratio of 107.3%, and a net RBC charge of 7.3% of written premium. 

The chart on the Following page summarizes the current RRC factors for each lint, and the 

net charges they imply 
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Cnrmt Ronm rdllndarwriting Rizk Charges 

Li of Business 

0.193 

Rirata Rrmnpar Auto Liability 0.223 
CammU Auto Liabilii 0.278 

WprkmCmnpnrstion 0.228 
Cmrnwcici MJtipril 0.434 
Rcductr UaLlilii 0.512 
BmtllLitiiiiy 0.512 
MuhI Maiprretic* 0.697 
&mill Lirbilii 0.163 

.0.037 

Reserve I 
Nminal Llircour 

0.423 

LOSS 

Ratio 

0.822 

1.047 
1.087 

1.026 
0.923 
1.087 
1.087 
1.730 
0.990 

0.718 

1.507 

Underwriting Risk 
Olrcom 
Factor -- 

j " 0.919 0.318 ,,omsi 

s.. 
0.921 0.239 f 
0.921 0.301 "iC 

,..l! 
0.856 0.179 
0.919 0.371 'J .t 
0.825 0.260 : ,'i 
0.825 0.287 

0.7Q3 0.159 

::G$ 

<: R 
0.919 0.339 

ryy9 
0.561 0.274 p,g g:pt r 

1.433 0.728 0.251 

It should be mted that tite vet &ayes sbouw irk the above chart are tl?e clgaavges npplicabk w the 

average campay. In the current draft formula, the charges applicable to individual 

companies will vary from those shown above, due to the influence of rheir own reserve 

development, underwriting experience, and expense ratios. 

We believe that the first level of testing should be to assure that these net risk-based capital 

charges by tine of insurance are reasonable. The focus of this study is, therefore, on the 

appropriateness of these net charges, and not on the specific Formula mechanics through 

which they would be applied. Issues of Formula mechanics are subsidiary to the basic issue 

of the levels of the net risk charges. In this report, we are neither endorsing nor 

repudiating the existing formula mechanics; we are merely setting aside mechanics-related 

issues to focus solely on the level of the charges. Once the level of net charges is 

established, those charges can be converted into factors that accommodate any chosen set of 

Formula mechanics. 
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The current factors emphasize the specific forces underlying the last 

industry down-cycle, rather than the current and future risks to the 

industry. 

The current factors reflect the historical experience of the industry in the last underwriting 

down-cycle. In particular, they reflect the severe adverse reserve development that occurred 

in general liability, medical malpractice and reinsurance, and the very severe loss ratios in 

malpractice and reinsurance. 

The experience during this particular cycle is dominated by several factors: 

H The tort Liability explosion, purricularlv in respect to asbestos and environmental 

liabilities. 

m A great deal of naive capacity, focused especially on general liabilitv and reinsurance lines. 

n High interest rates, creating intense pressures to engage in cash flow underwriting 

m High inflation rates. 

While the next down-cycle could easily be as severe, the specific forces that drive it will 

probably be different (as they are in each cycle), such thar the incidence of adverse results 

by line will probably also be different. For example, indusrry observers currently see 

Workers Compensation as a line in great distress. However, during the last cycle Workers 

Compensation loss ratios and reserve developments were not particularly unfavorable. As a 

result, the current reserve and underwriting risk factors for Workers Compensation are 

relatively modest. A similar observation might apply to Homeowners, given the recent 

catastrophe experience. 

The methodology underlying the current factors, therefore, seems somewhat overly focused 

on the specifics of the recent past. While past experience is useful as a guide, it needs to be 

interpreted in terms of the current and future risks faced by the industry. 
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The current factors create very high capital requirements (relative to 

industry norms) for some lines, and very low ones for others. Their 

implementation may cause significant market dislocations. 

To test the reserve and underwriting risk factors for each line of business, we developed an 

industry Premium-to-Surplus ratio model In that model, each set of reserve and 

underwriting risk factors were combined with those applicable to assets to produce the 

overall risk-based capital for the line. The resulting risk-based capital can then be compared 

to the premium volume to determine the implied Premium-to-Surplus ratio. These results 

are presented below. 

implied Pntninm-to&rplw ii&s - Current Factors 

BYear Pmpwty Lines 

0 1 2 3 4 5 6 7 6 

As can be seen, the current factors imply very different Premium-to-Surplus ratios by line of 

business. Capital requirements are quite high for Liability, Medical Malpractice and 

Reinsurance; and quite low for Homeowners, Workers Compensation and Property 

In rtirrg the &we chart, it is impartntrt to zmderrtn~rd that the above Premium-to-Surplus 

r&r rcpresnlt mnrim~mr. If the industry (or an average company) were to actually operate 

above the Premium-to-Surplus ratio shown, it will have crossed the risk-based capital 

threshold; with actual surplus below the risk-based capital requirement. The industry will, 
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therefore, have to capitalize each line b&w the Premium-to-Surplus ratios shown to prevent 

individual companies fmm triggering regulatory attention. 

Our use of the Premium-to-Surplus ratio as a test of the formula should not be 

misinterpreted as an endorsement of this test as a measure of the capital adequacy of an 

individual company. The Premium-to-Surplus ratio has been justifiably criticized for its 

shortcomings as a measure of leverage. Here we are only using it to present overall in&stty 

capital requirements for each line, using a conventional measure as a matter of convenience. 

Premium-to-Surplus ratios do vary among different segments of the industry, reflecting 

different risk profiles of the mix of business written by each industry segment (see the 

recent study by ISO, for example). Tlge Am&my Sk Forcefully nrppm~s the notion that the 

Risk-Bwed Capital requirements by line shld rtflecct discmrnbk dz@retrces in the riskiness of 

cacb litrc. However, we are concerned that the swings in capital requirements displayed in 

the preceding chart seem greater than most would think reasonable. 

Based on current industry norms, the implied capital requirements for products and general 

liabiliry, medical malpractice, and reinsunnce seem to be too high. This is a critical issue as 

it is likely to affect the available capacity in these lines. Companies will tend to reduce 

their future writings in lines where they perceive that capital requirements are too high, 

focusing instead on lines where capital requirements are less. If the differences between 

current perceptions of capital requirements by line and RBC calculated requirements by line 

are large, the significant market implications of the differences require that the assumptions 

underlying the RBC factors be analyzed critically. 

Finally, we would caution that the Premium-ro-Surplus ratio model was developed as a 

heuristic tool to aid in reviewing the implications of the level of the various risk-based 

capital charges. The model required a number of simplifying assumptions that are 

reasonable at the overall industry level, but are not appropriate for use in evaluating the 

impact of the formula on an individual company. For example, in the model we assume an 

industry average mix of invested assets for each line, and we do not consider any of the 

charges for investments in afliliates. Due to these simplifying assumptions, the model 
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understates the total risk-based capital generated by the formula, by an estimated 15 to 

20%. Despite these limitations, we believe die model is a useful tool for comparing the 

relative risk-based capital requirements by line of business. 

The assumptions underlying the Premium-to-Surplus rate model are summarized in the last 

section of this report. Further details can be found in Appendix C. 
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Recommended Reserve and Underwriting 
Risk Factors 

Our recommended factors reflect the inherent riskiness of each line of 

insurance. 

After testing a variety of approaches, the Academy Task Force has developed a set of 

alternative reserve and underwriting risk factors, which it recommends the Working Group 

adopt and incorporate into the draft RBC formula. 

The methodology rationale and supporting data that underlie our recommended alternative 

factors are described in the next section of this report. Additional supporting detail is 

provided in a set of Technical Appendices. While the methodology underlying the 

recommended factors is somewhat complex, we believe the resulting factors better reflect 

the inherent riskiness of each line of insurance. 

Our recommended alternative reserve nnd undcnvriting risk Etctors arc summarized in the 

chart below. 

Prqtmwd Alt8rmtivr Reserve and Underwriting Risk Charges 

Reserve Risk 
Nminal Dircwnt 

Factor hctw -- 

0.304 0.920 

0.209 0.918 
0.232 O.Sol 

0.292 0.850 
0.293 0.992 
0.269 0.875 
0.411 0.815 
0.243 0.685 
0.370 0.825 
0.254 0.045 
0.399 0.765 
0.293 0.097 

0.325 0.966 

0.339 0.659 

Underwriting Risk 

1.012 0.941 0.316 

0.099 0.924 0.239 
0.967 0.099 0.301 

1.101 0.002 0.179 
0.973 0.691 0.371 
1.133 0.947 0.260 
1.407 0.799 0.260 
1.090 0.664 0.267 
1.320 0.905 0.267 
1.326 0.923 0.159 
I.666 0.745 0.159 
0.845 0.912 0.399 

0.941 0.963 0.274 

1.154 0.862 0.262 

tht 
a 

O.&-O 

Lwo 
D.t3Cl 

u.m 
lw40 
mKl 
ha70 
Lkm 
w3u 

m00 
w50 
5.r30 

0.400 0.914 5.280 1.310 0.915 0.251 0.460 
0.465 0.751 0.150 1.399 0.740 0.251 iiml 
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The overa level of risk-based capital is a key judgement that must be made before the 

formula can be finalized. Raising the charges increases the level of capital, which increases 

the security afforded to policyholders. At the same time, the higher level of capital implies 

higher costs for policyholders, to provide the necessary returns on the higher capital. 

Ultimately; the formula must strike a balance between the competing objectives of security 

and cost. 

Oz~r tmmmm.&d factms are mcnrrt to be “mtutval” otz this isf#e. We have calibrated them so 

that they produce the same amount of total risk-based capital for the primary insurance 

industry as the current factors. This was done largely to permit their comparability to the 

current factors, and should not be interpreted as an endorsement of the resulting level of 

capital, per se. 

Ij aper review arrd test+@, the N6rkitrg Group wishes to n&c m imwr the level of capital, our 

ftiors can ear@ be rccalcrhted to reject the desired level. As will be seen in subsequent 

sections, the methodology we have developed to calculate the factors makes use of an 

explicit capital standard (the Expected Policyholder Deficit) as an input. We calculated 

factors at several alternative capital standards before settling on our recommendation. 

Note that the recommended risk factors include separate factors for claims-made versus 

occurrence business. As part of our analysis, we performed a separate study of the relative 

riskiness of the two coverage forms. Based on that study we are recommending lower 

factors for claims-made business than for occurrence business. 

Our study also updates the discount factors to reflect 1991 Schedule P experience. The 

discount factors continue to be based on IRS payout pattern methodology and a 5% 

interest rate. 

Finally as a simplification to the formula we have constructed underwriting risk factors that 

include provision for the risk associated with both written and unearned premium, but are 

applicable t&y to written premium. Thus, if our factors were adopted, it would be 

appropriate to delete the unearned premium componenr in the formula. 
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The resulting capital requirements for each line are more reasonable. 

Our recommended alternative factors also imply maximum Premium-to-Surplus ratios, as 

summarized in the chart below. 

Inydivd Premium-t&urplur Ratios - Proposed Altarnativv Factors 

Private Pass. Auto Liibilii 
Commercial AuIo LkabUii 

wwkefscanpensatbn 
Commercial Muitipwll 

Products lhb.. Clskns-made 
Products Uab. - Ocwrrmos 
General lhb. -Clam 

GenemlL~.-occu- 
Mediil Map.. ck.ims-mada 

khdll hklp. - ocwnenc8 
Special Liabnky 

0 1 2 3 4 5 6 7 6 

Not only are the proposed alternative factors more rigorously developed, but, as can be 

seen, they do not produce the wide differences in Premium-to-Surplus ratios as do the 

current factors. Most importantly, they do not imply unreasonably stringent capital levels 

for any line. The variation in Premium-to-Surplus ratios is more consistent with the 

observed variation in capitalization across different segments of the industry 

As was noted in an earlier section, since the Premium-to-Surplus ratio model does not 

capture all elements of the risk-based capital formula, it understates the total risk-based 

capiml the formula will generate. The implied Premium-to-Surplus ntios for all lines are 

correspondingly oversmted. We do not believe this shortcoming of the model distorts the 

overall picture presented in the preceding chart. 
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It is essential that work continue to improve and refine the measurement 

of risk. 

The Academy Task Force believes that its recommended alternative factors, and the 

approach it has developed to measure risk, are a substantial improvemenr over the currenr 

draft factors. However, the Task Force also recognizes that the measurement of risk is an 

emerging area of thought and technology. The Task Force views this report as a good 

foundation for further study of this critical issue, and not as the “definitive word” on the 

subject. 
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Development of Alternative Measures of 
Reserve and Underwriting Risk 

The approach underlying the current factors can be summarized as follows: 

Industry-wide bias in reserving and pricing was identified as a major risk factor, and it 

was measured from Schedule P information on an undiscounted basis. 

It was agreed that investment income on assets corresponding to loss reserves and 

premium should be considered before using rhe values from Step 1. 

Individual company fluctuation around the indust? bias was considered relevant, but 

was not reflected because (a) the factors derived from Steps 1 and 2 above were 

already sufficiently conservarive, and (b) there was not readily available a mcchod to 

measure individual company variation. 

The approach that the Academy Esk Force has rnken improves on the currenr approach in 

the following ways: 

The method conrinues ro use Schedule P runoff information as a srnrting point. 

Rather than using a flat 5% interest rate, the interest rate is based on the prevailing 

interest rate during the historical period. Since company earnings actually reflected 

these prevailing rates, the variable rates better measure the risk. 

Measurements of industry variability over time and individual company variability 

around the industry average have been prepared in a form which can bc reflected in 

the analysis. 

With these improvements, the alternative reserve and underwriring risk factors have been 

developed, as described furrher in rhe sccCons below 
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Our reserve and underwriting risk factors are developed using a conGotent 

conceptual approach. 

The fundamental risk associated with insurance contracts is that the actual cost of claim 

liabilities will vary from expecred costs. 

This risk obviously exists on all future business, because the insured events may or may not 

occur. In addition, the claim costs of the events that do occur are affected by the future 

social and economic conditions during which they are settled, adding to the uncertainty of 

their cost. A portion of the risk therefore remains on past business, to the ement that not 

all claims are settled. 

Because claims can take several ymrs or more to settle, their economic cost needs to be 

measured on a present value basis, using interest rates prevailing at the time. 

In order to minimize the adverse consequences of risk, an insurer’s resources (i.e., assets) 

must exceed the expected cost of its claim liabilities by a margin suflicienr fo handle all but 

the most extreme fluctuations in actual cl.lim costs. The insurer’s resources are equal to its 

reserves and its surplus. Picrorinll~: 

Expacfad Claim Caab 

I 

Prabability 
of Claim 

Cd3 
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At the tight hand extreme in the preceding chart, there is a small probability that actual 

claim costs will be suff%ently large so as to exceed all of the insurer’s resources. In such 

cimumstances, the insurer would be economically insolvent, wirh resources inadequate ro 

finance its claim costs. 

For each line of insurance, we attempted to measure the extent to which a company’s actual 

(present value) claim costs can vary from expected. In other words, we attempted to 

measure the shape of the probability distribution in the preceding chart. We measured this 

variation by looking at historical claim experience over the last ten years, comparing actual 

claims to expected claims. 

n For reserve risk, we compared the present value of rhc .~cru.~l claim runoff that has 

emerged to the reserves that were originallv esrablished for those claims. 

n For underwriting risk, we compared the present value of the actual accident year claim 

payments to the loss portion of the earned premium, after deducting underwriting 

expenses. 

We measured the vnrinbiliy for each line by studying the ~.ui.nion in indust~ experience 

over time, and also the varinrion in individual company experience from the induq. The 

total vatiabilitv for the line is the combination of the nvo. 

Once the shape of the probability distribution has been estimated, the risk-based capital 

charges can be derived. The latter is determined by: 

n Selecting an acceptably small probnbiliy of insolverq represented by the right-hand tail 

of the distribution. 

m Determining the amount of funding already provided directly by reserve requirements 

and premiums. 
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The measurement of risk-based capital is displayed pictorially below: 

Expotid Poliiddsr 
Deficit of 1.76% 

Probability 
of Chin 

CWb 

As was discussed in the former NAIC Actuarial Advisory Committee’s Conceptual 

Framework, dated February 1992, risk-based capital requirements must consider the 

potential costs of insolvencies, as well as their probabilities. They developed the concept of 

the Expected Policyholder Deficit (EPD) as a way to consistently assess insolvency risk. 

For each different risk (e.g., investment, credit, reserve, etc.) the net risk capital charges 

should be set high enough so that the expected cost of insolvency due to that risk is reduced 

to an acceptably low level. The principal advantage of the EPD approach is that each risk 

(and each line of business) is given consistent risk-capital treatment. 

The recommended risk-based capital charges were selected to achieve (approximately) an 

Expected Policyholder Deficit equal to 1.75% of expected claim liabilities. The 1.75% EPD 

standard was chosen arbitrarily; it appears to produce total risk-based capital for the primary 

insurance industry that is roughly equal to that produced by the current charges. The 

standard can easily be raised or loweted during the testing phase, as the overall formula is 

“calibrated.” 
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Note that in the diagram above, reserve/premium funding is intentionally not equal to 

expected costs. This illusrrates the point thar consewarism in the chosen accounting 

standard can create implicit capital requirements in addition to explicit requirements ser 

through the risk-based capital formula. The mosr significant items in this area are: 

n The requirement thar loss and LAE liabilities be recorded at their full, undiscounted 

value creates an implicit capital margin equal to rhe difference between rhe full and 

discounted value. 

n The requirement that acquisition costs be fully expensed withour any offsetting reduction 

in the unearned premium reserve creates a similar implicit capital margin. 

Our recommended alternative risk-based capital factors reflect the presence of these implicit 

capital margins, inherent in staturory accounring. 

Consideration must also be given to any bias in the reserves or premiums. Bias is a 

statisrical term that measures the extent to which an estimate differs from rhe true ultimate 

value of an unknown qua&y. If the estimate consisrently overstates or understates the rrue 

value, it is said to be biased. 

First, our starting point was the same as that underlying the current 

factors: historical industry experience. 

Using a database of Schedule 1’ darn purchased from A.M. Best, we analyzed the historical 

experience of the industry over the ten year period from 1982 to 1991. (Thus, our analysis 

is a year more recent than underlies the current factors.) As was done by the Working 

Group, we segregated the experience of the reinsurers from the primary insurers (we used 

A.M. Best’s classifiLxtion of companies to do this). We also used the same approach as the 

Working Group to construct approximate ten-year histories for the 2-year property lines, 

and the non-proportional reinsurance lines. 
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Second, rather than using a flat 6% interest rate, we varied the rate based 

on prevailing interest rates during the historical period. 

The curtent factors are based on nominal reserve development and nominal loss ratios. 

Separately, credit for the time value of money is given using a constant 5% interest rate. 

This approach overlooks the correlation between the level of inrerest rates and industry 

underwriting experience. Intuitively, it makes sense that during periods of high interest 

rates loss ratios will bc higher, bccausc market considerations force companies to set their 

prices in anticipation of invesrment income. Since high interest rates often occur during 

high inflation periods, it also makes sense that reserve development will be worse during 

periods of high interest rates. Industry experience over the last ten years generally supports 

both of these hypotheses. 

In our review of historical reserve development, we compared the held reserves at each year 

end to the present value of the actual payments ag.linst those reserves through 12/91, plus 

the present value of projected payments beyond that point. In these calculations, we used a 

dytuunic interest rate. The rate applicable to each accident year was set equal to the average 

prevailing rate on Ii-year U.S. treasuries, less 2%. For the older years, the interest rates are 

relatively high; for the more recent years they are roughly comparable to the 5% rate that is 

currently employed in the draft RBC formula. The chart below displays the accident year 

interest rates calculated in this manner. 

12.0% 

10.0% 

6.0% 

6.0% 

4.0x 

2.0% 

0.0% 
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The intent of this approach was to compare the true economic cost of the liabilities to the 

industry’s reserve provision for them. The chart below illustrates these calculations for the 

Commercial Muhiperil tine. 

hdustry Historicat Reserve Adequacy - Comamrcial hftd@er~ 

YEAREIDINC 
12l92 12193 12164 12l65 12196 12197 lzl66 12199 12190 12191 ----P----P 

5.712 6,545 7,634 9,913 11,677 13,762 15,599 17,672 19,932 21,726 

7.739 9,523 11,253 12661 13,904 15,121 16,449 16,965 20,169 21.726 
0.749 0.767 0.776 0.793 0.603 0.625 0.635 0.945 0.943 0.952 
5,793 7.363 6,733 10,067 11,170 12,476 13,740 16,939 17,OOS 16,503 

2,026 2,979 3,419 3.096 2,027 1,359 693 993 237 0 
91 763 699 274 17071 f1,2961 K9261 (1.9341 f2.9321 f3.2261 

35.5% 45.51 43.6% 31.3% 17.1% 9.9% 5.7% 5.6% 1.2% 03% 
1.4% 11.7% 11.5% 2.6% .6.0% .9.3x .11.7x .lD.SK .14.7x .14.9!4 

Parallel calculations were performed on accident year losses ro measure underwriting risk. 

The present value of losses and loss adjusrment expenses were compared to rhe loss portion 

of the premium for each accident year. These calculations are illusrnted for rhe 

Commercial Multiperil line in the following chart. 

lndustrv Historkal Premium Adeqaacy . Cotmmvciai Muh@eril 

ACCIDENTYEAR 
1982 1963 1964 MS5 1966 IS87 1966 1996 16s 1981 ----__----- 

III lndurfry Romiwoc 6,437 6,671 7,269 9,592 13,562 15,753 19.593 16,545 16.989 16,610 

12) Undrmriting Expnu Ratio 0.371 0.371 0.371 0.371 0.371 0.371 0.371 0.371 0.371 0.371 ---------- 

4,049 4,196 4,572 6.033 9,543 9,909 10.431 10,407 10,611 lo.448 

5,542 6.380 7,367 8,lDS 7.650 6.326 8,391 11.447 11.456 ll.S2S 
0.935 0.945 0.945 0.646 0.976 0.962 0.967 0.888 0.877 0.985 
4,626 5,375 6,225 6,962 9,705 7,424 9,328 10,160 10,054 10,976 

1.494 2,164 a795 2,075 1993) fl.5631 11,039) 1,040 647 1.482 
577 1,179 1.653 946 11.838) l2.465~ l2.102~ l24A (558) 229 

39.9% 51.6% 61.1% 34.4% .10.5* -16.0% .lO.D% lO.D% 6.0% 14.2% 
14.3% m.vh 39.x 14.1% -21.5% 25.1~ .m.zn .2.4X .5.2% 22% 
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The details of borh of these sets of calculations for each line of business are presented in 

Appendix A. 

Third, we feel the best measure of risk is one that looks at the variability 

in results, not at their absolute level. 

As has already been noted, the current reserve and underwriting risk factors focus on the 

“worst-case” level of industry experience. For Commercial Multiperil, the worst year of 

reserve development (as reported through 12/91) was December, 1983 when reserves were 

45.5% inadequate on a nominal basis and 11.7% inadequate on a present value basis. The 

worst year for underwriting was 1984 when the loss ratio was 101.4%. In that year, 

industry premiums were inadequate by 61.1% of losses on n nominal basis and 36.2% of 

losses on a present value basis. 

We believe thar risk is more appropriately measured bv analyzing the vaarinbility of results 

(sratistically, rhe standard deviarion), rather than their ahsolutc level. The latter has been 

influenced by the parricular circumsmnces of rhe last underwriting down-cycle. Using 

reserve and underwriting variability measures is also consistent with the approaches used to 

develop charges for other risk-capital elements. For example, the stock risk factor is based 

on a vatiabilitv measure, rather than the worst-case decline in the stock market. Also, it 

should be recognized that the historical deficiencies are included in the variability 

calculations. The variability in Commercial Multiperil results is displnved graphically below. 
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VWWity S Rsser~e and Premtbm Adequecy. Commercial hitdt~erii 

0 Unpd. 

n Paid 

11 

/ i 

i I 

1 
1982 lea3 1884 ls85 1896 1887 1988 1999 1980 1891 

(The shading of the bars reflect the proportion of losses thar are paid (and therefore 

known) as of 12/91.) 

The results of our analysis of indusrry risk are summarized on Exhibir 1. For each line, we 

have computed both the mean reserve and premium deficiency, and the standard deviation 

of those deficiencies. Both statistics have been computed on a simple and a weighted basis; 

in the latter case the weights are the percenuge of losses that are actually paid as of 12/91. 

The weighted statistics have the advantage of giving greater credence to the more mature 

years, where the experience is more certain. 
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In reviewing Exhibit 1, several observations are noteworthy: 

n During the entire ten year period, aggregate industry reserves were.nevvn’ itmdequnre on 

an economic basis. Ar their weakest point, December 1984, the economic margin was 

only 4.296, bur it was positive. 

w During the entire ten year period, aggregate industry rates were inadequate in four of the 

ten years. In 1984, premiums were inadequate on an economic basis by roughly 10%. 

n Over the ten year period, the average economic margin in the loss reserves uas about 

12%, as compared to an expected margin of about 20% based on the payouts and 

interest rates thar prevailed. One could tentatively conclude from this that on average 

roughly 40% (8% of 20%) of the intended margin is mken up bv an inherent bias 

toward optimistic estimates in the reserve setting process. 

m Over the ten year period, rhc average margin in the premiums was n profit of about 

1.5%, suggesting rhar they eshibir a sm.tll posirivc hi.ls over the long run. 

. 

n Finally a comparison of the combination of the by line standard dcvintions (labeled 

Primary, Reinsunnce and Industry “Total” on the Exhibit) to the standard deviations of 

calculations performed on the all-lines composites shows the value of diversifying across 

lines of business. The overall industry result is only half as variable as the average of the 

by-line variability 
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In addition to variability of industry results, there is also the risk that an 

individual company will vary from the industry. 

Industry results can be expected to vary from year to year. due to cycles, catastrophes and 

changing economic conditions. In addition, individual companies can be expected to vary 

from the industry result. To measure “company” risk, we ran identical calculations to those 

we did for the industry on each company group for the 1985 “ear. (1985 was chosen 

because it is the most mature year in the 1991 Schedule P for which the company’s growth 

over the prior three years can be observed. Other studies suggest that rapid growth 

contributes to risk, and we therefore wanted to be able to isolate companies that were 

growing rapidly from those that were not.) Because the 1985 results were particularly 

adverse, the actual results cnlcuinrcd for each company group were re-scaled to reflect 

“normal” results for the industry. The results of these cakulnrions were used to generate 

distributions of company results nbour the industy mean result, which were then used to 

measure “company” variability 

Our analysis of company variation nbour the industry me.m is illusrrated in the charts on 

the next four pages for the Commercial Mulriperil lint. (SimiLlr exhibits arc displayed for 

each line of business in Appendix B.) Previous studies h.lve shown that company size and 

rate of growth .lffecr risk. AccordingI!; we segmented the total population of companies by 

both criteria. GeneralI!: the company variation data confirms that: 

l Small companies (those with premium or reserves under SSO-million) have more volatile 

results than large companies. 

n Rapidly growing companies (those with threeyear average premium growth above 10%) 

have worse results than stable companies. 

For each population of compmies, we computed simple and weighted means and standard 

deviations. (Here the weights are the reserves or premiums of the company.) Our results 

are summarized in Exhibit 2. 
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Commercial Multiple Peril 
Present Value Reserve Deficiency Analysis 

All Acceptable Companies 

Large Acceptable Companies 

Small Acceptable Companies 
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Commercial Multiple Peril 
Present Value Reserve Deficiency Analysis 

All Acceptable Companies 

Accepted Companies with Less Than 10% Growth 

nl 1 

D&&my 

’ : 

3% 
m 

10 

0 

Accepted Companies with 10% or More Growth 

cmmt: 1 245 
Average: i 1% 
Std. Dev.: 1 56% 
Wtd. Aw.: j -12% 
Wtd.SD: 1 18% 
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Commercial Multiple Peril 
Present Value Loss Ratio Analysis 

All Acceptable Companies 

Loss Ratio 

! Loss Ratio 

Small Acceptable Companies 
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Commercial Multiple Peril 
Present Value Loss Ratio Analysis 

Accepted Companies with Less Than 10% Growlh 
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(Note that the standard deviations on the preceding two pages, and in Appendix B, are the 

standard deviations of the loss and ALAE ratios. Ultimately, we chose to measure 

underwriting risk as the standard deviation of the adequacy of the loss and LAE portion of 

the premium. This necessitated an adjustment IO the Appendix B results, to account for 

underwriting and unallocated loss adjustment expenses. This adjustment is reflected in the 

standard deviations in Exhibit 2.) 

The total risk a company faces is a combination of ‘industry” risk and 

‘company” risk. 

The “industry” risk measures and “company” risk measures calculated for each line in 

Appendices A and B are summarized in Exhibit 3. As a next step, the two sources of risk 

are combined to produce an indicated total risk for each line. Fin+, from the total risk an 

indicated total funding level is calculated at various Expected l’olicvholder Deficit levels. 

Working across Exhibit 3 from left to righr: 

l The “industry” risk standard devi.lrions reflect the observed variation of industry results 

over time. Both simple and weighted standard deviations are shown, along with a 

standard deviation char is a 50-50 weighting of the weighted standard deviation for the 

line and rhe weighted standard deviation for rhe indusrry total. The larrer reflects the 

lack of full credibili~ that should be artached to rhe individwl line dnt.1. 

The “selected” industry risk standard deviations are based on the SO-50 weighted 

standard deviation, except where a judgmental selection was required by special 

circumstances. Those situations are noted below: 

- For Products and General LinKlit): the selections retlect rhe composite indications 

and a selected 1% differential. These lines were split for the first time with the 1992 

Annual Statement. Companies were required to construct the entire ten yesr histories 

at that time, requiring allocations of bulk reserves and other adjustments. While the 

data suggesrs that Producrs Liability is riskier, we feel thnr the individual line data is 
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probably distorted by misnlloeations and other data problems. These distortions 

would tend to overstate rhe risk of the lines. 

- For International, the selected standard deviations are weighted averages of the 

primary and reinsurer indications. Since this business is virtually all reinsurance, we 

do not believe that the risk factors for this line should v.rry by type of company 

- For Property Reinsurance (A&C), we selected the standard deviations judgmentally, 

by reference to the other lines. The data for this line is “inferred” by subtracting the 

casualty lines from the Schedule P summary We do not believe the resulting data 

produces an entirely credible result. 

- For Casualty Reinsurance (D), u’e selected the standard deviation of the 

Reinsunnce (B) line; since lieinsurance (D) is in runoff, ten years of data does not 

exist. Also, by the time the risk-based capital formula is implemented, all that will 

realistically be lcfr in Reinsunnce (D) will be cnsual~ reinsurance. 

- For Homeowners underwriting risk, we selected n higher standard deviation because 

we believe that the ten year period used is not fully indicative of the catastrophe risk 

that exists in this line. Preliminary calculations based on estimates for the 1992 

accidenr year produce an eleven ye.n standard deviation of 22.7%. which probably 

overstates the risk. 

m The “company” risk standard deviations reflect the observed variations of company results 

from the industry. As was noted earlier, small companies exhibit greater variation than 

large companies. This difference is accounted for by the explicit inclusion of a size 

charge applicable to small companies in the RBC formula. The basic risk charges need, 

therefore, only account for the variation observed among large companies. The exhibir 

shows the simple standard deviations for large companies and the weighted standard 

deviations for all companies. While the former statistic is technically better, it sometimes 

reflects too small a sample of companies to be fully credible. In such circumstance, the 

weighted standard deviation is an acceptable alternative. 
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As was the case with “industry” risk, we relied on the W-50 weighted standard 

deviations, in all but a few instances: 

- For Products and General Liability, the selections are based on the Composite results, 

for the reason noted earlier. 

- For Medical Malpractice reserve risk, the selected standard deviation reflects a 

downward adjustment in recognition that the year-end 1985 reserves, on which the 

“company” risk is based, reflect a greater proportion of occurrence business than is 

currently the case. As will be seen later, occurrence business appears to have greater 

reserve risk than claims-made business. 

- For International, the “company” risk standard deviations are selected judgmentally as 

no credible data was available. 

n The total risk for each line is calculated by combining the selected indusrry and company 

risk measures, using a “square-root rule.” Such an approach inherently assumes 

independence between industrv and company variation. 

n Finally, the total measures of risk are used to calculate total funding requirements (a 

lognormal statistical distriburion v~as assumed) nr three different confidence levels. The 

total funding represents the margin ahove expected (present value) losses that is required 

to reduce the expected policvholder deticit cost to an acceptablv low level; For example, 

on the selected risk measures, Homeowners loss and loss expense liabilities require a 

24.1% margin above their expected present value in order to reduce the EPD cost 

to 2%. 

We have developed separate reserve and underwriting risk factors for 

claims-made and occurrence policies. 

The historical database used to develop measures of reserve and underwriting risk reflect a 

combination of claims-made and occurrence policy forms for the commercial liability lines. 
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Intuitively, the claims-made form should pose less reserve and underwriting risk kcause 

only the cost of reported claims must be esrimared. 

Unfortunately, it is not possible to segregate the ten years of historical Schedule P 

experience between claims-made and occurrence business in our database. In Exhibit 4, 

Sheets 2 and 3, a comparison of available experience for Medical Malpractice is presented. 

That experience shows clearly that, based on rough measures of variability, claims-made is 

significantly less risky than occurrence business. In reviewing the experience, however, it is 

apparent that much of the difference between the claims-made and the occurrence standard 

deviations is attributable to the extremely poor occurrence experience in 1982-1984. 

During thar period, some companies discounted their loss reserves and/or their rates 

substantially; their experience may be distorting rhe comparison. 

On Sheet 1 of Exhibit 4, we have developed sepnr.lte risk measures and funding 

requirements for each policy form. The calculations parallel those on Exhibit 3. We have 

selected a risk relativity for claims-made of 80% of occurrence. While the data on Sheets 2 

and 3 indicate a lower relativiv, we believe the 80% factor is appropriate. The experience 

on Sheets 2 and 3 is very limited, and should therefore not be treated as fully credible. The 

80% relativity produces risk factors that are consistent with the risk factors for other lines. 

For example, the claims-made risk factors are generally higher than the personal lines 

factors, while the occurrence bctors are generally lower than the casualty reinsurance 

factors. 

The total required funding must be compared to the funding already 

available from reserves and premiums to determine the appropriate 

risk-based capital charges. 

In Exhibit 5, the total funding requirements derived in Exhibits 3 and 4 are converted to 

risk-based capital charges applicable to reserves and written premium. 

Sheet 1 presents calculations relating to reserve risk. The toral funding requirements have 

been reduced by the implicit margins inherent in the use of full value loss reserves. 
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As was noted in a previous section, the industry reserves have historically shown a bias 

towards underestimating the full ultimate liabilities. For whatever reason, optimism in the 

reserve estimares has, hisroricnllK absorbed roughly 40% of the full value margin. In 

calculating risk-based capital charges, we have assumed that this situation will continue to 

exist, crediting only 60% of the full value reserve margin. 

In evaluating the resulting reserve risk charges this adjustment must be kept in mind. The 

“long tail” tines do exhibit greater reserve risk. However, they also have the largest implicit 

margin already built into them. This explains the apparentlv anomalous results, where in 

some cases the risk charges are smaller for the long tail lines rhan the short tail lines. 

The chart below summarizes the total reserve risk capital (esplicit and implicit) by line, 

based on the selecred reserve risk charges. 

Private Pass. Auto Liability 
Commercial Auto LiibHy 

wwkels Caponsattml 
Commrcial Mulipsril 

Producls Liab.. Ctairwmacte 
Prcdwts Lmb. - Occurrerm 
GMW3lLi2b.-Cleim- 

Genwal Lib.. Occunmce 
Medical Malp. _ c!aims4nade 

Mediil wp. _ occurrence 
Spectal Lkbittt 

Z-Ye% tine compc.sile 

IntcmahoMl 

Prcwriy Reinwnnw 
Casuaity Reinsunnce 

0% 5% 10% 15% 20% 25% 30% 35% 
Rnmt of llnmvm 
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Sheet 2 presents calculations relating to underwriting risk. Premiums include provision for 

underwriting expenses, profit mqins and expected claim costs. As was indicated 

previously, the industry avenge profit margin over the last ten years was roughly 1.5% of 

premium. The total funding requirements have been reduced by this margin. 

In addition, the funding for unearned premiums have heen reduced for prepaid acquisition 

expenses. These have been assumed to be roughly 2/3 of underwriting expenses. 

Finally, it should be noted that the derived risk-based capital factors have been calculated to 

apply to wrnten premmm only, but mclude provision for unearned as well as written 

premium risk. 

The chart below summarizes that total underwriting risk capital (explicit and implicit) by 

line, based on the selected underwriting risk charges. 

P&‘&e Pass. Auto LkWly 
Commercial Ado Liibilii 

Workem Ccmpensation 
Commercial MUliip8lll 

Pmdtio Llab. -Claims-made 
PrcdwIs Liab. _ Occum~e 
General Liab. -Claims-m&a 

Gemral Lib. - Occurrm~a 
Medical Map. - c!aimbmade 

hkdlll Mirlp. - occwena 
Special Ll.sbi!ay 

0% 10% 20% 30% 40% 50% 60% 

?wmm @I Praniun 
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The indicated risk-based capital charges were run through the 

Premium-to-Surplus ratio model. The results were used to make the final 

rrelections. 

As a final test of the risk-based capital charges, the indicated charges of all three Expected 

Policyholder Deftcit standards were run through the Premium-co-Surplus ratio model. 

Based on the results, which are presented in Exhibits 6 and 7, the recommended alternative 

factors were finally selected. As was noted earlier, the final selections are designed to 

produce roughly the same total risk-based capital for the primary industry as do the current 

factors. 

Lastly, the exhibits on the next five pages compare the amounts of risk-based capital 

generated by each component of the formula for each line of business. For comparative 

purposes, all of the dollar amounts have been expressed as a percentage of earned premium. 

For each line, the amounts generated by the recommended factors are compared to the 

amounD generated by the current factors. 

As we have already noted, the results of our Premium-to-Surplus ratio model depend 

heavily on a specific set of assumptions. These fall in rhree major areas: 

n The other componem iv the RBC forwrda 

We have assumed that the factors for credit risk and investment risk will not change 

from those in the current draft formula. We have used the covariance adjustment 

recommended in our recent report of Februnrv, 1993. 

m The a&cat& of other assets ad Iinhilities to live of busimss 

The model requires that assets, other than invested assets, be allocated to line of business. 

Other assets include premium balances, reinsumnce recoverables, EDT’ equipment, and 

other receivables. Similarly all liabilities must be allocated to line of business. 

141 



Mav 1993 34 

8 Il3.e mix of invested assets &y class 

We have assumed an industry average mix of invested assets. Specifically we have 

assumed the following mix of invested assets. 

Bonds 
Other Fixed 

Subtotal 

81.9% 
2.4 
84.4 

Common Stock 12.0 
Other Non-F&d 3.6 

Subtotal 15.6 

Total 100.0% 

In addition, the model does not account for all elements of the current formula. It does 

not consider 

- size charges applicable to small insurers 

- growth charges applicable to companies experiencing rapid growth 

- charges for investments in affilintcs 

- the effect of the line concentration adjustment in the covariance calculation 

- the net effect (positive or negative) of adjustments for individual company experience 

in the reserve and underwriting risk c.tlculntions 

- the net effect of individual company variations in expense ratio 

- risk-based capital on any actual surplus in excess of the risk-based capital requirement 

- asset concentration factors 

Failure to account for these formula elements causes our model to nndermtc the total 

risk-based capital generated by the formula. We have estimated that understatement to be 

on the order of 15 to 20%, based on other test results of the full formula applied to 

individual companies. The chart on the following page summarizes the estimated 

differences by component. 
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fleaewe Riik Capital 
Written Prtn-ium Risk Capital 

Other Asset Rii Capital 
Rebewanca Risk Capital 

lnwtment Rii Capital 
Affiliate Risk Capital 

6izelGtewth Rii Capital 

Total Before Cevaraince 

Ceverianw Adjt 

Nat FliskGaed Capitel 

Rmium Cenqeny 
to Surplus Detail 

Model Calculations -- 

31,499 37,979 
36,462 42,319 

1,021 1.021 
5.617 5,617 

17,254 22,052 
0 22.901 

0 2,490 

100,053 134,579 

43.413 -63,929 

56,640 70,651 

Difference Reason for Difference 

460 Company experimme adjuetnwnte 
3,657 Company experience and expanses 

0 
0 

4,798 Assets in excess of required aeeats 
22,901 Not ieduded in P/S model 

2,490 Not induded in PI.3 model 

34,526 

.20515 line concwtretion, cotqteny ve. induetry 

14,011 

Additional details on the Premium-to-Surplus ratio model can be found in Appendix C. 
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Risk-Based Capita/ Components 

Current 

HomeownerslFarmownen 

Proposed 

fIlri?L -- 

0.0% 10.0% 20.0% 30.056 40.0% 50.01 

Percent of Premium 
-__ 

r 

L 
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Underwriting 

00% 

.___ 

20.0% 30.0% 
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.__- 

40.0% 50.0% 
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fg L ----- 
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RESWW 
Undenwtting 
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Risk-Based Capital Components 

Current 

Workers Compensation 

Proposed 

R- 
U?XlWWif~~ 

0.0% 20.0% 30.0% 

Percent of Premium 

--- 
40.0% 500% 

lnvestmenl 
credit 
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.__- 
20.0% 30.0% 

Percent 01 Premium 
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__- -____ 

Investment 
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Reinsurance 
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Underwriting 

0.0% 
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Percent of Premium 
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Investment 
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Percent of Premium 
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L 
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Undenwitiog 
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Percent of Premium 
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Risk-Based Capital Components 

Current 

Products Liabilii: composite 

Proposed 

m.096 30.0% 

Percent of Premium 

m.o% 30.0% 

Percent of Premium 

General Liability: Composite 

Percent of Premium Percent 0, Premium 

Medical Mabractice: Composite 
--_- 

Investment 
Credti 

Reinsurance 

R-W-G 
Underwiting 

00% 20.0% 30.0% 40.0% 500% 

Percent of Premium 
___~~ 

Reserve 
Undermiting 

00% 10.0% 20.0% 30.0% 

Percent of Premium 
_ ~~_. - ~...--~~_ - -- 

40.0% 50.0% 



Risk-Based Capital COn?pOnantS 

Current 

Z-Year Line Cwnpstte 

Proposed 

Investmenl 
C&Id 

R&SWWlCE 

Reserve 
UnderMing F 

0.0% 10.0% 20.0% ---T% ~~.~~--.. 30.0% 40.0% 

Percent of Premium 
__ .--__ 

Primary _ All Lines 

-.-.-. 
Investment 

Cdii 
Reinaurance 

RSWXV4 
Underwriting 

0.0% 20.0% 300% 40.0% 53.0% 
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Risk-Based Capital Components 

Current 
Property Reinsurance (AK) 

Proposed 

Investment 
credn 

Reirwmnce 

RWS-Ne 
Underwriting 

0 ox 20.0% 3OOW 

Percent of Premium 

40.0% 50.0x 

Investment 
Credii 

Reinsurance 

Reserve 
Underwriting 
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Percent of Premium 
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Casualty Reinsurance: Composite 

Investment 
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Percent of Premium 
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Risk-Based Capttel -Analysis of “InUWry” Reserve Risk 

Present Value Reserve Oeflcfency (Redundancy) as Percentage &Held Loss 6 LAE Reserves 

YE/IR ENDINQ 

HomewnerslFarmowners 

Private Passenger Auto Liability 
Commercial Atio Liability 

Workers Compensatiw, 

Commercial Muitiperil 

Products UabMy 
General Liability 

CO”lpOSit~ 

Medical Malpractice 

special Lkallity 

Z-Year Line chpdte 

g International Primary 

-5.2% 6.5% 0.7% 

-10.5% -16.2% -11 .O% 
-8.2% -3.3% 0.1% 

-31.3% .256% -20.2% 

1.4% 11.7% 11.5% 

28.7% 23.6% 20.2% 
0.6% 16.8% 21.2% 

124% 16.2% 21 .O% 

-9.3% -9.0% -0.5% 

-22.6% -11.2% -11.9% 

-26.0% -20.5% -17.7% 

-6.5% 6.7% 5.7% 

-1, .O% 

-10.6% 
-7.9% 

-13.1% 

-9.3% 

.I 1 .a% 

-11.4% 
-9.2% 

-12.4% 

-11.7% 

-9.2% 

-11.3% 
-11.0% 

-11.5% 

-10.8% 

-13.2% -6.7% 

-1 I .7% -9.6% 
-12.2% -11.5% 

-11.2% -12.4% 

-14.7% -146% 

-6.0% 

-12.0% 
-6.8% 

-16.7% 

-4 0% 

-6.0% 6.2% 

-I 2.4% 2.6% 
-5.4% 4.4% 

-18.3% 6.5% 

-0.6% 9.6% 

6.6% 

3.0% 
4.1% 

6.9% 

9.2% 

14.3% 
94% 

-0.6% 
-6.0% 

-16.3% 
.19.8% 

-21.4% 
-21.6% 

-m.o% -21.1% 
=2.5% -20.9% 
-21.2% -20.9% 

-0.1% 
-4.9% 

7.5% 19.1% 
1.5% 16.3% 

175% 
15.4% 

-5.0% 

-34.4% 

.12.2% 

-25.4% 

-6.8% 

-19.0% 

-39.8% 

-13.4% 

-27.8% 

-4.0% 

-21.1% 

-34.7% 

-7.1% 

-24.4% 

-3 4% 

-4.0% 

-25.4% 

-13.1% 

-22 5% 

-3.8% 

2.7% 16.7% 

-22.4% 11.7% 

-131% 36% 

-24 3% 6.9% 

-I 9% 6.5% 

157% 

12.6% 

41% 

-30.5% -23.7% 

-12.9% -146% 

-25.8% -4.3% 

-7.3% -16.0% 

-26.3% 

4.1% 

-22.5% 

4.5% 5.9% 
Y 

Pnmary Total 82% 80% 
Prkrrary compostte -14.8% -9.1% -5.7% -8.2% -12.7% -16.3% -16.7% -16.0% -16.1% -14.0% -12.0% -12.1% 3:6X isa 

Property Reinsurance (A&C) -50.2% -45.7% -31.3% -170% -17.0% -6.3% -3.4% -3.9% -6.7% -9.3% -19.3% -23.5% 16.4% 17.3% 

Casualty Reinwrance (B) -6.7% 6.7% 12.6% 2.6% -13.9% -23.3% -290% -29.2% -27.7% -26.5% -13.8% -7.4% 155% 14.7% 
Casualty Reinsurance (Cl) 1.2% 13.7% 18.3% 15.2% 6.2% -19.8% 3.7% 5.0% 13.6% 12.0% 

Composite -2.6% 11.0% 16.0% 9.7% -9.7% -21.5% -26.2% -27.0% -26.3% -27.4% -104% -3.3% 16.6% 15.6% 

International Reinsurance -25 0% -6.7% -23.1% -17.6% -20 0% 0.0% .12.5% 20.0% -7 8% -15.3% -10.0% -10.5% 12.6% 13.4% 

Reinswance Total 1F;1x 
Reinsuranca Cwnposttc -8.0% 4.9K 10.8% 6.9% -10.4% -20.3% -24.9% -26.3% -24.9% -29.2% -11.7% 4.2% 14.0% 13:1x 

Industry Total 
Industry Canposite -14.O.b 

9.0% 87X 
-7.0% -4.2% -8.9% -12.l’h .16.9% -17.6% -19.8% -16.9% -16.1% -12.8% -11.7% 4.6% 4.7% 
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ACCIDENTYEAR Simple w*hbd Standard Weighied 
1968 1989 1990 1982 1983 1984 1985 1986 1987 1991 nvenae- O&IkJn DeviaHan 

(1) (2) (3) (4) (5) (6) (7) (6) (9) d 01 (11) (12) (13)- (14) 

4.0% 

-2.5% 
12.0% 

-24.2% 

14.3% 

-9.3% 
3.8% 
1.3% 

10.7% 

4.5% 

-3.7% 

-28.8% 

4.7% 

2.9% 
27.2% 

-11.7% 

28.1% 

13.4% 
21.5% 
19.9% 

21.9% 

18.3% 

3.9% 

0.0% 

3.2% 

10.3% 
40.3% 

1 .O% 

36.2% 

22.9% 
35.4% 
33.2% 

14.8% 

14.4% 

-0.6% 

-367% 

10.3% 

12.9% 
24.1% 

03% 

14.1% 

-0.8% 
9.3% 
7.7% 

-5.2% 

0.5% 

-4.1% 

24.3% 

3.8% 

11.6% 
0.8% 

-2.0% 

-21.5% 

-29.6% 
-29.9% 
-29.9% 

-24.3% 

-11.2% 

-13.2% 

-15.7% 

-7.7% 

11.1% 
-2.5% 

-2.6% 

-25.1% 

-39.3% 
-32.5% 
-33.5% 

-268% 

-13.2% 

-16.2% 

-2.6% 

-3.9% 

10.7% 
0.4% 

-1.8% 

-26.2% 

-33.0% 
-27.8% 
-28.3% 

-26.0% 

0.8% 

-13.9% 

149% 

16.3% 

12.7% 
6.7% 

0.0% 

-2.4% 

-24.8% 
-22.0% 

9.9% 

13.1% 
5.3% 

0.1% 

-5.2% 

-17.7% 
-19.1% 
-19.0% 

-9.8% 

10.1% 

-10.6% 

13.6% 

21.6% 

10.9% 
6.6% 

1.2% 

2.2% 

5.2% 
-16.9% 
-15.8% 

3.7% 

72% 

-9.1% 

-28.3% 

5.5% 4.996 8.8% 8.4% 

9.4% 9.0% 4.8% 5.1% 
12.1% 13.8% 13.2% 14.2% 

-4.0% -4.9% 7.6% 8.2% 

2.1% 3.8% M.O% 21.2% 

-12.6% -7.8% 19.2% 21.0% 
-7.8% -0.9% 22.5% 242% 
-8.7% -2.1% 21 8% 23.5% 

-6.2% -1.6% 17.3% 18.6% 

49% 4.5% 104% 10.7% 

-8.2% 5.1% 4.9% 5.0% 

-9 4% -10.1% 18.8% 18.0% 

PropertyReimumnce(ABC) -7.5% 20.6% 48.5% 27.5% -M.8% -25.1% -184% 14.2% -1.8% -17.0% 2.0% 3.8% 23.3% 23.9% 

casuaity Ramwrance (8) 6.8% 25.2% 35.3% -2.4% -33.2% -31.6% -27.4% -26.0% -24.1% -21.3% -9.9% -2.0% 235% 25.5% 
Cas&lyReimurance(D) -0.7% 10.6% 5.5% -10.3% -39.6% 41.1% -12.6% -10.8% 206% m.i% 

COlllpSik 2.0% 18.3% 16.6% -7.0% -36.5% -361% -27.4% -26.0% -24.1% -21 3% -14.4% -8.8% 191% 21 0% 

InIemaIbnal Reinsurance -15.9% 0.0% -20.8% -423% 9.7% 11.3% -20.6% 42.2% -43% -172% -5.8% -5.8% 221% 22.7% 

ReinsurmceTcM 200% 217% 
RalntunmeC~rl(e 4.6% 17.3% 22.7% 0.9% 33.2% -33.3% -25.3% -16.6% -19.2% -20.3% -10.9% -7.0% 10:0x 2o:sx 
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Exhibit 1 
Sheet 3 

Notes to Exhibit 1 
Column &g 

(1) to (10) AI1 figures shown are based on the calculations presented in Appendix A. 

(11) 

(12) 

(13) 

(14) 

FOX reserves, the figures are the percentage by which the present value of the subsequent paid clnim 
runoff exceeds the held reserve for the particular year-end. A positive number indicates a deficiency, 
and a negative number indicates n redundancy in the reserves. 

For premiums. the figures are the percentage by which the present value of the claim payment eKeeds 
the loss portion of the premium for chc parricular accident year. (The loss portion of the premium is 
calculated by applying the complement of the expense ratio to the full premium.) A positive number 
indic‘ltcs a deficicnc): and n negative number indicates ;1 redundancy (profit) in the premiums. 

These zre the simple avenges of the figures in Columns (1) through (10). 

These arc the weighted avenges of the figures in Columns (1) through (IO), where the weights for 
each year ate the percentage of the nominal losses chat are ~tually paid as of December 31, 1991. 

These arc the simple stzmd.ud deviations of-the figures in Columns (1) through (IO). The tigures 
lnkled Primar)! Rcinsurancc, XXI Industry ‘Total” arc the weighted average of the individual line 
smndard deviations in the column. (The weights :are the total reserves and the total premium for the 
ten year period for each line.) The corresponding figures labeled “Composite” reflect direct calculations 
on data summarized to that level. 

These arc the weigh& sandnrd dcviltions. c.~lc~~latcti in a manner consistent with the wcightcd mean. 



RiskBased Capital - Analysis of “Company” Reserve Risk 

Private Pzmen~er Auto UabUiiy 
Cammefclal Auto LlaMity 

workers compensetion 

cmml P.wnlpeltl 

Products uabuii 
General Llabnii 

cmpodte 

f..wkathta~re 

special Liability 

z-Year Line Composite 

lntematlcilal Primary 

All Companks 
Number of Simde Standard Wabhted Wekrhted 

394 -7.0% 40.0% -9.0% 230% 

260 7.0% 45.0% -10.0% 14.0% 
300 -2.0% 49.0% -12.0% 14.0% 

261 3.0% 4m?b -12.0% 15.0% 

342 -1 .O% 55.0% -15.0% 16.0% 

147 -7.0% 64.0% -21 .O% 29.0% 
412 -16.0% 48.0% -21.0% 20.0% 
416 -16.0% 480% -21 .O% 16.0% 

134 6.0% 61 0% -22.0% 26.0% 

123 1 .O% 540% -14 0% 21.0% 

489 3.0% 58.0% -2 0% 28.0% 

Largecxxnpmb Srnzdl Cwnpanles 
Nunberof Simple Standard We&ted Wei@ted Numberof Smple Standard Weighted Weighted 
Compenies AVW#E Deviatbn Amrage Devbtbn Companies Avuo#e Dwiatbon Average Dwiatl~n 

(6) 0 (8) (9) 110) (11) (12) (13) (14) (15) 

21 -10.0% 

71 -7.0% 
38 -12.0% 

57 -10.0% 

35 -16.0% 

22 -m.o% 
48 -21.0% 
55 -24.0% 

40 -13.0% 

9 -17.0% 

42 0.0% 

11.0% 

19.0% 
11.6% 

16.0% 

15.6% 

30.0% 
21 .O% 
16.0% 

38.0% 

15.0% 

30.0% 

-10.0% 
-12.0% 

-16.0% 

-22.0% 
-21.0% 
-21 .O% 

-23.0% 

-17.0% 

2.0% 

10.0% 373 

12.0% 289 
9.0% 262 

14.6% 224 

12.0% 307 

250% 125 
17.0% 364 
15.0% 361 

25.0% 94 

14.0% 114 

230% 447 

-7.0% 

10.0% 
-1.0% 

41 .O% -10.0% 

49.0% -40% 
52.0% -11.0% 

49.0% -6.0% 

57.0% -9.0% 

68.0% -17.0% 
51.0% -19.0% 
51.0% -18.0% 

67.0% 0.0% 

56.0% -11 .O% 

60.0% 37.0% 

35.0% 

260% 
26.0% 

34.0% 

37 0% 

51.0% 
39.0% 
40.0% 

38.0% 

26.0% 

63.0% 

prinvrt Th’ 17 7K is 6% 
fwnwy compostte 766 -7.0% 40.0% -14.0% 14:0x g77 -14.0% 23:0x -14.0% 13.0% 679 -0.0% u.ox 4.0% 31.0% 

Prapetty Reinsurance (A&C) 61 -7.0% 500% -11 .O% 33.0% 6 -1 .O% 38.0% -10.0% 340% 55 -7.0% 51 .O% -14.0% 26.0% 

Casualty Reinsura~e (Et) 75 -13.0% 37.0% -27.0% 18.0% m -290% 17.0% -34.0% 14.0% 55 -7.0% 46.0% -5.0% 26 0% 
Casualty' Reinsurance (D) 48 0.0% 53.0% -24.0% 24.0% 12 -9 0% 380% -250% 21.0% 36 3.0% 57.0% 0.0% 55 0% 

lntemational Reinsurance _. __ __ . . - I . . 

Rdnsurance Total 117% 27 6% 
Rainsurance Composite 92 -10.0% u.ox -25.0% 19:0x 32 -24.0% 19:0x -27.0% 14.0% 60 -3.0% 61.0% 0.0% 42.0% 

18 0% 20 4% 
697 -7.0% u.ox -16.0% 16:0x 202 -16.0% 23:0% -16.0% 13.0% 696 4.0% 40.0% -7.0% 36.0% 
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sheet2 

Risk-Eased Capital - Analysis of “Company” UnderwrIting Risk 

Present Value hmlum Defkkncy (Reduftdenc~ as Percentage of Loss and L.4.E Port/on of Premium 
1986 AccldoM Year 

Privste Passenger Auto Liablltty 
Commercial Aulo Liability 

Workers Compensation 

Commercial iwtiperil 

Products Lwlii 
General Liability 

c0mpozne 

& 
Medical Malpractice 

Special Liibilii 

Z-Year Line Ccmposite 

international Primaly 

All Canpanles Large CcfrQanles Small companies 

Number of Slmpie Standard Weighted WeIghted Numb-era? Simple Standard Weighted Weighted Number of Simple Standard Weighted WeJghted 

Canpanies Average Dwiatbn Average Deviation Companies Average D&i&ion Average Dwtatlon Ccmpanies Average Deviatian Average DeviatM 

(1) (2) (3) 

437 -0.3% 33.7% 

367 6.4% 43.4% 
314 -2.7% 52.9% 

278 -5.0% 42.6% 

37? -1.4% 71.5% 

162 -14.9% 79.7% 
430 -113% 65.5% 
434 -11.5% 640% 

110 7.0% 77.3% 

124 11.5% 53.2% 

573 -5.0% 53.7% 

(4) 

-0.3% 

-0.1% 
0.1% 

0.1% 

0.2% 

0.0% 
-0.4% 
0.6% 

-0.1% 

-0.2% 

3.3% 

(5) (6) (7) 

11.7% 51 -1.8% 

10.5% 69 2.5% 
21 5% 31 1.6% 

14.6% 46 -1.3% 

19.1% 36 1.7% 

43.2% 9 10.8% 
32 7% 25 2.3% 
30.0% 28 0.8% 

23.8% 12 -2.5% 

31 6% 10 -3.5% 

22.0% 94 3.3% 

(8) 

13.2% 

11.8% 
14.3% 

15.6% 

14.3% 

39.2% 
30.0% 
24 5% 

17.8% 

23.3% 

31.7% 

19) 

-0.3% 

-0.1% 
1.6% 

1.1% 

0.2% 

14.9% 
1 .O% 
21% 

-3.7% 

-5 2% 

33% 

(10) (11) (12) 
10.3% 386 -0 3% 

9.2% 298 6.4% 
15.7% 283 4.1% 

12.2% 232 -5 0% 

14.3% 341 -1 4% 

36.5% 153 -16.2% 
31.4% 405 -12.7% 
27 2% 406 -12.8% 

13.1% 98 8.2% 

300% 114 131% 

17.9% 479 -6.3% 

._ - 

(13) (14) 

35.2% 1.2% 

47.3% 2.5% 
55.8% 4.1% 

46.3% 3 8% 

74.7% -3.0% 

61.1% -14.9% 
66.8% 4.5% 
66.7% -6.0% 

80 9% 70% 

54.9% 6.5% 

57.9% -2 2% 

._ _. 

(15) 

19.1% 

23.7% 
34.3% 

28.0% 

35.0% 

44.6% 
396% 
39 5% 

34 5% 

349% 

39.9% 

Properly Reinsurance (A&C) 67 -13.2% 52.1% 01% 32 0% 6 -2 5% 13.4% 55% 147% 61 -14.6% 53 4% -11 9% 46.7% 

Casually Reinsurance (8) 74 5.5% 387% 01% 24 0% 14 0.1% 20.0% -1.2% 21.4% 60 68% 41.4% 68% 30.7% 
Casuany Reinsurance (D) 

international Reinsurance . . . . . . ._ ._ . . . . _. _. 

Re~nsurance Total 42 9% 
77I4K 

26.5% 7 9% 
:8:7x 

19.3’. 45.1*0 35.7% 
Reinaurance Cwnp osite 93 10.8% 0.1% 33.4% 28 14K -1.2% 21.4% 65 14.8% 92.1% 13.5% 76.1% 

Industry Total 
Industry Composite 

60 3% 
4s:oa 

18.2% 19 a”1 15.0% 63.7% 315 
1021 4.1% .0.6% 15.0% 215 3.0% . ’ 21.8% 0.8% 12.3% 806 -7.4% 63.1% 4.7% 3s:sn 
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Exhibit 2 
Sheet 3 

Notes to Exhibit 2 

(1) to (15) 

(1) f” (5) 

All figures shown are hased on calculations presented in Appendix B. 

These are the results for all company groups, excluding groups with immaterial (i.e., less than $50,000) 
reserves or premium in the line, and also excluding groups with anomalous or unusual Schedule P 
prescntatiom. 

(6) to (10) These arc the results for large groups, those with more than $50-million in reserves at year-end 1985 
for the lint, or more than $SO-million in premium in calendar year 1985 for the line. 

(11) to (IS) 

(11, (fJ), (11) 

These arc the results k>r small groups. rhose not qualifying ‘1s large under the criteria abve. 

Thcsc arc the numlxr of groups included in the cxperirncc for each line and the number in each sub- 
ppulation. 

(2). (7), (12) For rcscrvcs. the tigurcs arc the pcrccntage hy which the average company’s present value claim runoff 
cxcccds their held rcscrvc for year-end 1985. For underwriting, the figures are the percentage by which 
the ~vcragc company’s prcscnt v.~lue cl.lim payments cxcccds the loss and LAE portion of their 
premium for .kdcnt year 1985. In both c~scs. the tigurcs arc simple averages for the companies in 
c.lch popul.ltion. 

c.3). W, (13) Thcsc .jrc the simple standard deviations of the individual group results ahout the average. The figures 
Llhclcd Primary, Rcinsurancc and Industry “Total” arc the weighted average of the individual lint 
st.mdard JcvLltions in the column. The corresponding figures Inhelcd “composite” reflect direct 
wlculations on d.lta summ.lrizcd to that Icvcl. 

(4), (9). (14) Thcsc ,trc the wcightcd .wcr.tgcs of the individuJ comp.\ny group results for the line. For rcscrvcs, the 
weights XC the year-end 1985 held reserves for the lint of wch group. For underwriting, the weights 
.uc the 1985 C.vncd premium fi)r the lint of each group. 

(5). (lo), (15) These .~rc the wcightcd st.md.mt dcvintions, calculated in .I manner consistent with the weighted 
a\‘cragcs. 
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Sheet1 

“htduatry* R- Risk “CompanY R-we Risk T&l Required Totd Funding 
Standard Weighted 50/50 Seeded Large W@hl& so/50 samed Resewa (Percent of Expe&d PV josses) 
ueviahbrr std. nev. Ltne/kldusky std. Dev. 

-0 

Std. 0~. Std. Da’. Me&xi&y Std. Dtv. 

15)- 
Rtalc 3%EPD 2%EPD I%EPD 

(1) (3) 14) (61 m (8) (9) flo)- (11) (12) 

HomewnerslFamwv.n@n 

Privas Passenger Auto Liabilii 
Cmm~cial Auto LIzaMy 

workers Compensa8m 

Commercial Muitipril 

Pmducts Liability 
General Liabilii 

COlllplle 

Medical Malpractice 

Special Lb&My 

Z-Year Lie Composite 

Inlemational Primary 

6.2% 

2.6% 
4.4% 

6.5% 

9.6% 

19.1% 
16.3% 
16.7% 

11.7% 

3.8% 

8.9% 

6.5% 

6.6% 7.8% 

3.0% 5.8% 
4.i% 6.4% 

6.9% 7.8% 

9.2% 8.9% 

lci% - 
15.4% -. 
15.7% 12.2% 

12.8% 10.8% 10.8% 

4.1% 8.4% 6.4% 

3.6% 8.1% 6.1% 

5.9% 7.3% 7.8% 

7.6% 

5.8% 
6.4% 

7.8% 

8.9% 

130% 
12.0% . . 

11.0% 

19.0% 
fI.o% 

18.0% 

23.0% 20.5% 

14.0% 16.0% 
14.0% 16.0% 

15.0% 16.5% 

18.0% 18.0% 

300% 290% - 
21 .O% m.o% 
18.096 18.0% 1810% 

380% 

150% 

30.0% 

26.0% 22.0% 

21.0% 19.5% 

28.0% 23.0% 

20.596 

18.0% 
16.0% 

16.5% 

18.0% 

18.6% 
17.8% 

16.0% 

lSS% 

23.0% 

m.os 

21.9% 

17.0% 
17.2% 

18.3% 

20.7% 

229% 
21.5% 

19.3% 

20.5% 

23.8% 

21.5% 

117.9% 124.1% 134.1% 

110.7% 115.4% 123.0% 
110.9% 115.7% 123.4% 

112.4% 117.5% 125.6% 

115.1% 120.8% 129.8% 

115.8% 121.6% 130.9% 

121.2% 128.0% 139.0% 

117.3% 123.3% 1331% 

Prope!ty Relnswanca (A8C) 

Casuatiy Reinsurance (8) 
CastMy Relnsuame (0) 

COmpaSik 

International Reinstrance 

Relnsurancc Total 
Reinswarns Composite 

18.4% 17.3% 13.0% 11.0% 38.0% 33.0% 25.5% 23.0% 25.5% 124.1% 131.5% 1435% 

15.5% 14.7% 11.7% 122% 17.0% 78.0% 18.0% $941 220% 118.7% 1.262% 736.8% 
13.6% 12.8% 10.8% 12.2% 360% 24.0% 21.0% 19.4% 22.9% 119.7% t262% 136.8% 
18.8% 15.8% 12.2% _- _. 

12.8% 13.4% 11.1% 7.8% -- - .- 20.0% 21.5% 117.3% 12?.3% 133.1% 

107K 118% 122% 12ltA 275% 217% iSO% 197% 23.l% 120.1% 126.6% 137. 
14:0x 13:1-h * i3:w 19:0x 19:0x . 19:0x 23.1% 
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Risk-Eased Capital -Analysis of Undewtting Risk 

Prk-dte Pasomgcr Atio Liibllii 
Commercial Auto Liability 

wmtmscmpensatkn 

Cwnmmkl MUltipertl 

PnxhJck Liability 
Germat Liawity 

CWlpC5iie 

Medical MalpreGtke 

Special LIabHi 

P-Year Line Composite 

lntcmatknal Primary 

‘Industry- Undenwtting Risk ‘“Comparf Undwniting Risk Total Required Total Funding 

Standard Weighted 50150 Selected Large Welghted 50/50 S&&d UNV (Percent Of Eqected PV Losses) 

Owtdtkm Std. Dw. Line/lndus(ry Std. Dev. Std. Dev. Std. Dev. Lln&xlustry Std. Dw. Risk 3%EPD Z%EPD l%EPD -- -- ----- 
(1) 

8.8% 

4.8% 
13.2% 

7.6% 

20.0% 

19.2% 
225% 
21 8% 

17.3% 

10.4% 

49% 

18.6% 

(2) (3) (4) (5) 

6.4% 9.3% 17.0% 13.2% 

51% 7.6% 7.6% 11.8% 
142% 12.2% 12.2% 14.3% 

62% 9.1% 9.1% 15.8% 

21.2% 15.7% 15.7% 14.3% 

21.0% -- 16.8% 39.2% 
24.2% -- 16.8% 30.0% 
23.5% 16.8% -- 24.5% 

18.6% 14.3% 14.3% 178% 

10.7% 10.4% 104% 233% 

50% 7.6% 11.0% 31.7% 

18.0% 14.1% 15.2% -- 

(‘5) (7) (8) (9) (10) (11) (12) 
11.7% 

10.5% 
21.5% 

14.6% 

19.1% 

432% 
32.7% 
30.0% 

238% 

31.6% 

220% 

15.0% 

14.4% 
19.8% 

16.4% 

187% 

_. 
24.1% 

21 0% 

24.9% 

20.1% 

230% 28.6% 

14.4% 16.3% 
19.8% 23.3% 

16.4% 16.8% 

18.7% 24.4% 

21.0% 25.4% 

24.9% 270% 

201% 22.9% 

22.0% 26.7% 

129.9% 138.4% 152.4% 

109.6% 114.2% 121.4% 
120.2% 126l3% 1376% 

113.1% 118.4% 126.8% 

122.2% 1292% 140.6% 

126.8% 1347% 1477% 

119.7% 1262% 1367% 

126.4% 1342% 1471% 

91% 96% 
6:9% 

99% 
iO% . 

116% 
S.s% 

19au 179% 19.1% 
21:9s( 13:6X __ 

I9 9% 
li%% 

22 2% 
1419% 

119.0% 126.4% 136.7 

Propertv Reimurance (AELC) 

Casually Ret- (8) 
Cssmkj Retnsurame (D) 

Composite 

233% 25.9% 17.0% 230% 13.4% 320% 25.1% 25.1% 340% 141.0% 1516% 1695% 

23.5% 25.5% 17.8% 17.8% 200% 24.0% 21 1% 21.1% 27.6% 128.0% 1361% 1496% 
M.6% 20.1% 15.1% -- _. - ._ 
19.1% 21.0% 15.6% - _. . . ._ 

Intematbnal Relnsummx 22.1% 22.7% 16.4% 15.2% -- - ._ 22.0% 26 7% 126.4% 134.2% 147 1% 

Rein~mnea Total 200% 217% 169% 194% 179% 26 6% 224% 22 3% 29 6% 1320% 1409% 1668% 
Re+nsunnce Canposi(s lo:o% 20:6% ’ 28:6% 18:7x 3314% 33.4% 39:1x . . 

96% 10 1% 10.1% 
6:2X 9:6% 

119% 
s:sn 

19 9% 192% 182% 
2Idx rs:ox . 

19 ox 226% 1191% 126.9% 136.4 
16:OH 1s:31( 
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Notes to Exhibit 3 
Column && 

(1) These figures are taken from Exhibit 

(4 These figures are taken from Exhibit 

1, Column (13) 

I, Column (14) 

(3) 

3 (4) 

(5) 

(6) 
(7) 

@I 

(9) 

(lo), (11)x (12) 

These are the average of the figure for the line in Column (2) and the figure for the industry total in 
Column (2). This inherently damps the variation in by-line results, reflecting the lack of full 
credibility that can he attached to the individual line data. 

These arc the selected standard deviations for “industry” risk. 

These figures are taken from Exhibit 2, Column (8). 

Thcsc figures are taken fmm Exhibit 2, Column (5). 

These are the average of the figure for the line in Column (6) and the figure for the industry total in 
Column (6). 

Thcsc are the sclccted standard dcviatiom for “company” risk. 

The total risk for each lint is calculated by taking rhe qnrc root of the sum of the squares of the 
figures in Columns (4) and (8). 

Thcsc are calculated using J lognormal distrihution. The cncfflicient of variation of the distribution is 
assumed to he the total risk mcasurc in Column (9). The tigures XC the ratio to the mean that rcduccs 
the cxpcctcd cost of claims .~hovc that ratio to the perccntagc shown at the top of the column. 



Eabit4 
sh&1 

Risked-Bared Capital - Claims-Made vs. Occurrence Risk 

R- Risk IJ- Rbk 
Required Tdal FundIng Required Total Fundbg 

HktuW Selected T&d (Percart of Eqmhd PV L-1 Hktorlcal Sbcled Total (PSI-cell of Eqmcted PV Logyg) 
3%EPD 2?&EPD l%EPO 3%EPD 2?&EPD 1XEPD 

o- (5) (6) -0 WI (121 

Products Liwily - Claims-Made 0.09 0.80 18.6% 112.9% 116.1% 126.5% 0.12 0.60 24.6% 122.5% 129.6% 
occurmnce 0.91 1.00 233% 120.2% 126.9% 137.7% 0.68 1.00 308% 134.2% 143.5% 
CompmitO 1.W 0.98 229% - 1.00 0.98 30.0% - 

Gmeml LiebiNy _ Cbims-Made 0.04 0.80 17.3% 111.0% 115.9% 123.6% 0.07 0.80 237% 121 .O% 127.7% 
OaUlTsnOe 0.96 1.00 21.6% 117.5% 123.7% 133.6% 0.93 l.w 29.6% 131.%% 140.8% 
0-e 1.00 0.99 21.5% - 1.00 0.99 292% - 

Medical hhlp3r3clll- Cbims-Made 0.34 0.60 16.6% 110.0% 114.6% 1220% 0.54 O.&l 22.8% 119.4% 125.9% 
OcCUn.Y@Z 0.66 1.6) 20.7% 1161% 121.9% 1313% 0.46 1.00 28.5% 129.6% 138.1% 
COfllDD5ll~ 1.00 0.93 19.3% - 1.00 0.89 25.4% - _. 

141.2% 
159.0% 

136.8% 
155.6% 

136.4% 
152.1% 
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Risked-Based Capital - Claims-Msds vs. Occurrence ReseNe Risk 

Indicated Medicel Malpmctke Loss Development Ratios 
Claims-Made vs. Occununce 
(thousands) 

Initial 
Composite * 

Current 
Accident 

Year 
(1) 

Incurred Incurred Claims-Made Non Claims-Made 
Loss & tAE Loss 8 LAE Ratio Initial Current Ratio Initial Current Ratio 

(2) (3) (4) (5) (61 0 (8) (9) (10) 

1982 $815,636 
1983 938,348 
1984 1,080,338 
1985 1,410,165 
1986 1.782508 
1987 1,929,778 
1988 1,977,188 
1989 2,083,910 
1990 2,156,834 

3894,943 
1,112,720 
1,239,837 
1,435.803 
1,481,340 
1,522,023 
1.668.878 
1,833.491 
2,051,294 

1.097 
1.186 
1.148 
1.018 
0.831 
0.789 
0.844 
0.880 
0.951 

$474,438 $406.353 0.856 $341,197 $488,590 1.432 
579.553 559,487 0.965 358,795 553,233 1.542 
639.019 846,006 1.011 441,319 593,831 1.346 
835,562 770,486 0.922 574,583 665,317 1.158 

1,124,093 861,601 0.766 658,415 619,739 0.941 
1,414,713 1,080,410 0.764 515,085 441,613 0.857 
1540,351 1,260,X3 0.818 436,837 408,725 0.936 
1608,752 1,430,285 0.889 475.158 403,206 0.849 
1 F678.813 1,571,209 0.936 478.021 480,085 1.004 

Average Loss Development 0.972 

Std. Dev. of Loss Development 0.147 

Indicated Relativity of Claims-Made Risk to Occurrence Risk 

0.881 1.118 

0.087 0.262 

33% 100% 

* Based on data of 37 PIAA companies, St. Paul, and Medical Protective. 
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Risked-Based Capital -Claims-Made vs. Occurrence Underwriting Risk 

Indicated Madical Malpradica Loss Ratios 
Claims-Made vs. Occurrence 
(thousands) 

Accident 
Year 

(1) 

Composite l 

lncuned Earmed Loss Claims-Made Non Claims-Made 
Loss 6 LAE Premium Ratio Incurred Premium Ratio Incurred Premium Ratio 

(2) (3) (4) (5) (6) (7) (‘3) (9) (10) 

1982 $940.231 $715,556 1.314 3429,219 3420,385 
1983 1,169,362 805,734 1.451 589,324 482,708 
1984 18312.779 959,131 1.369 681,586 597,609 
1985 1,529,401 1,309.571 1.168 815,290 774.688 
1986 1,565,620 1,836.875 0.852 918.954 I ,t49,284 
1987 1.636.043 2,1Q6,021 0.745 1,170,418 1,635.345 
1988 1,802,596 2,363,521 0.763 1,371,846 I ,833.al I 
1989 1,967,383 2,304.225 0.854 I ,538.983 1,769.lOO 
1990 2.194585 2,124,5ia 1.033 1.688.609 1.654,433 

1.021 
1.221 
1.141 
1.052 
0.800 
0.716 
0.748 

$511,012 
580,038 
631,193 
714,111 
646,666 
465,625 
430.750 

0.870 428.400 
1.021 505.976 

$295,171 
323.026 
361,522 
534.883 
687,591 
560,676 
529,710 
535,125 
470,085 

1.731 
1.796 
1.746 
1.335 
0.940 
0.830 
0.813 
0.801 
1.076 

Average Loss Development 1.061 

Std. Oev. of Loss Development 0.274 

indicated Relativity of Claims-Made Risk to Occurrent :e Risk 41% 100% 

0.954 

0.178 0.429 

1.230 

l Based on data of 37 PIAA companies, St. Paul, and Medical Protective. 
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Notes to Exhibit 4 

Sheet 1: (l), (7) 

Sheet 1: (2), (8) 

The historical mixes represent an estimate of the proportion of the experience over the last ten years 
that was written on each policy form. The former reflects the historical mix of reserves; the latter 
reflects the historical mix of premiums. 

These are selected based on the data on Sheets 2 and 3, and reference to the risk factors for the other 
lines of business in Exhibit 3. 

Sheet 1: (3), (9) 

E 

Sheet 1: (4) - (6) 
and (10) - (11) 

The policy form f&ton: reflect the selected relativity and the historical mix, and balance to the 
composite risk fictor, which is calculated in Exhibit 3. 

These have heen c~~lculnted in a manner analogous to Columns (10) to (12) of Exhibit 3. 



Exhibtt 5 
Sheet t 

Risk-Based Capital - Reserve Risk 

Reaulred T&l Funding 
(Percmi’ol Epzded PV L&es) 
3%EPD 2%EPD l%EPO 

-0 (1) (3) 

Private P-g~r Auto Liibittt 
Commcn$l Auto LiaMlii 

117.9% 124.1% 1341% 

110.7% 115.4% 1230% 
t 10.9% 115.7% 1234% 

112.4% 1175% 1256% 

115.1% lrn.6% 129.8% 

112.9% 116.1% 126.5% 
1202% 126.9% 137.7% 

111.0% 115.9% 1236% 
117.5% 123.7% 1x$.6% 

kMidMalpfactice- claims-Made 110.0% 114.6% t 22.0% 
OCCllFMlCe 116.1% 121.9% 1313% 

special Ltabuily 

Z-Year Line Composite 

tntwns(ional 

Propertv Reinsurance (A&C) 

Casuafly Retnsurance (Et) 
casualty Reimurance (0) 

t 15.6% 121.6% 130.9% 

121.2% 126.0% 139.0% 

1173% 123.3% 1331% 

124.1% 131.5% 143.5% 

119.7% 1262% 136.8% 
119.7% 126.2% 133.6% 

LGW 8 tAE Reserve Funding 
(Percent of Expected PV Losses) 

5% Disc. Full Value Sel. lmpktt SRI. RIB. 
Fsctors Funding Oiscwnt Fuw&g 

(4) (5) (6) (71 

0.926 107.8% 

0.916 1069% 
0901 1110% 

0650 117.6% 

0.862 113.4% 

0.675 114.3% 
0.615 122.7% 

0.685 113.0% 
0.825 121.2% 

0.645 1183% 
0.765 1307% 

0 697 111.5% 

0.966 1035% 

0.659 116.4% 

0.914 1094% 

0.751 (33 2% 
0.710 1406% 

40.0% t 04.5% 

40.0% 105.2% 
40.0% 106.3% 

400% 109.9% 

40.0% 107.6% 

400% 106.1% 
40.0% 112.5% 

40.0% 107.4% 
400% 111.7% 

40.0% 110.3% 
40.0% 116.4% 

400% 106.6% 

40.0% 102.1% 

40.0% 109.2% 

40.0% 105.4% 

400% 117.6% 
400% 121 1% 

Indicated RBC Funding Charge 
Appticabts to Resewas 

3%EPD 2%EPCl l%EPD 

(a)- (9) (to) 

12.8% 18.7% 

5.3% 9.7% 
4.3% 6.6% 

2.3% 6.9% 

7.0% 12.2% 

4.4% 9.2% 
6.9% 12.6% 

3.3% 7.9% 
5.2% 10.7% 

4.2% 39% 
-0.3% 4.7% 

8.6% 14.1% 

16.7% 25.4% 

7.4% 

177% 

1.8% 
-1.1% 

12.9% 

24 7% 

7.3% 
4.2% 

28.3% 

(6.9% 
16.1% 

14.3% 

20.6% 

17.0% 
22.4% 

15.1% 
19.6% 

10.7% 
12.8% 

22.6% 

362% 

21.6% 

36.1% 

16.4% 
13.0% 
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Sheet2 

Rtsk43a6ed Capital - UnderwritIng Risk 

RequiredTotal Funding 

A- 2% 1% 
(1) (2) (3) 

HomownerslFarmwnefs 

PrhndePas~mgerAutoLiabllity 
Commercial Auto LidMy 

w.xhws compensaNon 

Commercial MuKiperH 

129.9% 138.4% 152.4% 

109.6% 114.2% 121.4% 
120.2% 128.8% 137.6% 

113.1% 118.4% 1268% 

122.2% 129.2% 146.6% 

Products Lklbiiii- cla!ms-hlade 122.5% 129.6% 141.2% 
OCCUW3l~ 134.2% 143.5% 159.0% 

GsnerslLiabtlity- Claims-Made 121.0% 127.7% 1366% 
OCCWKWI~ 131.9% 140.8% 155.6% 

Medical Malpractice - Claims-Made 119.4% 125.9% 136.4% 
OCCUWeMe 129.6% 138.1% 152.1% 

spcclal Liibwy 126.8% 1347% 147.7% 

2-YearUnaCompnsile 119.7% 128.2% 135.7% 

lntemenal 

PropwIyReinsurance(ALC) 

CasualtyReimurance(B) 
CaswHyReimurance(D) 

1264% 134.2% 147.1% 

141.0% 151.6% 169.5% 

128.0% 138.1% 149.6% 

31.8% 

23.9% 
30.1% 

17.9% 

37.1% 

26.0% 
26.0% 

26.7% 
26.7% 

15.9% 
15.9% 

39.9% 

27.4% 

26.2% 

251% 

25.1% 

1.5% 

1.5% 
1.5% 

1.5% 

1.5% 

1.5% 
1.5% 

1.5% 
1.5% 

1.5% 
1.5% 

1.5% 

1.5% 

1.5% 

1.5% 

1.5% 

66.7% 134.096 

74.6% 123.4% 
88.4% 131.5% 

80.6% 118.7% 

61.4% 142.7% 

72.5% 126.0% 
725% 126.0% 

71 .a% 1269% 
71.6% 126.9% 

82.6% 114.6% 
82.6% 114.6% 

58.8% 1480% 

71.1% 127.8% 

72.3% 1262% 

75.4% 124.6% 

734% 124.6% 

PremiumFunding(PercentolE~~PVLosM) 
Underm#lng Selected Ewected Uneamed Written 

Expsllse ProM LOSS Pfemhtm Premium 
R8tb ?&gin Ratto Funding Funding 

(4) (5) (8) 0 (8) 
102.2% 

102.0% 
1022% 

101.9% 

102.4% 

102.1% 
102.1% 

102.1% 
102.1% 

101.8% 
101.8% 

1026% 

1021% 

1021% 

1020% 

102.0% 

Ap~kabktoWrittenPremium 
umed WrKten 
Premium Premium 3% 2% 1% 

0.50 

0.35 
0.35 

0.35 

0.48 

0.40 
0.40 

0.40 
0.40 

0.45 
0.45 

0.40 

0.45 

0.50 

0.35 

0.35 

1.00 

1.00 
I.00 

I.00 

1.00 

100 
I.00 

1.00 
1.00 

1.00 
I.00 

1.W 

1.00 

l.w 

100 

IW 

17.1% 258% 

2.1% 6.7% 
9.6% 15.7% 

8.1% 138% 

8.5% 12.7% 

13.8% 21.0% 
257% 35.1% 

11.9% 18.6% 
228% 316% 

16.3% 24.1% 
28.5% 38.7% 

9.2% 157% 

99% 166% 

17.8% 261% 

32.7% 43.2% 

19.9% 27.9% 

39.6% 

14.0% 
25.7% 

23.0% 

22.8% 

32.8% 
509% 

29.8% 
46.7% 

36.7% 
555% 

26.4% 

27.4% 

40.1% 

61.0% 

41.3% 

SUMRISKXLS 2118193 



Exhibit 5 
Sheet 3 

Notes to Exhibit 5 
Column 

(11, (a, (3) 

Sheet 1: (4) 

sheet 1: (5) 

Sheet 1: (6) 

Sheet 1: (7) 

Sheet I: (8). (9), (10) 

Sheet 2: (4) 

Sheet 2: (5) 

These figures are taken from Exhibit 3, Columns (lo), (1 l), and (12), respectively. The claims-made 
and occurrence figures are taken from Exhibit 4. 

These are discount factors calculated using a 5% interest rate and IRS payment pattern methodology, 
applied to 1991 industry Schedule I’ data. 

This is the inverse of Column (4), and reflects the funding provided by full value reserves as a 
pewntage of expected present value losses. 

Based on the ten years of experience reviewed, industry reserves are biased on the low side. This 
“implicit discounting” absorbs roughlv 40% of the full value discount. 

The figures reflect the ftmding inherent in reserves that are implicitly discounted by the amount in 
Column (6). 

(7) = I/11-(1-(4)) x (1.(6))l 

The figures reprcscnt the RRC funding required to achieve the target total funding, after account is 
taken of the rcscrvc funding in Column (7). Most import.mtly, they are expressed as a percentage 
apphcnblc to rcscrvcs, .md *wz .I pcrccnt~~gc of expected present value losses. 

(8) = i(l)-(7)1/(7) 
(9) = l(2)-(7)1/(7) 

(10) = l(3)-(7)1/(7) 

These .wc industry untlcrwriting expense r.>tios. as rcportcd in the 1991 Insurance Expense Exhibit. 

Rascd on the ten yc.m of expcriencc rcvicwcd, industry rates arc biased by approximately 1.5% .~bovc 
cxpctcd present wluc costs. 



Exhibit 5 
Sheet 4 

Notes to Exhibit 5 (cont’d) 
Column 

Sheet 2: (6) 

p&g 

This is the balance of the premium after deducting the underwriting expenses in Column (4) and the 
profit margin in Column (5). 

Sheet 2: (7) 

Sheet 2: (8) 

Sheet 2: (9), (10) 

16) = (1-(4)-P)) 

The figures reflect the funding inherent in the unearned premium reserve, under the assumption that 
2/3 of underwriting expenses are prepaid. The figures are percentage of expected present value losses. 

(7) = l(~-~/.?Y4))J/W 

The figures reflect the funding inherent in the written premium as a percenr -f expected present value 
IOSSCS. 

(8) = 1(1-(4))1/(6) 

The tot.11 funding must account for the current unearned premium and the next years written premium. 
The uncCvncti premium is C>sstlmcd to IX the portion of the annual written premium shown in 
Column (9). 

Sheet 2: (1 l), (12). (13) The figures rcflcct the 1iIlC funding required to nchicvc the target toral funding for underwriting risk, 
after account is taken of the premium funding in Columns (7) and (8). Most importantlp the figures 
:ve cxprcsscd .I pcrccnr.lgc applicable to written premium O&Y, and not as a percentage of cxpcctcd 
prctscnt v.lluc Iosscs. 

(11) = 1]((9)+(10)) x (I,] 1(9)x(7)+(10)x(8)1] x (6) 
(12) = 11((9)+(lw) x (211 - i(9)~(7)+(1w%ll x (6) 
(13) = ]l((Y)+(lo)) s (X)1 ](Y)x(7)+(1O)x(8)]] s (6) 



Private Passenger A&a LtatMy 
C-ciul Au& Liability 

worlws cmpensation 

ProducIs Liabittty: 

General Liability: claims-wde 
occurrence 

COmpQSite 

Medical Malpractice: Claims-Made 
OCCUlRnCe 

composite 

Special Liabttt 

221ear Line Compostte 

International Primary 

Edail 6 
Sheet 1 

Primary Insurers - Implied Premium-taSurplus Ratios 

NAIC 
1989 1990 

10.53 10.93 

4.12 386 
2.59 2.31 

8.64 0.85 

2.17 2.07 

1.22 0.85 

1.56 1.09 

1w 0.68 

2 34 3 89 

27.01 38 79 

2.52 1 73 

Academy Task Force Anatysk 

WWSI Qxcled Po(loyhdQr DMctt Benchmark 
YWX 2% 3% A--- 3:1 1:t Selected 

6.43 5.41 3.66 2.39 3.00 1.00 3.45 

852 11.18 6.75 3.92 3.00 l.W 6.18 
3.11 6.80 4.26 2.57 3.00 1.00 3.71 

10.36 7.30 4.29 2.42 3.00 1.00 3.65 

3.42 7.11 4.41 2.67 3.00 1.00 3.96 

6.25 3.91 2.39 3.00 l.W 3.59 
2.37 1.44 0.87 3.00 1.00 1.27 

0.76 2.16 140 0.87 2.56 0.98 1.25 

569 3.57 2.14 3.00 1.00 311 
2.93 1.85 1.12 3.w 1.00 1.63 

1.22 2.93 1.98 1.24 2.71 0.99 1.75 

5.58 3.45 1.85 3.00 100 2.94 
3.03 1.63 0.78 3.00 1.00 1.31 

3.10 3.26 2.32 1.29 2.54 0.97 1.98 

607 556 3 97 2.61 300 1.00 367 

38.79 888 556 3.45 3.M) 1.W 5.14 

5.96 4.19 2.75 1.74 3.00 1.00 2.48 

Primary Line Composite 495 4.23 6.84 7.42 4.59 2.78 3.16 1.06 4.131 

Property Reinsurance (A*C) 1.90 1.03 2.w 253 1 91 1.35 304 1 .Ol 1.80 

Casually Reinstrance (6) 084 0.93 204 405 2.64 1.54 3.86 1.27 2.30 
CD) 

cwllposite 0.27 0.38 --Tzi 250 1.68 0.86 1.67 0.57 1.41 

International Reinsurancc 

LRa~nsurance Line Ccmposite 0.40 053 1.16 2.71 1.82 1.02 2.08 0.71 1.58] 

lndustty Gxllposiie 4.71 4.09 6.69 7.36 4.56 2.76 3.18 1.06 4.10 

(PRIMARY.XLW]Premium to Surptus Resutts 211&93 



Reinsurers - implied Premium4oSurplus Ratios 

Exilibas 
Sheet2 

H-WFamumnwt 

Private Passe&w Auto Liablllty 
Commercial Auto LlaMlVy 

Workerr c0mpeMatk.n 

Commefclal Munlperil 

Products Liability: Claims-Made 
OCCunena, 

C~pos#a 

Medical Malpractice: Claims-Made 
occwrence 

COmpC&~ 

Special Liabilii 

Z-Year Line Compite 

International Primary 

AcadamyTaskForwA&& 

NAV.2 

A1990 

10.46 la.89 6.46 5.37 3.63 2.36 2.97 0.99 3.41 

4.16 3.92 8.41 11.14 6.90 4.04 3.05 1.02 6.34 
2.66 2.39 3.09 6.82 4.38 2.68 3.12 1.0s 3.85 

6.03 6.oB 6.53 5.22 3.12 1.74 2.12 0.71 2.60 

2.57 2.46 3.68 8.18 5.04 3.03 3.30 1.03 4.54 

3.06 2.36 1.42 1.61 0.56 2.09 
0.92 

0.51 
0.62 0.39 

0.36 0.32 D.M 
0.96 

0.65 
0.42 0.55 

0.40 0.98 0.43 0.56 

5.43 3.52 2.14 2.99 1.01 3.09 
2.81 1.83 1.13 2.88 

1.64 1.13 1.27 J.18 207 1.28 
1.02 1.62 

2.93 1.02 1.83 

5.06 3.55 2.19 3.93 1.40 3.24 
2.63 1.86 1.05 3.21 

1.29 0.95 3.77 4.03 
1.44 

2.85 1.70 
1.61 

3.81 1.45 2.55 

2.13 3.43 5.14 4.00 282 1.65 2.27 0.76 2.57 

12.29 22.88 22.88 625 4.27 2.79 2.80 0.94 3.92 

~Prlmaly line compmne 

Property Retnswance (A+C) 

CasuaMy Reinswawe: (6) 
(0) 

COmposite 

lntematiinal Reinswance 

[ Reinswance Line Com@te 

Indus!ry~~slt9 

4.38 3.91 5.07 5.64 3.65 2.29 3.x I .Ol 3.291 

1 a7 1.21 2.40 2.51 1.63 1.34 3.00 I.00 1.77 

0.88 0.99 2.10 413 2.71 1.60 4.06 1.33 237 

0.56 0.70 1.51 3.66 2.39 1.33 3.M) 1.00 205 

2.62 1.81 3.95 4.82 3.24 2.Oa 300 1.00 2.97 

0.67 0.81 1.78 3.46 2.29 1.35 3.10 1.02 2.011 

1.10 1.28 2.54 4.27 2.77 1.67 3.14 1.04 2.45 

[REINS.XLWJPremium to Surplus Ratios 2/l&93 



Net Risk-Based Capital Reserve Charges 

NAIC 
1989 19% -- 

0.092 0.086 

0.104 0.121 
0.133 0.172 

-0.036 0.005 

0.287 0.305 

0.174 0.253 

0.174 0.253 

0.148 0255 

0.104 0.056 

0.109 -0.074 

0.050 0.W 

AcademyTeakFmeAmtys& 

WUSt EXpCiedP&+llddMDdkN @erIchmark 
Year 3% rx(Jb--- 3:1 I:1 sekcted -- 

0.065 0.128 0.187 0.263 0.211 0.635 0.210 

-0.096 0.053 0.097 0.169 0.170 0.52u 0.110 
0.001 0.043 0088 0.161 0.141 0.435 0.110 

-0.154 0.023 0.089 0.143 0.116 0.365 0.090 

0.117 0.070 0.122 0.206 0.158 0.493 0.140 

0.044 0.092 0.170 0.156 0.470 0.110 
0.039 0.128 0.224 0.065 0.207 0.150 

0.287------ 

0.033 0.079 0.151 0.116 0.364 O.lW 
0.052 0.107 0.196 0.072 0.241 0.134 

0.212------ 

-0.Lm2 0.039 0.107 0.033 0.255 0.060 
-0.063 0.047 0.128 0.032 0.109 0.070 

-0093------ 

-0.109 0.086 0.141 0.228 0.167 0.534 0160 

-0.043 0.187 0.254 0.362 0.218 0.65-I 0.260 

0.057 0.074 0.129 0.218 0.136 0.422 0.150 

PmperhlRehswance(A*C) 0.370 0.315 -0.034 0.177 0.247 0.361 0.16s 0.525 0.280 

CasuakyReinwrmce:(B) 0.384 0.348 0.128 0.018 0.073 0.164 0.067 0.236 0.106 
CD) 0.592 0366 0.183 -0.011 0.042 0.130 0.067 0.236 0.060 

International Reinsmmce 0.0% 0.245 0200 0.074 0.129 0.2l8 0.172 0.525 0.150 

ReinwnnceUneCom~s I 

[BACKUPXWJNdRECR-Charges 2/l&93 



Exhibii 6 
Sheet 4 

Net Risk-Based Capital Written Premium Charges 

HomeovmwsJFamwmers 

P&ale Passenger Auto Uabilii 
Commercial Ado Liability 

workers compensation 

Products Liabilii: Claims-Made 
OCCUirWlCe 

COOlpOSlt~ 

General Liabiiii: Claims-Made 
OCClW~llc~ 

Composite 

0.076 0.073 0.147 0.171 0.253 0.396 0.317 0.953 0.270 

0.198 0.203 0.100 0.021 0.067 0.140 ‘).255 0.780 0.070 
0.297 0.302 0 282 0.096 0.157 0.257 0.211 0.653 0.170 

0.063 0.057 0038 0.081 0.138 0.230 0.174 0.548 0.150 

0.217 0.219 0.228 0.065 0.127 0.228 0.237 0.735 O.WU 

0.138 0.210 0.328 0.234 0.705 0.223 
0.257 0.351 0.509 0.098 0.311 0.370 

T 0.157 -xTF------ 

0.119 0.166 0.296 0.173 0.546 O.xK) 
0228 0.318 0.487 0.108 0.362 0.330 

--GT 01M 0.259------ 

Medical Malpractice: Claims-Made 
occwrenc@ 

ComposRe 

0.163 0.241 0.367 0.124 0.383 0.250 
0.285 0.387 0.555 0.048 0.400 

0.458 0.479 7---- 
0.164 

Speckal Liability 0.392 0.217 0110 0.092 0.157 0264 0.251 0.801 0 170 

2-Year Line Composite -0.044 -0.036 -0co4 0 099 0 166 0.274 Cl 327 0.961 0.180 

lntemationzd Primary 0.354 0.496 0.100 0176 0 261 0.401 0.203 0.633 0.280 

Academy Task Fe An.ety& 
NAIC worst ExLw&Jd Pcikyhcar Dencii BendMlarlc 

1989 1990 YW 3:l 1.1 selected --- 3p6 296 A--- 

Primary Lene CornPaRe 1 
Property Reinsurance (A+C) 0289 0645 0.363 0.327 0432 0.610 0.252 0 780 04% 

Casually Reinsurance: (6) 0.334 0 294 0.264 0.199 0 279 0.413 0.101 0354 0.290 
(0) 

International Reinsumnce 0.354 0 437 0 073 0.176 0 261 0401 0.258 0 768 0.280 

Reinsurance Line Composite 1 

[BACKUP.XLWW]Net RBC WP Charges 2118193 



Net Risk-Based Capital Unearned Premium Charges 

AcadmnyTnkFww Anatph 

NAIC Wors( Ecq?EctedPoncyheMoa~ Eanchmarlc 

19891990- Year 3% 2% 1% 1:i c&leded 3:1 

0.242 -0.245 -0.065 0.000 O.Mx) 0.000 0.000 O.COO OSCQ 

.o.odi -0.033 -0.059 O.OCG 0.000 O.ooO 0.W 0.000 OWJ 
-0.004 0.001 0.081 O.ooO O.ooO O.OiXl O.ooO O.OW O.Doo 

-0.116 -0.122 -0.111 0.000 0.030 O.ooO O.OLW O.wO 0.000 

4.154 -0.152 -0.019 0.m 0.000 O.OOG O.wO OS03 0.030 

0.000 0.000 O.KlO 0.003 0.000 0.000 
O.OQO O.OiJO O.ooO O.OOJ 0.000 O.OLM 

4.261 -0103 -o.o04------ 

O.COO O.CQO O.Mx) 0.000 O.OW O.Mw) 
O.CQO 0.000 O.oM) 0.004 O.OCG -0.2bl -0.103 0.081-- a--- 

0.000 0.000 0.000 O.OlH 0.000 O.OOQ 
0.004 0.000 0.000 O.OQO 0.000 0.000 

0299 0520 0.078------ 

-0.007 -0182 -0.156 0.000 0000 O.COO 0.000 O.ooO 0.000 

-0.318 -0.310 -0.107 O.ooO 0000 0.003 O.ooO 0.000 OCCCI 

0.092 0.234 -0.075 O.oW 0.000 0004 O.Xil 0.000 O.OO+l 

1 Plimwy um? ccmposite 1 

Prcpetty Reinsurance (A+C) 0.038 0394 0.196 O.OOG O.OQO 0000 O.ooO O.OCO 0.003 

Casualty Reinsurance: (B) 0.083 0.043 0.097 O.WJO O.OOG 0093 O.OQO OSXX O.wO 
W 

International Rdnsurance 0.092 0.175 -0.167 OOOO O.Mx) 0.000 0000 0.030 0.000 

Rcfnsurame Lii Composlle 1 

[BACKUP XLWjNel RBC UPR Charges 2r18193 



NAIC 
1989 1990 

Prlmalyhsurers 

l!rdmentRBC 
creda 
Reinsuran~8Crtii 
R-RBC 
UndawrgingRBC 

Total 
CovsrlaW 

Ne)RkkBWdCapital 

InwslmentRBC 
C&l 
ReinsurancaCredfi 
ReserveRBC 
UndemritingRBC 

Total 
COVZ!!WlCe 

NctRiskBasedCapital 

InvestmentRBC 17,151,800 17.388.915 16507,914 16,319.493 17.038.246 18,285,25(1 17,7Q6,901 23.100,175 17,254,IOI 
CWdll 1.021.367 1.021,367 1.021367 1.021.367 1,021.367 1.021367 1.021.367 1,021,367 1.021.367 
RehsuranceCredX 5.816.616 5.816.616 5.816.616 5,816.616 5.816.616 5s816.816 $816,616 5.816.616 5.816.616 
Reser~eRBC 45405.008 50.238.036 20,821,819 15,513,884 31.197.6w 56.M)8.480 3%104.297 122.447943 37.498,504 
UndewitingRi3C 27.283.096 3J3.444.244 24.445229 Zf.660.730 36.039.769 59262.946 55.204,911 169.Of9.022 38.461.821 

Total 96.677.888 104.989.179 68,612.945 60352.092 91 .113,602 14O,S94.640 118.944.093 321,405,123 100.052.4@8 
COWMilCe (39959,094) (43.140,319) (31.980,820) (28,699,447) (40254.7371 (56.635872) (48,657.182) (110,919.353) (43.412.918) 

NetRiskBasedCspital 56,718,794 61.758.859 36,632,125 31,852.644 50,858.865 84.158,768 70,286.911 210,485.770 56.839,491 

Industry Premium 223.243,202 223.243.202 223.243202 223.243.202 223.243.202 223.243.202 

IndustryPremium-to-SurplusRatio 3.94 3.61 6.09 7.05 4.39 2.65 

15,454,146 15,716.302 14946,987 14,836,645 15,510,912 16,676.157 16.283.849 21,429.224 15.709.664 
%wQe 958,- 358.698 Q=,w 958,698 Q58m =.=a 958.6% Q=*- 

4.992.792 4,992,7%2 4992,792 4,Q92,792 4,992.792 4*992.782 4992.792 4,992,792 4.992.792 
33.m.883 40,617.103 16,837,585 14,231+2wJ 28.183,EsQ 50.683.424 36.\57514 112666.440 33JD9.787 
24.3W.855 26.931,981 21.482,484 19,359,531 32.es3.79f %?05288 52,651,708 i69,930,766 34,948,016 
79.487.174 69,216.M 59.217.605 54388.926 8239,861 127,501.339 Ifl,OW59 3cQ977.9m 90,318.976 

(34.914,607) (37.851.9xa) (fl,BJB.Jx)) vwww w.=ww (51344,472) w5m.w Pw21,~) (39.125406) 
44,572,553 51,364.92% 31379,285 28,532,568 46,04%,168 76,156,867 ss,037.910 197.658,074 51.193,570 

1,697.654 1.672.613 
62,670 62,670 

823.824 823.824 
11.627:325 9.620:933 

2,979.241 3.512.284 
17.190,713 15.692,323 
(5.044487) WW390) 
12.146.226 10.403.933 

Net Risk-Based Capital 

1.561.847 1.482.848 
62,670 62.670 

823,824 823,624 
3.984.254 7,282,624 
2962,746 2,311.199 
9,395.340 5983,165 
(4142.500) (2a843.089) 
5.252.840 3.120.076 

1.527335 1.6u9.073 1,513,052 1,67O.Q51 
62.670 62,670 82.670 62.670 

823,824 823.824 823,824 823,824 
3.013.934 w40.056 2.946.783 9,781,503 
3.345.979 5057,678 2,553*M5 8,088.256 
8.77X741 13.493.303 7.899.534 20.427203 

(3:959:044) (5:491:400) (3bG34) (7:597.507) 
4,814.696 8.001.900 4.249.0@3 12.829.696 

223.243.202 223,243,202 

316 1.06 

1544,417 
62,670 

823,824 
3,78?3.717 
3.513.806 
9,733,433 

(4,287,512) 
5.445.921 

223.243202 

3.94 





REPORT ON COVARIANCE METHOD 
FOR PROPERTY-CASUALTY 

RISK-BASED CAPITAL 

Actuarial Advisory 
Committee to the NAIC P/C 

Risk-Based Capital Working Group 



Report on Covariance Method for 
Property-Casualty Risk-Based Capital 

Actuarial Advisory Committee to the 
NAIC P/C Risk-Based Capital Working Group 

February 26, 1993 

174 



introduction 

The Actuarial Advisory Committee to the NAIC Property/Casualty Risk-Based Capital 
Working Group has developed a recommended method for treating covuriance. Our 
technique combines the separately-determined RBC amounts for all of the risk elements, 
assuming that everything bad doesn’t occur at once. The proposal is based on data 
analysis as much as possible and, we believe, sound judgment otherwise. We have 
included results from our recent extensive analysis of underwriting risk over 1982-91, 
from testing on individual companies and from comments on earlier proposals. 

This report is organized as follows: 

Recommendation 

Concept& Background 

Selecting Independent RBC 
Categories 

Correhtion Between Lines 
of Business 

Treatment of Afjiliates 

Numerfcal Example of 

Covarhce Formula 

Exhibits 

Appenrii* 

A brief description of the proposed covatiance formula; 
subsequent sections describe its rationale. 

Discusses why a covariance adjustment is needed. The 
effect of statistical independence, correlation and the role 
of diversification. The square root rule. 

Determines which asset, credit and underwriting risk 
elements are treated as independent, and thus reduce total 
RBC. 

Develops simplified covariance formula for 
diversification by line: the concentration adjustment. 

Shows why affiliate ownership must be treated differently 
from other equities in covariance formula. 

Illustrates the proposed formula with a simple set of 
numbers for the inputs. 

Provides additional detail supporting the analysis. 

Provides theoretical background for covariance method. 
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Recommendation 

For treatment of covariance between risks in the RBC calculation, we recommend the 
following formula to combine the RBC for independent risk categories: 

TotalCompany RBC = RI + ~[R#+ [F1312+... +[I+]? 

The variables in the formula are RBC amounts for seven categories: 

RBC 
Amount 

RI 

RZ 

R3 

% 

RS 

% 

R7 

Risk Category (RBC is addedfor all items in category) 
Assets: Stock (common and preferred) of U.S. P/C insurance affiliates 
Assets: Equities excluding P/C insurance affiliates 
Assets: Fixed income items 
Credit risk 
Loss & LAE reserve and reserve growth risk, adjustedfor concentration 
Premium risk and premium growth risk, adjustedfor concentration 
Size risk 

Tbe above concentration-adjusted reserve and premium RBC amounts are 

Adjusted Reserve RBC = RBC x to.7 + (0.3 x Reserve Concentration)]. 

Adjusted Pnmlum RBC = RBC x [0.7 + (0.3 x Premium Concentration)]. 

The purpose of the concentration adjustment is to allow for the effect of diversification 
between lines of business. The reserve concentration is the ratio of the reserve for the 
largest single line to the reserve for all lines. The premium concentration is a parallel 
calculation. The specific concentration formula is provided in the section of this report 

that discusses correlation between lines. 

The special Wabnent of property-casualty affiliate RBC (removed from the equities 

category and denoted by RI) outside the square root is to avoid applying the covariance 

adjustment moCe than once to an insurer. Otherwise RBC can be severely understated. To 
further address the affiliate covariance problem, we recommend that the insurer have the 
option of consolidating a$Za&s in determining total RBC. 
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Conceptual Background 

In establishing a risk-based capital formula, a sensible, basic approach is to set the capital 
requirement for each risk element so that the insurer will be reasonably safe from 
insolvency due to that particular risk element alone. However, the total RBC for an 
insurer should generally be less than the simple sum of the RBC amounts for each risk 
element. 

Diversijcation is responsible for this reduction to total RBC. Most insurers write several 
lines of business. It is unlikely that all lines will have adverse results at the same time: for 
example, property catastrophes are independent of liability losses and adverse workers’ 
compensation reserve development does not always correspond to like movement in auto 
liability reserves. Similarly, many insurers have a broad portfolio of assets including 
stocks, bonds and real estate. Often the stock and bond markets will move in opposite 
directions at the same time, offsetting an adverse impact in one area. Thus, an insurer can 
reduce its chance of insolvency by diversifying its risk across underwriting and asset 
categories. 

For two items, whose future values are uncertain, to have values unrelated to each other is 
called statistical independence. When two risk elements arc independent, an adverse 
movement in one risk ite-m will correspond, with equal likelihood, to either a positive or 
negative movement in the other. Clearly, when risk elements are independent, there is 
less total risk than if they are correlated. Statistical independence, which gives rise to the 
“law of large numbers”, is the cornerstone of insurance. The more independent events 
insured, the more likely that adverse outcomes will be offset by favorable results. 

On the other hand, if the risk elements are perfectly correlated, then the total RBC is the 
sum of the separate RRC amounts : for example, if loss reserves and stocks had 100% 
correlation, then an adverse development in loss reserves will always be accompanied by 
an equally adverse result in the stock market. Note that correlation is a measure of 
covariance, the ability of two variables to move together (i.e., to “co-vary”). Hence the 

general technique for combining RBC amounts has become known as the “covariance” 
adjustment. 

As indicated in our Conceptual Framework document, a practical mathematical technique 
for recognizing independence of events computes their total RBC as the square root of 
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the sum of the squares of the individual RBC amounts. We call this the “square root 
rule.” The Life/Health Risk-Based Capital formula, adopted in 1992, also has a square 
root rule for combining RBC for separate risk elements. The Appendix develops the 
theory underlying the square root rule and discusses correlation in greater detail. 

Perhaps the most important benetit of a risk-based capital program is to motivate insurers 
to “do the right thing.” This proposal encouragesdiversification, both for investment 
portfolios and underwriting lines of business. We fiily believe that prompting insurers 
to spread their risk will be a major benefit to policyholders from a properly-designed 
RBC approach. 

It is as important to recognize the degree of correlation between risk elements as it is to 
recognize the risk of any individual items. Ignoring the covariance adjustment to RBC 
could substantially harm a well-diversified insurer. 
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Selecting independent RBC Categories 

In order to establish a practical application of the square root rule, one must select a 
limited number of independent risk categories, recognizing that few risk elements are 
either truly independent of all others or are perfectly correlated with them. In some cases 
where there was a perceived independence or correlation between risk elements (e.g., 

reinsurance credit risk and loss reserve risk) we chose to ignore the relationship because 
the correlation was weak or the items were rather small for a typical insurer, and thus the 
effect on total RBC was minor. 

Exhibit 1 shows that the square root rule tends to overstate the true amount of RBC for 
independent risk elements. Thus, if risk elements are almost independent (i.e., are weakly 
correlated), which is likely in practice, then the square root rule will be an even better 
approximation. See Exhibit 2 (discussed below) for an example of this. 

Asset vs. Undowrithg Risk 

In general, we felt that non-insurance asset risk (including credit risk) was independent of 
underwriting risk (reserves, premium. size and growth risk). A notable exception is the 
relationship between bond duration and reserve duration (the interest rate risk); we will 
provide a separate recommendation on this topic. 

tn&pen&mt Asset Catago&w 

The major asset categories likely to produce enough RESC for a material covariance 
reduction if independent are stocks, bonds and ceded reinsurance. We believe that ceded 
reinsurance risk is largely independent of the other assets since we could find no a priori 
reason why reinsurance defaults should be highly correlated with investment returns 
(rather, they should be related to adverse underwriting performance). 

As indicated in Exhibit 2, based on long-term historical data, the correlation between 
stock and bond returns is a rather weak 14%. Ignoring the correlation understates 

combined RBC by a maximum of about 6%. However, the square root rule itself is an 
approximation that overstareS RBC, so the errors tend to cancel. Thus, it is reasonable to 

use the simple square root rule and to assume no correlation between stocks and bonds. 
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tndependent Undenvrttlng Categodes 

The major underwriting risk categories are loss & LAB mserves, premiums, growth and 
size (both reserves and premiums). 

Based on our extensive study of underwriting risk, we have concluded that reserve and 
written premium risk are not very well correlated. Here we define risk as the volatility 
(standard deviation) of the present value of reserve or premium deficiency. The reserve 
deficit is measured at the end of each year, while the premium shortfall is determined in 
thefollowing year. Note that, at any point in time, the risk in premiums is related to 
upcoming exposure, since premium adequacy for the evaluation year is already 
incorporated in the reserve BBC. 

Exhibit 3 shows that, from 1982 to 1991, the industry ah-lines composite premium and 
reserve risk elements had only a 26% correlation. In fact, many of the individual lines 
show a negative association. However, because the historical period includes only one 
complete underwriting cycle (the next one may behave differently), one must be careful 
not to attach much credibility to the correlation of any particular line. Thus, we have 
included a correlation measure that weights each line equally with the all-lines composite. 
Also, Exhibit 3 shows that the number of years between the worst premium and reserve 
deficiency varies dramatically by line; with a strong premium/reserve correlation these 

would all be the same. Since the correlation is weak, and the square root rule overstates 
BBC, for the sake of simplicity, we have treated these two components as being 
independent. 

Based on our judgment, we have determined that reserve growth risk is highly correlated 
with reserve risk, and therefore have included it with the reserve BBC category. 

Similarly, the premium growth risk is put with the premium risk. 

Also, we believe that size risk is independent of either reserves or premium, but premium 
and reserve size risk are highly correlated. Thus, sire risk for both should be a single 
independent BBC category. 
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Correlation Between Lines of Business 

Our underwriting risk analysis has provided a way to measure the covariance between 
lines of business (an earlier proposal was based on judgment). To simplify the formula 
while recognizing the relationship between lines within loss reserve and written premium 
risk categories, we have developed an adjustment that depends on the concentration by 
line of business. It is applied separately to loss Kc LAE reserves and to written premiums: 

Adjusted Reeerve or Premium RBC = RBC x [0.7 + 0.3 x Concentration], 

Reserve Concentration = LoesALAE reeerve for lamest line (Page 10 ACol5 + Q 
Total loss & LAE Reserve 

Pfemlum Concentfatkn = Net Premium W&en for leweet line /Page 8 /Cd 4) 
Total Net Pmmium Written . 

The concentration adjustment reduces the RBC for insurers having a diversified book of 
business: a monoline insurer would get no reduction to its RBC, but the average insurer 
(about 30% concentration in both Workers Compensation reserves and PP Auto Liability 

premium) would get around a 20% reduction (before applying the square-root 
calculation). The reduction is limited to 30%. 

Exhibit 4 &rives the concentration adjustment from the average correlation between 
results for the Schedule P lines of business. We used P/C industry data from 1982-1991 

for this analysis. For both reserves and premium, the average correlation between lines is 
about 40%, a number too low to lump all lines into a single independent category without 

adjustment, and too high to require independent line categories (to do this would greatly 
complicate the formula, anyway). Therefore we recommend this intermediate path of 
using the concentration adjustment. 
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Treatment of Insurance Affiliates 

When the RBC for holding an affiliate is the ownership percentage of the affiliate’s RBC, 
one cannot assume that this asset risk is independent of the other RBC categories. To 
illustrate, if an insurer creates a subsidiary that is a scaled-down version of the original 
company, then the results of the sub will be perfectly correlated with that of the parent 
Thus, the square root rule should not apply: using it for affiliate RBC applies the 
covariance reduction twice (or mom, if them are several layers of ownership), when only 
once is warranted. Exhibit 5 illustrates this point. 

In Case 1, the original insurer (now the consolidated group) carves out a subsidiary one- 
third the size of the group. The group’s RBC is %3,69!9-which should be identical to the 
parent’s RBC, since the risk of the entire enterprise cannot change by shifting its assets 
and liabilities back and forth between sub and parent. The sub’s RBC is $1,233, which is 
one-third of the group RBC. This is proper, because the sub is identical to the group, but 
a third its size. 

Including the sub’s RBC “inside” the square root (Cov-Adjusted Total 1) gives $2,757 
for the Parent’s RBC-an amount 25% too low. However, placing the sub’s RBC 
“outside” the square root (Cov-Adjusted Total 2). which assumes that the sub’s results 
depend on the parent’s results, yields the correct RBC for the parent. 

A third, theoretically correct treatment of affiliate covariance (Cov- Adjusted Total 3) is to 
consolidate the six independent RBC categories (R2 through R7) for parent and affiliates 
and then apply the square root rule to the six consolidated RBC categories. This gives the 
RBC of the consolidated insurer-a result that doesn’t depend on the ownership structure. 

Case 2 shows that only the consolidation method works when the sub is nor a 
proporrionute scaling of the parent. Here the “inside” method still produces a very low 
parent RBC. but the “outside” formula gives slightly (by 3%) too much parent RBC. Note 
that the “inside” formula will alwuy~ give a parent RBC that is too low and the “outside” 
version will always give the cormct or higher (although not by much for typical afftliates) 
parent RBC. 

Because the “outside” fonula is much easier to use than consolidation in calculating 
RBC, we recommend it for computing a company’s total RBC. However, we also 
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recommend that the insurer have the oprion of consolidating (up to the ownership level) 
all affiliates in determining total RBC. 

Treatment of life insurance subsidiaries is difficult, since there is some correlation with 
P/C parent results through asset risk. But, we believe that, overall, life affiliates are more 
independent than dependent, and thus their RBC should be included with equities (R2) 
“inside” the square root. 
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Exhibit 6 illustrates the calculation of our recommended RBC covariance method: 
suppose that a hypothetical insurer owning a subsidiary has the following amounts of 
RBC by risk category before the covariance calculation: 

Affiliate ownership 
Equities 
Fixed income assets 
Credit risk 
Reserve risk 
Premium risk 
Size risk 

Parent Subsidiary 

$100 $0 
200 60 

100 0 
50 0 

300 90 
200 30 
50 0 

The reserve and premium concentrations are 50%, and 40% respectively for both parent 
and sub. Thus, the sub’s RBC is $100 (see Exhibit 6b) and the parent’s RBC is $543 
(from Exhibit 6a) using the recommended square root rule with the affiliate RBC added 
after the 4uare root is taken. Applying the consolidation option reduces the insurer’s 
RBC slightly to $542. 
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Exhibit 1 
Error in Using Square Root Approximaiion 

The square root rule approximates the true amount of capital required when two risk 
elements are independent. The graph below shows the error in this simplification under 
either the normal or lognormal probability distribution, for two equal-sized independent 
risk elements having the same standard deviation. 

Envr Using Sguara Roof Apprvximath 
Under Normal and Lognoml Uistrfbutions 

EPD Ratio of .Ol 

0.20 0.30 0.40 

Volatility of Risk Element 

-------- Normal - LOgn0llWl 

The volatility of the risk element is the ratio of the standard deviation to the mean. The 
solvency standard chosen for this comparison is an expected policyholder deficit ratio of 
1%. The EPD ratio is the average insolvency cost per dollar of obligation to 
policyholders. This idea is developed in our Conceptual Framework document 

The error is defined as the approximated ratio minus the true ratio of capital to the risk 

element. Since the error is positive, the square root rule 0ver8rures the true amount of 
RBC, assuming that the risk elements have these probability distributions (we believe that 

these are reasonable choices for most RBC items). 

For details on the error calculation and derivation of the square root rule, see the 
Appendix. 
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Exhibit 2 

Stock vs. Bond Correlation 

The scatter diagram below depicts the 1926-1989 stock and bond returns (based on 
Ibbotson & Associates data). The correlation between them is 14%. 

1926-88 Stock vs. Bond Returns 

0.5 - 

0 
E 0.4 -- 

= 5 0.3 -- 0 

= 0.2.~ 
0 
s 0.1 . . 

m 0.0.. o O 
O ogo&y$$+ goi 

o 

-0.17 : : : p : O: : : : : 4 

I -0.5 -0.4 -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4 0.5 0.6 

Stock Return 

Using the square root rule and incorporating the correlation, the combined RBC for these 

two risk elements is C = l’C,{ + Cj + 2(.14)C& ,where CB and Cs are the RBC 

amounts for stocks and bonds. The maximum error in assuming a zero correlation is a 
6.3% understatement of the total RBC, occurring when stock and bond RBC arc equal. 
For an 8-m-l ratio of stock to bond RBC, the error is only 1.7%. 

However, the square root rule itself is an approximation that tends to overstate the 
amount of RBC needed (see Exhibit 1). For example, assume a 1% expected insolvency 

cost, a normal distribution for asset variability and annual standard deviations of 5% for 
bond annual returns and 15% for stocks (based on the Ibbotson data). Including the above 
effect of omitting the correlation, the square root rule still overstates the true RBC. The 
maximum overstatement, occurring with equal amounts of stocks and bonds is 2.3% of 
the assets. The net overstatement is 3.8% for the lognormal distribution. 

Recognizing the above offsetting factors and the importance of simplicity, it is reasonable 
to use the simple square root rule, assuming no correlation between stocks and bonds. 
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Exhibit 3 

Correlation Between Present Value of Reserve and Premium Defiiency 
1982-91 V. S. P/L Indushy Resuh 

PV Re5erve vs. Premium Defidency 
All-Lines Composlto 

13.0% - 

8.0% .- 0 

0 

5 3.0% -. 0 

5 
& -2.0% 

4 
.. 

-7.0% .. 0 Cl 
0 

-12.0% 4 
-18% -15% -12% -9% -6% -3% 0% 

Ftbbetvb 

cotrelbtlon* 
Raw value Wcigbkd 

Homeowners -0.14 0.06 
PP Auto Liab 0.81 0.54 
Comm Auto Liab 0.24 0.25 
wolkascomp 0.64 0.45 
CMP 0.56 0.41 
Products Liability 0.59 0.42 
Other Liability ex PL 0.66 O-46 
Med Mai 0.76 0.51 
Special Liability -0.35 -0.05 
Comb 2-Yr Lines 0.38 0.32 
llllmlatioual -0.53 -0.14 
PnqeatyRoiiAC -0.33 -0.04 
Casualty Reins B 0.52 0.39 
CawaltyReins D -0.31 -0.02 
Rekls rlltl -0.07 0.10 

AU-Lines Composite 026 0.26 

Worst-Year 
Gap** 

7 
-1 
-2 
-1 
0 
1 
0 
-2 
-5 
-8 
4 
-5 
-1 
-2 
-1 

-1 

**[year of wcsst pmn dcfcimcy] - [year of worst msv defy - 1. Fe&x% collation would be ZQO. 
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Exhibit 4a 
Calculating the Concentration Adjustment 

For this analysis, we used the data underlying our proposed reserve and premium RBC 
factors. We have segmented the risk into an industry component, which measures year-to- 
year variation for all companies, and a company component, which measures variation 
within a year between all companies. These two risks are assumed to be independent, so 
their total is computed using a square root rule. 

Exhibit 4b summarizes the calculation of the average correlation between lines @ in the 

exhibit) for reserves: it is about 42%. Here we have used the 1985 (a representative year 
for the period used) reserve volume to weight the line results. 

Exhibit 4c performs a parallel calculation for premium, giving an average correlation of 
about 43%. 

We have rounded both of the correlation measures to 40%. Translating the correlations to 
a concentration adjustment assumes that 

(1) the insurer has n lines of business of equal size with concentration 
C = l/n = [volume of the largest line] c [total volume] and 

(2) the RBC is the same for each line. 

Assumption (1) overstates RBC and (2) understates RBC, so the net effect is nearly exact. 

Thus, the concentration adjustment factor is &xGm9 

or approximately &+(l-Ji;)xC. 

Using p = 0.40 for both reserves and premium, we get fi = 0.63; to compensate for the 

small correlation between reserves and premiums, we have boosted this to 0.70 in the 
proposed formula: 

Adjusted reserve orpremium RBC = [.7 + (-3 x C)] x [unuajusted RBCJ. 
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Exhibit 4b 

Correlation Between Lines: 1982-91 U. S. P/L Industry 
Loss & LAE Reserves 

Line of Business 

Homeowners 
PP Auto Liab 
Comm Auto Liab 
Workers Comp 
CMP 
Other Liability ex PL 
~Products Liability 
Med Malpractice 
Special Liability 
Comb 2-Yr Lines 
International 
Property Reins AC 
Casuahy Reins B 
Casualtv Reins D 
Reins &emational 
,Total 

1985 Std I: ev of Deficiency 
Volume Company Industry Total 

“i SC* sd, Sri 
4,999 23.0% 6.2% 23.8% 

28,015 15.0% 2.8% 15.3% 
9,216 14.0% 4.4% 14.7% 

31,254 14.0% 6.5% 15.4% 
9,813 18.0% 9.6% 20.4% 

18,263 20.0% 16.3% 25.8% 
4,496 29.0% 19.1% 34.7% 

11,281 26.0% 11.7% 28.5% 
1.591 21.0% 3.8% 21.3% 

11,295 28.0% 6.9% 28.8% 
88 30.0% 6.5% 30.7% 

1,387 33.0% 16.4% 36.9% 
5,394 18.0% 15.5% 23.8% 
6.910 24.0% 13.6% 27.6% 

17 30.0% 12.6% 32.5% 
144,019 

0, 18.9% 1 8.7% 21.2% 

St, = 

&Gip 

All-Lines Composite 

Independent Std Dev 

DC 14.0% 4.5% 14.7% 

6,2% 3.1% 6.9% 

Correlation Coeficient 

P=(of-4)/(+4) p 
49.1% 16.5% 42.1% 

*where “x” denotes “c”, “d” or “t” 
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Exhibit 4c 

Correlation Behveen Lines: 1982-91 V. S. P/L Indusby 
Premium 

Line of Business 

Homeowners 
PP Auto Liab 
Comm Auto Liab 
Workers Comp 
CMP 
Other Liability ex PL 
Products Liability 
Med Malpractice 
Special Liability 
Comb 2-Yr Lines 
International 
Property Reins AC 
Casualty Reins B 
Casualty Reins D 
Reins International 
Total 
Average 

uA =(Csxivi)/(Cvi)* 

1985 Std Dev of Deficiency 
Volume Company Industry Total 

vi sci sd, sti 
13,843 11.7% 8.8% 14.6% 
26,439 10.5% 4.8% 11.5% I 
6,485 21.5% 13.2% 25.2% 

15,889 14.6% 7.6% 16.5% 
9,592 19.1% 20.0% 27.7% 
6,927 32.7% 22.5% 39.7% 
1,327 43.2% 19.2% 47.3% 
2,262 23.8% 17.3% 29.4% 
1,906 31.6% 10.4% 33.3% 

37,188 22.0% 4.9% 22.5% 
39 25.0% 18.6% 31.2% 

1,430 32.0% 23.3% 39.6% 
2,791 24.0% 23.5% 33.6% 
3,881 30.0% 17.1% 34.5% 

16 25.0% 22.1% 33.4% 
130,015 

=A 18.8% 9.5% 21.5% 

Sri = 

J&g 

AU-Lines Composite *c 14.0% 6.2% 15.3% 

Independent Std Dev 

Ol =jm/(x'i)* ” 
7.5% 3.1% 8.1% 

Correlation Coejjicient 

P=(4-~)/(+-~) p 
47.1% 35.8% 42.6% 

*where “x” denotes “c”, “s’ or "t". 
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Exhibit 5 

Covariance Ctdculdion for Insurunce Affilintes 
Alternative Versions 

Case I: RBC Amount 
Parent and Sub have Consolidated 
hoportlonate RBC Group Subsidiary Parent 

Affiliate Stock (Rs) 0 1233 
Bonds @B) 1,200 4oi 800 
Resavea (RR) 3,ooo Loo0 2,ooo 
Premium CRP) 1,800 600 1200 
Total* Before Covahnce Reductio 6&Q zoo0 5333 

Ch-Adjusted Total 1 I 
=JRS+RB’+RR’+RP~ / 

3,699 1x43 2,757 

Cov-Adjusted Total 2 
=RS+dRti+RR’+RP= 3,699 L233 3,699 

Cov-Adjusted Total 3 

[Parent RRC = Consolidated REX] 3,699 v33 3,699 

Error 

0% 

0% 

Case2: RBCAmount 
Parent and Sub have Consolidated 
Nonproportionate RBC Group Subsidiary Parent 

Stock (RS) 0 0 2,475 
Boa-i& (RB) 1,200 360 840 
ReservesOW 3,m 2,100 900 
Premium (RP) 1,800 1,260 540 
Total Before Covariance Reduction 6,m 3,720 4,155 

Cov-Adjusted Total 1 I 3,699 2,475 28171 

Cov-Adjusted Total 2 3,699 2,475 3,820) 

Cov-Adjusted Total 3 I 3,699 2p75 3,6991 0% 

Error 



Exhibit 6a 

Exampk of Covariance Cakulution for Risk-Bared Capital 
Separate Treatment of Affilia RBC 

Risk Element 
Euultles excl P/C Affiliates 
F;xed Income 
Credit 
Reserves & Resv Growth 
Premium & Prem Growth 
Size (Reserve & Premium) 

Subtotal 
Square Root 

R2 
R3 
R4 
R5 
R6 
R7 

RBC 

50 

RBC 

50 
250 

50 

250 

50 
400 r--D 340 
140 : 115 a- 

10 i 10 

900 i 815 

P/C Affiliate Stock Rl 100 : 

Total 1,000 i 

A: Summary Calculation 
BaW. Adjusted 

squared 

BBC 
Adjusted 

62,500 

B: Adjusted Underwriting RBC Calculation 

Base i Adjusted 
RBC : RBC 

(1) Reserves & Resv Growth 400 ’ ---, 340 
(2) Premium & Pmm Growth 140 115 d- 

(3) Reserve Concentration 0.500 
(4) Reserve Cone Adjustment 0.8SO 

(5) Premium Concentration 0.400 
(6) Premium Cone Adjustment 0.820 

2,500 
2.500 

115,600 
-_I , 13.179 

100 

/ 196,379 
443 

Notes 

(1) Adjusted RBC = Base RBC x (4). 
(2) Adjusted RBC = Base RBC x (6). 
(3) Ratio of largest line net Loss En LAE rcscrve to total all lines ~csetvc. 

(4) Fipd8.7+ .3x (3). 

(5) Ratio of largest he net premium earned to total aU lines NPE. 
(6) Fiymls .7 + 1 x (5). 
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Exhibit 6b 

Exompk of Covariance Calculation for Risk-Based Capital 
Consolidation Method 

A: Calculation For Subsidiary sq- 
Base Adjusted Adjusted 

Risk Element RBC RBC RBC 
Equities excl P/C Affiliates R2 60 60 3,600 
Fixed lneome R3 0 0 0 
Credit R4 0 0 0 
lkscrves & Rew Growth R5 90 71 5,852 
Premium & Prem Growth R6 30 25 605 
Size (Reserve & Premium) R7 0 0 0 

Total 180 161 10.057 
Square Root 100 

Wave Cone Adjustment 0.850 
Premium Cow Adjustrrkznt 0.820 

B: Consolidated Calculation 
Base Adiustcd 

Squared 
Adiusted 

Risk Element 
Equities excl PK: Affiliates R2 

RBC* *BBC ‘RBC 
310 310 96,100 

Fied Income 
Credit 
Resmc.t & Resv Growul 
Pnmimn & Prem Growth 
Size (Reserve it Premium) 

Total 
Square Root 

Reserve Cone Adjustment 
F’rcrni~m Cbnc Adjustment 

R3 50 50 2,500 
R4 50 50 2,500 
R5 490 417 113,412 
R6 170 139 19.432 
R7 10 10 100 

u-J80 916 294,105 
542 

0.850 
0.820 

*Sum of Subsidii RBC (above) and Parent RBC (Exhibit 6a) 
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Appendix 

CORRELATION AND INDEPENDENCE OF RISK ELEMENTS 

Excerpted from 

“Risk Measurement for Property-Liability Risk-Based Capital Applications” 

by Robert P. Butsic 

1992 Casualty Actuarial Society Discussion Paper Program. 

Having demonstrated how risk-based capital for each risk element can be calculated 
separately by treating each element as a mini-insurer, we now need a way to combine the 
risk capital for the separate elements. As shown next, we cannot simply add their required 
capital amounts together unless the risk elements are highly correlated with the proper 
sign. 

A Numerical lllustmtion 

For example, suppose that we have a line of business with riskless assets and risky losses, 
which can have only two possible realizable values. The values and their probabilities are 
given below. The desired EPD (expected policyholder deficit) ratio is 1%. The risk-based 

capital needed for this degree of protection is easily calculated at $2,900: 

si* Asset Loss Claim 
Litle Amonnt Anlottttt Probability Payment Lwicit 

%?z ZmJ 7,ccm .6 .4 zoo0 6,900 100 0 

Expected value 6,900 4,ooo 3.960 40 



Now suppose that we have another line of business with an identical loss distribution, but 
directly correlated with the first: if a $2,@00 loss amount occurs for the first line, the same 
amount occurs for the second line; similarly, a $7,000 amount will occur concurrently for 
both lines. The effect of combining the two lines is the same as if we now had a single 
line hvice as large as the original single line: 

Two Correlated A.se4 lass Claim 
Lims Atnount Amount Probability Payment Deficit 

13,800 1::g .6 4mo 0 
13,sao .4 13.8cKl 200 

F.xpMed value 13.800 8,ooo 7,920 80 

Capital: 5,800 
Capital I Lass: .725 
EPD Ratio: .Ol 

Now suppose that the two lines are statistically independent: the value of the loss for one 
line does not depend on the value for the other. Then we have the following possible total 
losses with their associated probabilities: 

Amotmt ProbabiJity 

%ooo = 2$00+2$m 36 = (.6X.6) 

9wJ = ?Jnxt+7,alO .a = (.6X.4) 
or7,000+2000 + (.4X.6) 

14m = 7,wO + 7,oDo .16 = (.4X.4) 

Adding the two $2,!300 risk-based capital amounts and using the above combined losses 
and probabilities, we can determine the EPD for the total of the two lines: 
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Two Independent 
Lillls Asset Lass Claim 

Amount Amolmt Probability Payment D&it 
13.800 4mo 0.36 4,000 0 
13:KQ 9.000 0.48 9mo 0 
13,800 14000 0.16 13,800 200 

Expected value 13,800 8mo 7,968 32 

Capital: 5.800 
CapitavLoss: ,725 
EPD Ratio: .004 

Notice that the $32 expected deficit for the combined lines is less than the sum of the 
individual expected deficits ($80). This produces a 0.4% protection level, compared to 
the 1% value for the separate pieces. To reach the same 1% level as before, we need less 
capital than obtained by adding the separate amounts of risk-based capital: 

Two Independent 
LilWS Ase.t 

Amount 
13.500 

Loss 
Amount 

4.ooo 
Probability 
0.36 

Claim 
Payment 

4,ca 
Deficit 

0 

E!qeued value 

Capital 
CapitaULos 
JZPDhSS 

13.5cm 9ml 0.48 9,ooo 0 
13,500 14,Ocnl 0.16 13,500 500 

13,500 8.00 7,920 80 

5.500 
687 

.Ol 

As shown here, we only need $5,500 in capital, which is $480 less than the $5,980 
needed when the losses are correlated. The capital ratio to loss drops from .725 to 587. 

The reason for the reduced capital requirement through independence of risk elements is 

the law of large numbers. The spread of realizable values (relative to their mean) is 
reduced when independent elements are combined. The following graph depicts the 
diminishing capital needed to provide a 1% protection level for losses arising from 

independent normal exposures (having a standard deviation to mean ratio (k) of 10 for a 
single exposure): 
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Figure 1 

Capital I Loss For Independent Normal 
Exposures 

1 10 100 1,000 10,000 

Number of Exposures 

Tbis illustrates that if losses are truly independent of each other, a small line of business 
will need a relatively large amount of capital, while a larger one requires much less 
capital. In reality, however, there is a limit to the risk reduction allowed by the law of 
large numbers. The mean or other parameters of the loss distribution are rarely known 
with certainty, introducing system&c, or parameter risk affecting all exposures. Thus, an 
insurer with a very large homogeneous book of business will still be subject to 
considerable uncertainty, and consequent capital needs. 

Corrulaiion Under the Normal Disiribution 

Although the preceding numerical example illustrates the capital reduction due to 
independence of risk elements, one must be careful not to generalize regarding the degree 
of reduction.1 More robust conclusions can be reached by analyzing a continuous prob- 
ability model, such as the normal distribution. 

The normal distribution has the important property that sums of normal random variables 
are themselves normal random variables with additive means and easily-computed 

variances. For two assets (A1 and AZ), two liabilities (L.1 and I&. or an asset and a 
liability (A and t), we have 

‘For example, using a 10% EFD Ratio, the capital requirement drops to $2,000 for the single line of 
business. The combined capital need drops to $I,ooO for tbe two independent lines-less capital than for a 
single line. This effec4 is due to using a discrete probability distibution with a limiled range of outcomes. 
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Mean Variance 

Two Assets A =Al+A2 &4+4+2pb*cQ 

Two Liabilities L =L1 +&I a2 =uf +g +2pcqcQ 

Asset and Liability C = A - L d =C$ +C$ -2,,0Aar, 

Here cq and 02 denote the standard deviations of risk elements 1 and 2 (either assets or 
liabilities) and cr the total SD of combined risk elements (for assets minus liabilities, the 
SD of the capital). For the asset and liability combination, uA is the total asset SD and cq 
the total liability SD. The correlation coefficient between risk elements is p. 

With perfect positive correlation (p = 1). we haveoz at+ a for risk elements on the 

same side of the balance sheet or o= OA - Q. for assets and liabilities. With perfect 
negative correlation (p = -1). 0 = ol- o2 and U = UA + q. When the elements are 

independent,p=O,andthus cr =-and cr =mforthetwoc-. 

The formula for the EPD ratio with normally distributed combined risk elements is 
identical to that for individual elements as presented earlier: 

d = F = kcp(+ @(F). 

Here c is the capital to loss, k is the total standard deviation divided by the total expected 
loss L , D is the total expected policyholder deficit, cpe) and $+) are the respective 

standard normal density and cumulative distribution functions. The lognormal EPD ratio 
for combined risk elements is identical to the earlier formula for the separate risk 
elements. 

As indicated earlier, for the normal and lognormal distributions the relationship between 
c and k is approximately linear for a fixed EPD ratio d. Since c = 4 when k = 0 (no 
risk), we have c 5 ak - d for some constant a. Under the assumption that we desire a 

high level of protection (d less than 1% or so), we can further simplify the relationship to 

c zuk. 
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Since the total capital C equals CL. and the total SD cr equals kL, it follows that if c = ak, 
then C = akL = ocr. Therefore, the risk-based capital for the total of separate risk 

elements is proportional to their combined standard deviation. Risk capital for perfectly 
correlated items can be added (or subtracted, depending on whether the correlation is 
positive or negative or whether the items are on the same side of the balance sheet). Risk 
capital for independent (and partially correlated items) can be combined according to the 
square root of the sum of the squares of their standard deviations, plus twice the product 
of their SD’s and the correlation coefftcient.We will refer to this as the square roof rule. 

The graph below shows the relative error in using the square root rule, for two 
independent risk elements of the same size and standard deviation: 

Figure 2 

Relative Error Using Square Root Rule 
for Equal lndepmc+mt Normal Risk Ekmwnts 

0.20 

k Value 

This graph shows that the error decreases as the EPD ratio decreases and as the risk 
increases, For a reasonable (i.e., .OOl) protection level, the error is less than 10%. To 
illustrate, suppose that we have two independent lines of business each with a $1,000 
expected loss and $200 SD. For a .OOl EPD ratio, each requires $438 of capital in 
isolation. When the lines are combined, Equation (6) produces a capital ratio of .292, or 

$584 in capital when applied to the $2,000 expected total losses. The square root rule 
produces $619 = 438fl, which is about 6% more than the exact calculation2 yields. 

2Because the error in using the square mt for the normal and lognormal distributions overstates the corn-- 
binedamouotofcapitaloeeded,acloserfitcwldbehadbyusinga~higherthantwo.Foriostanoe.in 
the nornut example givea, using a 24th root C.42 powed gives au exact result. 
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A parallel calculation using the lognormal distribution shows a 15% error: the true 
required capital is $694, compared to $800 indicated by the square root rule.3 

The square root rule can be extended to incorporate more than two risk elements. The 
total capital C is a function of the individual element risk capital amounts Ci and the 

separate correlation coefficients between each pair of n risk elements (note that the sign 
of the correlation coefficient depends on which side of the balance sheet the two items 
reside): 

c = [ z, ci’ + i; PijCiCj]‘. 
itj 

Practical Application of Correlated and Independent Risk Elements 

The preceding analysis has shown the effect of correlation between risk elements. Some 
examples of balance sheet items having varying degrees of correlation are presented in 
the table below: 

Bonds 

Zen, 
w 
Real Estate 

Liability Loss Reserve/ Common Stock/ 
Property Unearned Unearned Premium 
Premium Reserve Reserve 

Negative 

common stock/ 
Put Options 

Los Reserve/ 
Income Tax Liability 

Loss Reserve.’ 
Dividend Reme 

ASS&J 
Liability 

Rqerty-Liability Stcck 
Loss Reserve 

Reinsnrance 
Recoverable/ 
Loss Reserve 

3Thc higher capital amounts are a consequence of thicker tail of this distribution, compared to the. normal 
distribntion. For the logaonnal model, the error increases with incmasing risk(k). 
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In general, reinsurance transactions create a high degree of correlation between ceding 
and assuming parties. Ownership of insurance subsidiaries (affiliates) or stock also 
produces highly correlated values. Where it is difficult to determine the numerical 
correlation between items, a practical approach would be to judgmentally peg the 
correlation at zero, 1 or -1, whichever is closest to the perceived value. 

We can demonstrate the effect of independent and correlated risk elements by 
constructing a numerical example. The table below shows risk elements from a 
hypothetical insurer’s balance sheet at market values. The capital ratios assume a .OOl 
EPD ratio and am based roughly on empirical data. 

Capital 
Amomlt Rati RBC 

stock 2oa 0.30 60 
Bonds IOCQ 0.05 50 
Affii 100 0.30 30 
LossReserve 800 0.40 320 
property~ 100 0.10 10 
Tolal 470 

The 30% stock capital factor arises from using the 16.6% standard deviation of 1946 to 
1989 armual returns from Ibbotson and Associates (1990). Based on the same source, we 
have used a 6% annual SD for bonds (the corporate bond SD is 9.8% for a 20-year 
maturity; adjusting for a more typical property-liability insurer’s duration gives a lower 

value), producing an approximate 5% capital ratio. The loss reserve capital ratio is based 
on a study of loss ratio variation by Derrig4 (1986). We have assumed that the affiliate 
stock risk is the same as for general non-insurance stock, that all the risk elements are 
lognormally distributed and that the EPD’s are discounted at an 8% riskless interest rate. 

In the loss reserve (equal to the present value of the expected payments), we have also 
included the loss expenses and the liability portion of losses arising from the unearned 
premiums. 

4Denig used a sample of Workers’ Compensation aad Private Passenger Auto loss ratios from 51 insurers 
ovex the jmiod 1976-1985 (since calendar-year losses were used, the variance should be simii to that for 
loss reaerws). The combined annual variance. was .059, which we have judgmentally reduced to .045 
reflechg a @ater variance in the. unpaid loss tail; the variance is towered when the loss is brought to 
present value. This produces a capital ratio (to the discounted loss) of about 0.40. Notice that a further 
adjustment would be needed to convert the capital factor for application to aa undimmted loss reserve: 
using an 18% reserve discount, the required sraturory surplus is (1 + .40)(1 - .18) - 1 = .15 times the 
undiaunmtedreserve. 

201 



The sum of the separate risk-based capital amounts is $470. This value assumes that all 
items are fully correlated, ignoring any independence or partial covariance between the 
items. Now assume that only the following pairs of elements are correlated: 

correlation 

Stack Bonds 
Coefficient 

0.2 
stock 
Bonds 
Bonds 
AftiIiatcs 

Affiliates 
Affiliates 
LossReserve 
Loss Reserve 

1.0 
0.2 
0.4 
-1.0 

The property UPR is independent of all other items. Notice that the bonds/reserve correla- 
tion coefficient is positive due the parallel change in value from interest rate movements; 
since these two items are on opposite sides of the balance sheet, this means that their joint 
movement will reduce total risk.5 Similarly, the negative sign of the affiliates/reserve 
correlation coefficient indicates that these opposing items will increase total risk when 

combined. 

Applying Equation (7). we have the sum of the squares of the separate risk capital 
amounts equal to 109,500. The sum of tbe cross products (each of the above pairs appears 
twice) of the capital amounts times their correlation coefficients equals 11,800. Thus the 

approximate total risk capital is $348 = J. If all the risk elements were 
independent, the total requited capital would be only $331 = m. 

The impact of the bond/reserves covariance can be found by setting the correlation coefti- 
cient to zero: here tbe total risk capital increases to $366. Thus, the effect of their correla- 
tion is to reduce required capital by $18. Similarly, if the affiliate and reserves values 

were independent, the required capital would drop by $28 to $320. 

A more sophisticated RBC calculation would divide the risk elements into additional 
categories and might include a provision for the value of future business. 

%re conutatioa metbodotogy provides a means of allowing for matching of asse4 and Iiibility durations. If 
the dtuations of fixed maturity assets and toss payments were equal, and the movements in value were due 
solely to interest rate fluctuations, then a (negative) 100% com&tion coefficient would be appropriate. 
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Abstract 

The statutory return on surplus for the insurance industry has averaged slightly over 10% 
during the 1970’s and 1980’s. Estimates of the cost of equity capital during the same period 
have averaged about 16%. 

The cost of capital and the firm’s accounting return may differ for various reasons. For 
instance, company growth may depress the statutory return on surplus in several ways. First, 
acquisition and underwriting costs are expensed when incurred, but no recognition is given to 
the “equity” in the unearned premium reserve (the “deferred acquisition costs”). If the insurer 
is growing, this equity increases over time, statutory earnings may be understated, and the 
return on surplus may be depressed. 

Second, loss and loss adjustment expenses are held at undiscounted values on the statutory 
balance sheet. If the insurer is growing, the “unrecognized interest discount” in the loss 
reserves increases over time, statutory earnings may be understated, and the return on surplus 
may be depressed. 

These two effects account for about 2.16 points of return, or slightly over a third of the 
discrepancy between the statutory return on surplus and the cost of equity capital. These 
adjustments to statutory returns allow a more accurate assessment of insurer profitability. 
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STATUTORY RETURNS ON SURPLUS 
AND THE COST OF EQUITY CAPITAL 

Insurers returns on surplus have been used to measure profitability by state regulators, 
consumer activists, and company managers. Several aspects of insurance accounting have raised 
questions about the usefulness of this measure. In particular, the industry’s statutory return 
on surplus has been consistently lower than financial estimates of the cost of equity capital, 
another measure of company profitability. 

Part of the difference stems from the interaction of company growth with two facets of statutory 
accounting: the non-recognition of the “equity” in the unearned premium reserve and the 
undiscounted estimates of loss and loss adjustment expense reserves. This paper estimates the 
effects of these two accounting practices on the reported returns on surplus. 

The discrepancy between accounting and financial estimates has implications for policy pricing. 
Some state regulators, as in California, have used historical accounting data to determine an 
allowable return on equity for insurers. These returns may be used in financial models to set 
premium rates for subsequent policy years. The use of unadjusted statutory returns may lead to 
inadequate premium rates. 

Statutory Return on Surplus 

The A. M. Best Corporation aggregates Annual Statement figures reported by each insurer into 
industry totals. The all lines combined operating margins have averaged 5.27% from 1970 
through 1990. as shown below. 

- - I - _ - - _ - - _ - - _ - _ - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Exhibit I: Operating Margins and Premium to Surplus Ratios 

Operating Prem:Surp Operating Prem:Surp Operating Prem:Surp 
Year Margin Ratio Year Margin Ratio Year Margin Ratio 

70 4.97 2.12 77 10.06% 2.49 a4 -3.14% 1.86 
71 9.25 i .a7 78 10.90 2.33 a5 -4.34 1.92 
72 9.91 1.65 79 9.18 2.15 86 3.19 i .aa 
73 7.59 1.99 a0 8.24 1.85 a7 7.06 1.86 
74 2.20 2.78 ai 7.14 1.86 88 7.96 1.71 
75 -0.67 1.52 a2 4.52 1.72 a9 4.89 1.56 
76 4.21 2.47 a3 2.47 1.67 90 5.11 I -58 

Average (1970-1990): 5.27 1.94 

The operating margin encompasses all sources of revenue, including investment income on both 
capital and policyholder supplied funds. To convert the return on sales (operating margin) to a 
return on surplus, one must multiply by the premium to surplus ratio. The ratio of written 
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premium to consolidated surplus has averaged 1.94 over this period, yielding an average return 
on surplus of lO.Z%.J 

Unearned Premium Reserve 

Proper measurement of insurance income requires a matching of revenues (e.g., premiums) 
with expenditures (e.g., losses and expenses). 

l Earned Premiums: Insurance premiums are generally booked at the inception of the policy 
period, before services have been rendered by the insurer. To match revenues and 
expenditures, premiums booked in one accounting period that provide for insurance 
coverage in a subsequent accounting period are held as “unearned premium reserves” on the 
liability side of the balance sheet. Earned premiums are the premiums booked minus the 
change in the unearned premium reserve. 

l incurred Losses: In most lines of business, losses and loss adjustment expenses are incurred 
evenly over the policy period. Incurred losses enter the income statement as the unearned 
premium liability runs off - that is, as the premium is earned. 

l Expenses: Underwriting and acquisition expenses are incurred primarily at policy 
inception, and they enter the statutory income statement at that time, before the premium is 
earned. Thus, some underwriting and acquisition expenses are double counted in the 
earnings statement at policy inception: once as expenditures and once in the unearned 
premium reserve. The reserve runs off evenly over the policy period, so these expenses are 
counted only once at the expiration date. 

GAAP and federal income tax accounting avoid this double counting of expenses. GAAP requires 
that a “deferred acquisition cost” asset be set up to amortize “costs that vary with and are 
primarily related to the acquisition of new and renewal insurance contracts” (FASEI [1982], 
$528; AICPA [1990]). The “revenue offset” provision of the 1986 federal income tax 
amendments adds 20% of the statutory unearned premium reserve to income (Gleeson and 
Lenrow [1987]; Almagro and Ghezzi [1968]). 

The treatment of underwriting and acquisition expenses in statutory statements affects the 
reported return on equity in two ways: 

1 See Best’s [1991]: Operating margins are from “% to Net Prem Earned” column of 
“Industry Operating Results” (page 124); policyholders’ surplus [consolidated] from “Major 
Contributions to Investments” (page 124); net premiums written [not consolidated] from 
“total” column of “Aggregates of the Property-Casualty Business” (page 132). Consolidation 
affects assets and surplus, but not premiums written; unconsolidated figures show lower 
premium to surplus ratios. The averages are arithmetic averages. For operating results, some 
analysts would use the geometric average, which is slightly lower: see Panning [1987]. 

GAAP financial statements, showing GAAP equity, are not published by most mutual insurers and 
privately held firms; industry aggregates are not available even for publicly traded companies. 



l Statutory surplus is generally less than GAAP equity, causing the return on surplus to be 
higher than the return on equity.2 

l The change in the “equity” in the unearned premium reserve during the accounting period 
causes statutory income to differ from GAAP income. A growing insurer has a larger 
unearned premium reserve at the end of the accounting period than at the beginning. The 
“equity” in the reserve increases, statutory income is depressed, and the return on surplus 
is lower than the return on equity. 

The net result of these two effects depends on 

l the relative sizes of policyholders’ surplus and the unearned premium reserve, and 
l the growth rate of the company (see below). 

Loss Reserve Discounting 

Statutory accounting generally uses undiscounted values for Property/Casualty loss and loss 
adjustment expense reserves.3 The IRS has used discounted loss reserves since 1987. GAAP 
accounting follows statutory practices, though the Financial Accounting Standards Board is now 
reconsidering this issue (FASB [1990]). 

Again, there are two effects on the reported return on surplus: 

l By raising liabilities, undiscounted reserves lower surplus and increase reported returns.4 

l Both statutory and GAAP income are affected by the change in the unrecognized interest 
discount in loss reserves during the accounting period. A growing insurer generally has 
larger loss reserves at the end of the accounting period than at the beginning. As the 
unrecognized interest discount in the reserve increases, statutory income is depressed. and 

2 Rosenthal [1989] estimates that average GAAP equity is 25% greater than statutory 
surplus for Property/Casualty insurers. 

3 Loss reserve discounting is permitted in statutory financial statements (1) for certain 
Medical Malpractice carriers (Yow, et al. [1990]), (2) in certain jurisdictions (e.g., 
MASSACHUSETTS INSURANCE CODE, 912, “Computation of Reserves of Liability Companies,” 
paragraph 2: “For all compensation claims under policies written more than three years prior 
to [the Statement] date, the present values at four per cent interest of the determined and the 
estimated future payment”), and (3) when permission to discount is granted by the State 
Insurance Department. 

4 Butsic [1990] estimates that discounting loss reserves raises equity by 20%. Lowe and 
Philbrick I19851 estimate that discounting reduces loss reserves by 15%, though they do not 
quantify the effect on surplus. 
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the return on surplus is lower than the return on economic net worth.5 

The Cost of Equity Capital 

Financial analysts consider the returns received by equityholders for the use of their funds. 
Accounting data, such as net income and policyholders’ surplus, are used primarily by company 
management. Market data, such as stock prices and dividends, are used by investors.6 

Two common procedures for estimating the cost of equity capital are the Dividend Growth Model 
(DGM) and the Capital Asset Pricing Model (CAPM). The Dividend Growth Model directly 
estimates the cost of equity capital, but it requires assumptions about future dividend payments. 
The CAPM relies on historical data, but its theoretical foundations are disputed by some 
analysts. 

The Dividend Growth Model 

What determines the prices of stocks. 7 The stock certificate is a piece of paper, with no 
intrinsic worth. In a free market, of course, its value is determined by the forces of supply and 
demand: what others are willing to pay for it. But this only begs the question: What determines 
how much others are willing to pay for the stock certificate? 

A stock certificate is a financial asset, like a bond. The worth of a bond is determined by the 
cash payments to the owner: semiannual coupons and the par value at maturity. At any time, the 
worth of a bond is the present value of these future cash payments. 

A stock has three differences from a bond. 

l First, the stock never matures: there are periodic dividends, but no “repayment of principal 
at maturity.” 

l Second, the dividend payments are less certain. If the firm faces financial difficulties, it 
may eliminate or reduce a dividend payment. If it earns unusually large profits one year, it 
may provide a larger dividend. 

l Third, bond coupons have fixed amounts. Stock dividends are not fixed in nominal terms, but 
generally grow with monetary inflation and with the earnings of the firm. 

If we knew the amounts of all future dividend payments, we could estimate the price of the stock 

5 “Economic net worth” denotes net worth as an economist might value a company. Kischuk 
[1986] defines “economic value” as “the present value of free cash flow, discounted using the 
company’s cost of capital. Similarly, Woll [1987] examines insurance company profitability 
with “Expected Value Accounting,” using present values of premium, loss, and expense cash 
flows. Economic net worth is closer to the market value upon which financial returns are 
evaluated than is the book value of either statutory or GAAP accounting. 

e On the cost of equity capital for insurers, see Haugen and Kronke [1971], Quirin and 
Waters [1975], Lee and Forbes [1980], and Cummins [1992]. 



as the present value of the future cash flows. The actual future dividends are uncertain, but we 
can use historical experience to forecast them. To determine present values, we must know the 
appropriate discount rate, which is the opportunity cost of equity capital. So if we know the 
current price, and we forecast future dividends, we can solve for the discount rate.7 

Forecasting future dividends is a difficult task. To simplify, assume that the firm’s earnings, 
assets, dividends, and stock price are ail increasing at a constant rate. This growth rate, in 
combination with the dividend to price ratio, determines the cost of equity capital. 

For example, suppose a firm is growing 10% per annum, its stock price increases at the same 
rate, and it pays an annual dividend at the end of each year equal to 5% of its stock price. What 
is the return to the equity holders in this firm? 

imagine an investor who buys a share of common stock for $100 on January 1, receives the 
dividend on December 31, and then sells the stock. (The $100 price is arbitrary: any price 
gives the same result.) On December 31, the stock price is $110 (10% per annum capital 
appreciation), and the dividend is $5.50. The annual return to the investor, or the cost of 
equity capital, is ($10 + $5.50) I $100, or 15.5% (Butters, et al. [1981], page 140). 

Derivation of the DGM 

in mathematical terms, let 

K be the cost of equity capital, 
D be the stockholder dividend at the end of the previous year, 
P be the stock price at the beginning of the year, and 
G be the anticipated (uniform) growth rate of stockholder dividends. 

We assumed above that ail financial characteristics of the firm, such as earnings, assets, stock 
price, and dividends, are growing at the same rate. This is the common situation, since 
dividends can not grow indefinitely if earnings do not keep pace. The mathematical derivation, 
though, needs on!y the growth raie of dividends (hence the name Dividend Growth Model). 

On January 1, the investor pays P for the stock. If the firm grows lOOG% per annum, he can 
sell the stock on December 31 for (P)(l + G). In addition, he receives the stockholder dividend 
on December 31. The dividend the previous year was D, so this year it will be (D)(l + G). The 
return to the investor, or the cost of equity capital. is 

{ (P)(l + G) + (D)(l + G) - P } / P, or 

K = (D/P) (1 + G) + G. 

A more rigorous derivation examines only future cash flows, the stockholder dividends. The 
price of the stock equals the present value of future returns. if dividends are growing at 

7 On the Dividend Growth Model, see Gordon and Shapiro [1956], Sharpe and Alexander 
]t990]. chapter 16, Weston and Copeland [1986]. 



lOOG% per annum, the future returns are D(l+G) in one year’s time, D(l+G)z another year 
later, and so forth. Discounting these at the cost of equity capital (“K”), we obtain 

P = D(l+G)I(l+K) + D(l+G)p/(l+K)* + D(l+G)3/(I+K)3 + 

Now (x + x2 + x3 + , . .) = x/(1-x) for positive x < 1. If dividends are positive, K > G, so 

P = D ( (l+G)/(l+K) } / ( 1 - ((l+G)/(l+K)] ). 

Simplifying this expression gives 

P=D(lcG)/(K-G),or 
K = (D/P) (1 + G) + G. 

Both parameters of the dividend growth model, the ratio of stockholder dividend to stock price 
(or “dividend yield”) and the anticipated dividend growth rate, are calculated or projected by 
investment firms for the major publicly traded stock companies. The dividend yield is 
generally stable from year to year. It now averages between 4% and 4.5% for Property- 
Liabi!ity insurers. 

The anticipated dividend growth rate is a subjective estimate, for which investment firms 
provide differing forecasts.* Value Line’s average projected rate for Property/Casualty 
insurers was 11% in 1989, implying a cost of equity capital of 16% [= (4.5%)(1.11) + 
1.111. 

Capital Asset Pricing Model 

The Dividend Growth Model works best in an unchanging environment: inflation remains level, 
the firm grows steadily, and the economy expands slowly. If inflation accelerates suddenly, the 
economy enters a recession, or the firm’s book of business changes rapidly, the Dividend Growth 
Model may not provide reasonable forecasts. 

Consider the effects of inflation. If inflation accelerates, and investors seek the same return in 
inflation-adjusted dollars, then the nominal cost of equity capital will rise. But so will the 
nominal costs of other financial instruments, such as the coupon rate on bonds, or the mortgage 
rate on home loans. 

Few pricing actuaries try to forecast future inflation or economic conditions. Instead. they seek 
a relationship between the cost of equity capital and some steady and accessible index. The 
Capital Asset Pricing Model (CAPM) provides such a relationship. 

s One cause of this is that the growth rate of a firm is inversely related to the dividend 
yield: “growth stocks” pay low dividends, whereas “income stocks” pay higher dividends but 
grow more slowly. The Dividend Growth Model is not suitable for an individual firm changmg 
its business strategy and operations. It is more appropriate for industry average growth rates 
and dividend yields. 
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Price Fluctuation 

The Capital Asset Pricing Model presumes that there are two types of influences on common 
stock price fluctuations. Some price changes are peculiar to the specific firm. For instance, 
the stock price for an oil company may increase if the company discovers an untapped oil 
source. Similarly, the stock price of an auto manufacturer may drop if its employees declare a 
strike. 

A second influence on the prices of individual stocks is the movement in the stock market as a 
whole. During a “bull market,” the prices of most stocks increase. The prices of some stocks 
are highly responsive to market movements: if the market as a whole goes up 12%, the prices of 
these stocks may increase 15%. The prices of other stocks are less responsive, and may 
increase only 10% during this period. 

Price fluctuations that are peculiar to individual firms are referred to as firm-specific. 
unsystematic, or diversifiable risk. Price movements that reflect overall market returns are 
termed systematic or undiversifiable risk. The Capital Asset Pricing Model hypothesizes that 

. The axpoctsd return from a ccmmon stock is related only to the stocks syetemo?ic risk: 
l The difference between the expected return from a common stock and the return on a risk- 

free security is proportional to the firm’s systematic risk; and 

l The systematic risk and the factor of proportionality are relatively constant over time.9 

Formally, the Capital Asset Pricing Model posits the following relationship: 

R = R( + f3 (Rm - Rf), 

where R is the expected return on a given stock, 
Rf is the risk free rate, such as the rate on Treasury bills, 

R, is the overall market return, and 

3 quantifies the undiversifiabie or systematic risk associated with this stock. 

The “market risk spread,” or (R,,, - Rf), has averaged about 8.6 percentage points over the past 

60 years, if Rr is the return on short term Treasury bill. to The f3 parameters, which reflect 

9 See Sharpe [1970] and Lintner 119651. Good introductions to the CAPM are Weston and 
Copeland [1986], chapters 16 and 17, Brealey and Myers (19881, chapter 9, or Cohen, 
Zinberg. and Zeikel [1982], pp. 143-241. For application of these concepts to insurance 
returns, see Williams [1983] and Cooper [1974]. 

10 This figure uses the arithmetic average of the difference between stock returns and the 
return on Treasury bills. The averages from 1926 to 1986 are 12.12% for stock returns and 
3.51% for T-Bills, for a difference of 8.61% (Sharpe and Alexander [1990], pages 5-6). 
Other analysts, such as Cox and Griepengrog (19881 and Quirin and Waters [1975], use 
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systematic risk, are estimated from historical data, and have averaged about unity for most 
Property/Liability insurers. 

In sum, the Capital Assets Pricing Model estimates that the cost of equity capital for 
Property/Liability insurers is about 8.6 percentage points higher than the return on Treasury 
bills. The Treasury bill returns are readily available, and they closely track monetary 
inflation, economic prosperity, and other external conditions that affect the cost of capital. 

Return on Surplus and the Cost of Equity Capital 

For 1970 through 1990, the return on Treasury bills averaged between 7.5% and 8%, 
implying a cost of equity capital of about 16% considerably higher than the statutory return on 
surplus of 10%. Insurers have argued that a 16% return on equity is needed to attract equity 
capital. Critics of the insurance industry have retorted that statutory experience shows 10% to 
be a reasonable return on surplus.1 1 

During individual years, accounting returns on surplus are influenced by movements in 
underwriting cycles, reserve strengthening or weakening, and (for some definitions) the 
rea!ize!ion of capital gains and losses. Financial returns are affected by interest rate 
fluctuations and stock market changes. In the short run, the insurer’s accounting return will 
diverge from the investor’s financial return. 

But of accounting returns are consistently lower than the opportunity cost of capital, as the 
historical experience implies, equityholders might withdraw their funds from the insurance 
industry and invest them elsewhere (Balcarek [1968]; Plotkin [1967]). Yet the opposite has 
occurred: despite low returns and unfavorable regulation in many states, the industry raised 
$32 billion in public stock and bond offerings from January 1985 through June 1987 
(Matison [1987]). 

Company Growth and Investment Income 

Accounting statements combine investment income from past writings with underwriting 
income from the present book of business. If the company’s growth exceeds its investment 

geometric averages, not arithmetic averages. The geometric averages are 9.98% for stock 
returns and 3.45% for T-Bills, for a difference of 6.53%. See lbbotson and Sinquefield 
[1982], pages 57-61, for further discussion of when to use each type of average. 

11 See, for example, NAIC [1984], who infer from the low returns manifest in accounting 
statements that insurance is a low risk industry: “The property/casualty industry earned a 
below-average rate of return for most years since 1929. . [This is] inconsistent with claims 
that the property/casualty industry is of above-average risk. . it seems valid to point to the 
historical returns as evidence of the industry’s relative risk.” Similarly, upon reviewing these 
historical returns for 1973 through 1987, the California Department of Insurance decided that 
for implementing the rate rollback provisions of Proposition 103, 11.2% was an appropriate 
return on surplus. 
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yield, then investment income from past writings is less than the expected investment income 
from the present book. The effect on operating margins is the product of three terms: 

where 

(G - Y 1 (‘0 W) 

G = the growth rate in invested assets derived from insurance operations, 
Y = the after tax investment yield (including capital gains and losses), and 
K = the lag between premium collection and loss payment, or the “funds generating factor” 

(Kahane [1978]; Fairley [1979]). 

One may use annual growth in premiums written, assets, or reserves to estimate the growth 
rate (“G”). Premium volume changes are distorted by underwriting cycle fluctuations and 
different growth patterns in losses and expenses (only the former correspond to invested 
assets). Loss reserve changes are influenced by industry wide strengthening and weakening. 
Asset changes ate influenced by paid in capital, stock offerings, and capital market fluctuations. 

The 1970-1990 annual growth rates in these three indices are 10.0% for premiums written, 
12.3% for assets, and 14.3% for reserves. We select !2% as an average growth rate.12 

The expected after tax investment yield is difficult to ascertain because of the large capital gains 
in the mid to late 1980’s stock market and the federal income tax revisions in 1986. During 
1985-1988, for instance, insurers showed an average investment yield of 7.0% and an average 
investment gain (realized capital gains, unrealized capital gains, and other gains) of 2.2%, for 
a total pretax return of 9.2% (Best’s [1990], pages 51, 59). The economic prosperity and the 
stock market growth during these years contributed to this high return, Current yields are 
lower. though this reflects the recession and the low interest rates of the early 1990’s. We 
select 6% as the long-term average after tax return. 

The value of K is increasing as the percent of business in the long-tailed commercial liability 
lines grows. We select 2.5 for the value of K.13 

Thus, Y = 6%, (G - Y) = 6%, K = 2.5, and the product of these three terms is 0.9%. This 
product may be interpreted as follows: investment income received now is derived from 
premiums collected two and a half years ago. Since there is a 6% difference (G - Y) between 

12 The loss reserve growth rate reflects the lengthening payment lags in addition to growth 
in incurred losses. Asset growth was particularly high from 1984 to 1989 (13.8% per 
annum) reflecting stock and bond returns in addition to premium growth. 

1s This is Noris’s [1985] estimate of the 1983 liability duration for an insurance portfolio 
of Automobile Liability, Automobile Physical Damage, Workers’ Compensation, Multi-Peril, 
and General Liability. weighted in.the same proportion as the overall industry portfolio. The lag 
between premium collection and loss occurrence lengthens this figure. The inclusion of the 
property lines of business and the effects of cash flow and installment premium payment plans 
shortens this lag. See also Woll [1987]. 
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. the growth in invested assets due to growth in reserves and premium volume, and 
l the growth in invested assets due to after tax compounding of the investment yield, 

the expected investment income stems from an asset base 15% greater (= 6% x 2.5) than the 
asset base that produced the investment returns in the current year. With an investment yield 
of 6% per annum (Y), one must add 15% x 6% to the actual investment income to derive 
expected investment income from current operations.14 

An Illustration 

A simple illustration should clarify this phenomenon. Choose Y = 5%, G = 15%, and K = 2 
years. Moreover, suppose that 

l premiums are collected and losses are paid on July 1 of each year, 
l premiums are $1 million on July 1, 1990, 
l losses are paid two years after the receipt of premiums, and 
l there are no expenses or taxes. 

To simplify, we use cash basis accounting for investment returns with annual dividends or 
coupons. 

In 1990, $1 million of premium is collected and the appropriate unearned premium and loss 
reserves are set up. No expenses are incurred, so the $1 million is invested at 5% per annum 
to yield $50,000 in 1991 and $52,500 in 1992, when the claims are paid. 

In 1991, premiums are $1.15 million. The investment income received from these assets in 
1992 is $57,500. In 1992, premiums are $1322,500, though no investment income on 

, these assets is received until 1993. 

14 I am indebted to Robert Butsic for pointing out this phenomenon to me, and to Len 
Gershun and Gabriel Baracat for explaining its relationship to the difference between the growth 
rate and the rate of return (Butsic [1990], as well as Bingham [1992]). Similarly, Cummins 
and Chang (19831. pages 561-564, note that when the company growth rate exceeds the 
investment return, an accounting model may overstate the expected investment return. 
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-~-----_-~__--_---_~~~~----~----------~~~~~~~~~~~~------~--~----~- 
Exhibit 2: Company Growth and Investment Income ($000) 

1990 1991 1992 1993 1994 

Premium written 1,000.0 1,150.o 1,322.5 

Investment income: on ‘90 premium 0 50.0 52.5 0 0 
on ‘91 premium 0 0 57.5 60.4 0 
on ‘92 premium 0 0 0 66.1 69.4 

Total investment income received 110.0 
Present value of future investment income - 126.0 
-----__------__-_------------------------------------------------- 

The present value of the investment income to be received in future years on the assets derived 
from 1992 premiums is 

(Assets x 0.05) I (1.05) + (Assets x 1.05 x 0.05)/(1.05 x 1.05). 

For assets of $1,322,500, this present value is $125,952. The actual investment income 
received in 1992 is $110,000, for a difference of $15,952, or 1.2% of premium. The 
estimate provided by (G - Y ) (Y) (K) is (0.15 - 0.05)(0.05)(2) = 1%.16 

Company Growth and the Unearned Premium Reserve 

Business growth also increases the “equity” in the unearned premium reserve. [The “equity” is 
the deferred underwriting and acquisition expenses incurred and paid at policy inception and 
still unamortized on GAAP balance sheets.] Since deferred acquisition costs may not be 
capitalized in statutory financial statements (that is, the “equity” is not recognized), the 
increase in the equity is double counted in the income statement: once as an expense and once as a 
reserve addition. The effect on the operating ratio equals the ratio of the increase in the equity 
to earned premium, or 

Chana8 in Eauitv = lGrowth Rate)tUnearned Prem Reserve) x fEauitvl 
Earned Premium (Earned Premium) (Unearned Premium Reserve) 

For 1970 through 1990, premiums have been growing at about 10% per annum. The ratio of 
unearned premium reserves to earned premium for all lines combined has been about 35.4% 
for 1977 through 1990, as shown in Exhibit 3. Before 1987, the ratio was about 40%; the 

1s The cash basis accounting used to simplify the example slightly overstates the 
discrepancy between actual and expected investment income. 
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decrease since then is due to the 1986 Federal Income Tax amendments.ta 

------------------------------------------------------------------ 
Exhibit 3: Earned Premium and Unearned Premium Reserves ($000,000) 

Year 
Unearned Premium Earned 

Reserve Premium Ratio 

1978 31,367 78,738 39.8% 
1979 34,561 86,917 39.8 
1980 36,391 86,917 41.9 
1981 38,194 97,465 39.2 
1982 40,187 102,005 39.4 
1983 42,303 107,224 39.5 
1984 45,832 115,010 39.9 
1985 56,850 133,342 42.6 
1986 67,374 166,381 40.5 
1987 72,302 188,989 38.3 
1988 76,831 199,978 38.4 
1989 79,941 206,669 38.7 
1990 82,561 215.953 38.2 

Average 39.8% 

A rough estimate of the equity in the unearned premium reserve may be derived from Insurance 
Expense Exhibit data. Some expenses, such as commission, other acquisition expenses, and state 
premium taxes, are incurred when the policy is written. Other expenses, such as underwriting 
and administrative costs, are incurred partly when the policy is written and partly when the 
coverage is in force. The statutory procedure for estimating the equity in the unearned 
premium reserve, as described in the notes to the Insurance Expenses Exhibit, uses the ratio 

commissron + other acau' 1s1t10n exmnses + taxes. licenses. 8 fees + (0.5Xoeneral exoensea 
writlen pre,nium 

Industry expense data for 1990 provides the following figures in millions of dollars (Best’s 

1s The ratio of unearned premium reserves to earned premium is available from Annual 
Statement data as page 3, line 9 divided by page 4, line 1. Until 1987, the full unearned 
premium reserve was an offset to taxable income. Since the timing of premium bookings had no 
effect on federal income taxes, many insurers even booked advance premiums, with an offsetting 
entry to unearned premium reserves. The revenue offset provision of the 1986 tax 
amendments allows only 80% of unearned premium reserves as an offset to taxable income. 
Booking premium more quickly increases federal income taxes. Insurers now avoid booking 
advance premiums, and they are shifting to premium payment plans and policy terms that allow 
later booking of written premium. For statutory accounting practices on the recording of 
certain premiums when billed or collected, see the minutes of the NAIC Emerging Issues (EX4) 
Working Group of June 4, 1990, and December 3, 1990. 
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[1991], pages 90-91, column 34, lines 2, 5, 6, 7, and 8: 

24.598 + 12.994 + 6.972 + (0.5)(12.267) = 23.3% 
217,825 

The effect on statutory operating ratios caused by the double counting of acquisition expenses is 

(0.100) (0.398) (0.233) = 0.93%.’ 7 

The combined effect of company growth on premium and loss reserves is 1.83 points of 
operating ratio. With a premium to surplus ratio of 1.94, this is 3.55 points of the return on 
surplus. 

As noted earlier, the valuation of loss reserves at undiscounted amounts and the expensing of 
underwriting and acquisition costs when they are incurred decrease statutory surplus and raise 
the reported return on surplus. Loss reserve adequacy has the opposite effect. Lowe and 
Philbrick [1985] suggest that insurers implicitly discount their reserves, since they estimate 
an aggregate industry reserve deficiency about equal to the unrecognized interest discount.ls 
‘Loss 1’esorve discounting and reserve adequacy have opposite effects on !he difference between 
the accounting return on surplus and the cost of equity capital. 

17 NAIC [1984], Exhibits 8-5, 8-5, and A.8-3. show an average increase in prepaid 
expenses as a percentage of earned premiums of 0.7% for 1962 through 1981. Anderson 
[1972] models the effects of business growth on statutory earnings statements and concludes 
that “the prepaid acquisition expense adjustment can have a very significant effect on net income 
. . especially . during periods of rapid growth and for firms issuing policies with longer 
durations” (page 207). See particularly the “Percent Return on Net Worth” columns in his 
Table 5 on page 209. Anderson uses an after-tax investment return of about 2%: his financial 
portfolio is two thirds bonds and one third stocks: three quarters of the bonds are tax exempt; 
and yields are 2% per annum for bond interest, 2% for stock dividends, and 3% for stock 
capital gains. For policies with annual terms (Anderson’s “liability” rows), an increase in 
company growth from 5% per annum to 10% per annum has no effect on the “adjusted” return 
on net worth, but it reduces the statutory return on net worth from 6.01% to 5.56%. This 
difference is caused primarily by the change in the equity in the unearned premium reserve and 
to a lessor extent by the recording of reserves at undiscounted values. (See Anderson’s Table 4 
on page 208, columns “Prepaid Acquisition Expenses Adjustment” and “Excess Loss Reserve 
Adjustment.“) Anderson also estimates the effect of not including unrealized capital gains and 
losses in the statutory earnings statement; see the “Unrealized Stock Appreciation Adjustment” 
in his Table 4 and the “Total Basis Percent Return on Net Worth” in his Table 5. The fluctuating 
stock market movements in the 1980’s and the varying company strategies on realization of 
capital gains make these effects difficult to model. 

1s Lowe and Philbrick were writing at the nadir of the underwriting cycle, when industry 
loss reserves are weak. However, Cholnoky and Cohen [1989] and IS0 [I9891 find similar 
reserve deficiencies at year end 1988, the apex of the cycle. 
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The non-recognition of the equity in the unearned premium reserve lowers statutory surplus. 
In 1990. the industry reported unearned premium reserves of $82,561 million and 
policyholders’ surplus of $138,401 million. The IEE estimate of the equity in the unearned 
premium reserve (23.3%) is $19,237 million, or 13.9% of surplus. Thus, the statutory 
return on surplus is understated by 2.16 points (= 3.55 - 1.39). 

Other Factors 

Company growth accounts for only a part of the disparity between accounting returns on surplus 
and estimates of the cost of capital. Several other items affect the statutory return on surplus. 

1. Mutual and Stock Carriers The industry wide operating returns include both mutual and 
stock company experience, whereas the cost of capital estimates use only publicly traded stock 
company data. Differences between mutual and stock companies in (a) premium to surplus 
ratios, (b) operating profitability, and (c) dividends to policyholders affect the comparability 
of the accounting returns with the cost of capital estimates. 

(a) Premium to Surplus Ratios: The premium to surplus ratio for stock companies was lower 
than the corresponding ratio for mutuals from 1969 to 1982, higher from 1983 to 1988, and 
lower from 1989 to 1990.19 Using stock company figures would not give a substantially 
different accounting return on surplus. 

(b) Operating Profitability: Stock companies have shown poorer underwriting performance 
than mutuals or reciprocals during the past 10 years. The 1981 to 1990 all lines 
underwriting ratios were -9.4% for stock companies, -7.0% for mutuals, and -5.5% for 
reciprocals.20 If stock company figures are used for the accounting return on surplus, the 
average is slightly lower, increasing the disparity with the financial cost of capital. 

(c) Policyholder Dividends: Most mutuals provide larger policyholder dividends than stock 
companies do. In 1990, the ratio of policyholder dividends to premiums earned was 0.9% for 
stock companies and 1.2% for mutuals (Best’s [1991], pages 5 and 7). Mutuals are owned by 
their policyholders, so the policyholder dividend of a mutual is similar to the combined 

19 The 1990 ratios of net premium written to policyholders’ surplus were 1.208 for stock 
companies, 1.290 for mutuals, 1.685 for reciprocals, 0.707 for Lloyds organizations, and 
1.264 for all insurers combined. These ratios use unconsolidated surplus figures, with no 
eliminations for interownership, and therefore differ from the 1.95 premium to surplus ratio 
cited above; see Best’s (19911, page 132. A more thorough analysis would examine the 
premium to surplus ratios for major insurers, some of whom (e.g., State Farm) have unusually 
high or low ratios. 

20 Bests [t991], pages 141, 145, and 147. A more careful analysis would examine the 
underwriting ratios by line of business, since mutual company insurance portfolios are 
weighted toward the Personal Lines, which produce less investment income, whereas stock 
company insurance portfolios are weighted toward the Commercial Lines, which produce more 
investment income: see Roth [1992]. pages 457-458. 
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policyholder and stockholder dividends of a stock company. 21 Using stock company dividend 
experience would raise the accounting return on surplus by about 1 percentage point. 

2. Unrealized capital gains: Unrealized capital gains and losses are a direct charge or 
addition to surplus; they do not pass through the statutory earnings statement. This treatment 
generally depresses the statutory return on surplus when business volume is growing or when 
the industry’s financial portfolio is shifting to common stocks. The lack of a deferred tax 
liability for the unrealized gains in statutory financial statements partially offsets this. (GAAP 
equity incorporates the deferred tax liability: see Berthoud [1988].) The combined effect 
depends on the growth rate of unrealized capital gains and the relation between realized and 
unrealized gains. If unrealized gains are stable from year to year and are offset by realized 
capital gains, the earnings statement is not significantly affected by inclusion or exclusion of 
unrealized gains, whereas the surplus account is depressed by the exclusion of the deferred tax 
liability. Conversely, if unrealized gains are increasing rapidly enough from year to year, the 
effect on the earnings statement is greater than the effect on surplus.22 

3. Amortized bond values: Statutory accounting uses amortized values for bonds in good 
standing, raising their values above market during periods of increasing interest rates. This 
effect was great in the 1970’s and ser!y 1980’s, though ir has subsided in recent years, as 
interest rates have become more stable and as old bonds mature. 

Amortization of bonds affects both reported earnings and surplus. As interest rates rise, the 
market value of bonds declines (Bierwag. Kaufman, and Toevs [19&X3]). Statutory accounting, 
which uses amortized values for bonds, shows no effect on either earnings or surplus. Market 
value accounting shows an earnings loss and a decline in surplus. The earnings loss reduces the 
reported return, and the decline in surplus increases the reported return. Unless there is a 
continual increase or decrease in interest rates, however, these effects are temporary. 

Conclusion 

The reported return on surplus of 10% is understated because of the interaction of company 
g:cwth with statutory accounting practices. The 2.2% adjustment for growth, along with other 
needed adjustments (e.g., policyholder dividends, valuation of bonds), allows a more accurate 
assessment of accounting returns. 

21 Cf. the federal income tax procedure of dividing mutual life insurance company dividends 
between “policyholders as owners” and “policyholders as customers’ (Saunders [1989]). On 
the “ownership” of mutual insurance companies, see Leckie [1979] and Trowbridge. Leckie. 
Margolin, and Roberts [1979]. 

22 NAIC [1984] calculates a 20-year average (1963-1982) of unrealized capital gains 
and losses as a percentage of mean total assets of 0.07%. with wide fluctuations from year to 
year; see Exhibit 6-4. Roth [1992] calculates the return on surplus as (the change in 
statutory surplus, plus stockholder dividends, less paid-in capital) divided by (beginning 
surplus), thereby avoiding the statutory income statement. This includes unrealized capital 
gains and losses, and Roth shows larger returns for the 1980’s than shown in Exhibit 1 above. 
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This paper does not address the normative issues, such as: What is an appropriate return for 
insurers? Are insurers over- or under-earning? Should government agencies regulate 
insurers’ profitability? In the past, the discrepancies between the accounting and financial 
rates of return have hampered objective consideration of these normative issues. Once the 
insurance industry’s historical return has been properly quantified, these questions can be 
more fully examined. 
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Discussion by Howard C. Mahler 

"The Competitive Market Equilibrium Risk 

Load Formula for Increased Limits Ratemakinq" 

Yet another fine paper by Glenn Meyers will appear in PCAS 1991. In it Glenn 

derives a formula for risk loadings per (expected) occurrence; the risk loading R 

is proportional to the (partial) derivitative of the Variance with respect to the 

number of occurrences n. 

R o a Variance 
an 

This result follows directly from his assumption that each insurer will 

maximize its collected risk load subject to a constraint on the total variance of 

its book of business.] 

Maximize Rn subject to the constraint: 

Variance = Aa 

The solution2 via the method of Lagrange multipliers is: 

a (Rn - AVariance t xAZ), g 
an 

R = x a Variance 
an 

R LI a Variance 
an 

1If some other type of constraint were chosen which depended on something 
other than the total variance (or standard deviation), a different formula for the 
risk load would follow. 

2The author shows that one can average the (expected) number of occurrences n 
over the insurers writing the given line/limit combination. The author refers to 
this average as ti. 

2% 



The author breaks the variance into two pieces, process risk and parameter 

risk. As is usual, the process risk varies with n, while the parameter risk 

varies with n'J. In the author's matrix notation: 

Variance = nTU + nTVn 

The first term quantifies process risk, while the second term quantifies parameter 

risk. Therefore, 

a Variance = U + 2Vn 
an 

Therefore, 

R o U + 2Vn 

which is the author's equation 5.6. 

It should be noted that this differs from the usual variance based risk 

loadings. First, it considers parameter variance as well as process variance. 

Second, the parameter variance enters multiplied by n, a measure of size.3,4 One 

still has to select the proportionality constant for the risk load. The author 

suggests looking at average risk loads in the insurance market. 

The ideas in this 

I.S.0 Increased Limits 

discussed at the March 

In any case, this 

risk loads. 

paper are being applied by Glenn in the calculation of 

Factors. 

1992 CAS 

paper is 

This has stirred up some controversy, which was 

Seminar on Ratemaking. 

a very significant step forward in the theory of 

3These two features are analogous to those found in the computation of 
credibilities. See for examole. the discussion of parameter uncertaintv in 
H.C. Mahler, Discussion of G:G.'Meyers, "An Analysis of Experience Rating", 
&& LXXIII, 1987. 

4The proposed risk loading does not depend on the size of the particular 
insurer, (It does depend on the average amount of the particular line/limit 
combination written by all insurers.) 
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Consistency of Risk Loaded Premiums 

BY John M. Cozzolino, Ph.D. 

Director 

Underwriting Education Institute 

The Lubin Schools 

Pace University 

ABSTRKT 

The meaning of consistency of increased limit factors (ILF) is 

reconsidered and a new test of the consistency condition is 

proposed. It is shown that the three major measures of risk 

satisfy the new consistency test with no restrictions. The 

problems of specifying consistent risk-loaded rates for high limits 

are discussed and a revised subtraction formula is given for the 

case where risk is measured by the certainty equivalent of an 

exponential utility function. Risk “profile” curves are suggested 

as a method to emphasize the objective aspects of risk load. A new 

practical meaning is suggested for the old consistency condition. 

John M. Cozzolino is Director of The Underwriting Education 

Institute and Associate Professor of Management at Pace University. 
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INTRODUCTION 

The paper begins with the statement of two different types of 

consistency which are discussed in the literatures of utility 

theory and the literature of layer pricing, as discussed in [21 by 

Miccolis. The meaning of the consistency test is reconsidered and 

a new test is proposed . The new consistency test is shown not to 

impose any limitations upon either utility, variance or standard 

deviation as measures of risk. It is suggested that the error in 

the old consistency test is caused by the assumption that the rate 

for a excess layer can be found by subtraction of the corresponding 

two rates for ground-up covers. This subtraction rule is a problem 

for risk-loaded rates but not for expected value rates. Miccolis 

showed the rate reduction due to layer splitting. It is shown 

similarly here for exponential utility. 

The next part of the paper provides a new formula for the premium 

of an excess layer when the measure of risk employed is Risk 

Ad justed Cost. The paper suggests that the old test for 

consistency is useful for detecting cases where the layer being 

tested ought to be split so that a lower pricing can be achieved. 

Finally, the paper provides a formal proof in appendix I of the new 

formula. It gives a separate discussion of the application of the 

exponential utility functions in appendix II. The last part, 

appendix III. is a lengthy illustration of the us8 of the 
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exponential utility functions and a comparison with the variance 

measure of risk shown by Miccolis. 

Having provided a complete road map for the parts of the paper, I 

now add one point which helps complete the connection. The 

research began with the goal of applying utility to the task of 

calculating risk loads. Consistency was realized to be a 

roadblock. Therefore the formal content of the paper begins with 

consistency. 

THE CONCEPT OF RISK LOAD 

The uncertainty in the cost of insurance is its distinctive 

feature. Furthermore, different insurance products have different 

degrees of cost uncertainty, and therefore different degrees of 

risk to the insurer _ In particular, policies with different upper 

limits of insurance coverage have very different degrees of risk in 

spite of their similarity in the type of risk. One idea of a risk 

load can be expressed as that amount which when added to the pure 

premium of each policy makes a risk averse insur ante company 

indifferent between the alternatives which the buyer might select. 

Another, perhaps more fundamental purpose for the risk load is to 

create an “adequate” rate which holds the chance of insolvency down 

to an acceptable level . If the business of insurance had to exist 

on only expected value rates, the nature of the business would be 

much like gambling, where the outcomes are prone to runs of both 

good and bad luck _ Management skills would matter little compared 
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to the role of luck. A risk-load improves the chance of solvency 

by giving a positive expected growth rate to the surplus, which is 

the cushion against insolvency. 

CONSISTENCY 

There are two kinds of consistency, whose discussion would 

logically fit within this topic; the consistency of Increased 

Limits Factors ( ILF’s) and the consistency of choice under 

uncertainty are both relevant. The first is defined in the paper 

by Miccolis [2] . The second is in the literature of Utility 

Theory. 

Consistency of risk loads amens lines 

Some would say that the risk load for automobile liability ought to 

be less than the risk-load for products liability. Such 

comparisons are based upon intuition about which things are more 

risky than others. Utility theory, a structure based upon axioms 

of consistency, is designed to give consistency of rankings by 

risk. Variance, as a measure of risk, may not give this kind of 

consistency and standard deviation also could fail in some 

situations. Among these later two risk load choices, variance is 

more likely to give this kind of consistency because it has a 

closer relationship to a utility function than does standard 

deviation. Pratt [3] shows that variance is the first order 

approximation to certainty equivalent when variance is small. 

233 



Page 4 

Consistency of increased limits factors 

Risk loads, as discussed by Miccolis in his 1977 PCAS paper CZI , 

and by Sheldon Rosenberg in his review of that paper, is the 

subject of our interest here. All risk load methods, including 

utility, variance , and standard deviation, can be inconsistent, but 

it happens less often for standard deviation. Standard deviation 

increases less rapidly as a function of loss size than does the 

variance which is the expectation of loss size squared. Therefore 

one would expect this statement is true also for policy limit which 

is the top loss size in the expectation integral. One purpose of 

this paper is to question wherein it is wrong for a rating bureau 

to publish rates which are inconsistent. What was the original 

motivation for the concern with consistency and what role does it 

play today? An example from the Rosenberg discussion of the 

Miccolis paper is presented next. All policies in this example 

have a $250,000 aggregate limit. 

The table giving “Increased Limits Factors’ for various per 

occurrence limits follows: 

TABLE 1 
__--__---_---_---_--------.~~ 

;P.O. LIMIT* ILF , , 
----------------------------: 

925,000 2.00 : 
s50.000 2.25 : 

SlOO ,000 2.80 i 
$250,000 3.20 ; 

I___-___-___-___-____________I 

* DENOTES PER OCCURRENCE LIMIT 

The test for inconsistency examines the ratio of the differences in 

ILFs to the differences in limits. It shows that the ratio based 
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upon the change from the 825,000 to the 350,000 limits is .01. 

This is computed as the ratio of (2.25-2.00) to the difference 

(50-25). The scale factor change of leaving off the factor of one 

thousand in the premium figures does not matter if done 

consistently. 4 similar calculation also shows that the 

corresponding ratio based upon the change from the $50,000 to the 

S100.000 limits is .Oll. This is the ratio of (2.80-2.25) to 

(100-50). Such an increase in the ratio identifies the condition 

of inconsistency. While this test is simple, the meaning is not so 

clear. It is not clear why this ratio ought to be declining. One 

possible motivation is to think of the premium difference as the 

price of coverage for the layer going from the lower limit to the 

higher limit. Per haps it is testing the condition that the price 

per unit of coverage declines as the layer is moved up the loss 

size scale. Where this motivation would be wrong is that the 

proper price of a layer of coverage is not the difference in 

premiums. when the premiums include a risk-load. One purpose of 

this paper is to revisit this idea of inconsistency and to suggest 

that it is no longer relevant. 

It will be shown that a new statement of the condition of 

consistency is almost always true for rates which are calculated 

based upon a probability distribution. This paper does suggest an 

important warning to those who base rates for excess layers upon 

differences computed from tables of risk-loaded increased limits 

factors. I suggest that the reason behind inconsistency is half 
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forgotten, and no longer relevant. Miccolis gives an example of 

inconsistencies on page 33. He wrote “The marginal premium per 

$1000 of coverage should decrease as the limit of coverage 

increases. If not, this implies negative probabilities.” Miccolis 

shows that consistency is a property obeyed by expected value 

premiums; he does not claim that it is a property of risk-load 

based premiums. Apparently, consistency is a test of whether the 

increased limits factors are based upon the use of a probability 

distribution. If the risk-loaded premium would necessarily obey 

the consistency test, then Miccolis would likely have shown it! 

His work on the risk reduction due to layering suggests that an 

inequality condition exists instead. This will be discussed later. 

THE NEW CONSISTENCY TEST 

What ought to be true is that the cost of a layer be a decreasing 

function of its starting (attachment) point. A higher layer ought 

not cost more than a lower layer when both have the same width. 

This will be shown to be true for any probability distribution and 

for any utility function of loss. If true, for a layer of any 

fixed size, then the price of the layer per unit of coverage will 

also decline because the division by size of the layer merely 

scales the function. The reason that this is so generally true is 

that the insurer pays something (all or part) for all losses above 

the attachment point. The higher the attachment point, the fewer 

losses get that high. Miccolis states essentially the same thing 

at the top of page 34. The sentence “Aside from the mathematical 
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interpretation of this consistency test, it has a very practical 

meaning. In general, it does not make sense to the insurance buyer 

to have to pay more for each additional 31000 of coverage since the 

probability of losses larger than some limit should be less than 

for a lower limit." 

PROOF OF THE NEW CONSISTENCY 

Let’s begin with the basic formulas for expected loss, risk 

ad justed cost, and the variance (actually the second moment) for 

the case where the frequency is assumed to follow the Poisson 

distribution. The symbol F represents frequency; it is the 

parameter of the Poisson distribution, and is also the mean number 

of claims. Here the f(x) is the density function for the severity 

distribution. F(x) is the integral of the density, called the 

cumulative distribution function. Let U(X) be an increasing 

function of the individual loss size x. Consider a layer which 

starts at an attachment point "a", and has size ” h ” . The largest 

1 oss completely covered is of size (a+h). Let U(x) be an 

increasing function of the individual loss size x. The expected 

value of U(X) will be denoted EU. It is found as: 
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The first integral is just F(a). It represents all the cases of 

individual loss where the loss is less than the attachment point. 

The second integral counts all loss cases within the insured layer, 

and the third integral counts losses above the limit. The 

expression for EU is a function of the attachment point, a, and the 

layer width, h. Those variables also appear in the limits of the 

three integrals, as well as in the integrand of the middle 

integral. We are interested in the derivative of the function EU 

with respect to the attachment point a. The result is: 

aEU(eOaTh’ s - ‘“u* Cx-a]f(x]dx aa I u 

From the formula for the derivative of definite integrals, one 

finds that all the terms coming from derivatives of the limits of 

integration happen to cancel each other. The remaining term, as 

shown above is the integral of the derivative of the former 

integrand. The negative sign in front results from the derivative 

of the argument of the function evaluated at (x-a) with respect to 

a. The U prime ( U’(x) ) stands for the derivative of the function 

U with respect to its argument. If and only if this derivative is 

positive, then the derivative of the function EU with respect to a 

is negative, and this is so for all positive values of h. To 

interpret this result, consider first the case where the function 

U(x) is just x itself. 
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a*h 
EL E FIN I Cx-alflxldx +hCl-FCaAhl) (3) 

a 
The expicted aggregate loss from this layer ii equation (3). When 

the function U(x) is the exponential function exp( rx ), then the 

Risk Adjusted Cost, which is the risk loaded Premium based upon 

exponential utility with risk aversion level r, is given by the 

R!X(a,a+h) = (F/rIx 

Its derivative with respect to a is a negative quantity, as shown 

in (5). 

s, 
a+h 

aa 
-F* I a '"c"-a~af<x)dx 

1. 1 (5) 

Thus the result is that the risk loaded premium for the layer is a 

decreasing function of the attachment point, a, for any positive 

value of h. The u new II consistency is true for all exponential 

utility functions regardless of the degree of positive risk 

aversion. With regard to variance as a measure of risk, it is well 

known that for Poisson frequency, the variance of the aggregate 

loss distribution is equivalent to the expected frequency 

multiplied bythe second noncentral moment of the severity 

distribution. When the function U(x) is x squared, the result is: 

4 

+h 
VAR(a,a*h) = Fx (x-a12f (xl dx * h2xIl-F(a+h)l 

I 
(6) 

a 
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This function also fits into the pattern of the first two cases and 

will have a negative first derivative. Thus we can conclude that 

the premium for an excess layer, which contains a risk load based 

upon variance or upon exponential utility with non-negative risk 

aversion, is a deer easing function of its attachment point 

regardless of the size of the width of the layer, h. Therefore, the 

“new” consistency holds, with no restrictive conditions, for both 

variance and for exponential utility. The condition is likely to 

be true also for other utility functions and for the standard 

deviation. The only condition upon the function is that it be an 

increasing function; this is also required of a function for it to 

be a utility function. However, the starting point for this proof, 

equation ( 1 ), which is essentially the expected utility on a per 

occurrence basis, while true for exponential utility and for 

variance, may not be true for other utility functions. Equation 

(8) is the real starting point. Apparently all of these possible 

bases for risk load will give premiums which have decreasing 

premium per unit of coverage as the attachment point is moved up 

the loss size scale. 

CONCLUSIONS ABOUT CONSISTENCY 

The result of this analysis so far is the conclusion that the old 

definition of consistency is flawed in the way it has been applied. 

In the case of risk-loaded premiums for excess layers, it must be 

replaced by the new definition and the new test for consistency. 

Perhaps the old consistency should be forgotten because its reason 

for existence is wrong when the pricing includes a risk-load. Its 
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practical meaning to many is just that the premium increases “too 

fast” as a function of the limit. It survives, giving the 

appearance of precision, but serving only as a vague condition for 

the expression of ‘too fast” . Another view of the use of the 

inconsistency condition is that it may be useful to detect 

situations where one carrier ought not to price so wide a layer 

because the price can easily be reduced by splitting that layer 

into two or more layers. It would detect some such situations, but 

would it detect all such? Which ought to be detected? 

RISK REOUCTION DUE TO LAYERING 

The more positive thrust of the Miccolis paper is to show the risk 

reduction due to layering of coverage. For risk-loaded ratemaking, 

we have an inequality in risk-loaded premiums. It is: 

P(XY) a P(x,z) + P(2.y) ror x < 2 < y (7) 

The inequality simply says that the premium for the coverage from x 

to y is more expensive than the coverage structured into two 

layers; the first layer is from x to z and the second layer is from 

2 to y- An important condition is that the two layers are not 

insured by the same insurer. The spreading, or subdividing of risk 

would not then be achieved. This is fundamental for risk reduction 

to exist. Often, we will consider that the two insurers writing 

the two layers have the same risk aversion. This is not necessary, 

but might be convenient for illustrations. 
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ItlPLICATIONS FOR PRICING 

The most important conclusion is that there does not exist a 

unique risk-loaded price of coverage between X, and Y, unless you 

define it as the coverage provided by only one policy and only if 

the degree of risk aversion is fixed. Once layering is allowed, 

the premium depends upon the layer details. There are some 

implications here for the pricing operations of both insurers and 

reinsurers. The problems raised for a rating bureau are larger 

because of some uncertainty about how its products will be used by 

its member companies. Some alternative choices for a rating bureau 

are the following: 

1. No Risk Load-Compute increased limits factors based upon 

expected value. This would give rates for excess layers also since 

the differences are correct for excess layers when there is no 

risk-load. This will not satisfy those who believe that risk-load 

is very important to the stability of the industry and that rating 

bureaus ought to maintain their practice of including it. 

Objectively, the function of computing risk load fits within the 

function of the rating bureau because that calculation is dependent 

upon the historic loss data from which the degree of variability is 

measured _ Without this measuf ement of actual variability, the 

risk-load would be entirely subjective and its theoretical 

connection to rate adequacy would not be easily demonstrable. 
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2. Publish risk-loaded ILF tables and also publish risk-loaded 

excess layer rates for some commonly used layers. This would be 

popular and would bring out the fact that layer premiums cannot be 

calculated by subtraction, but it could give rise to some cases of 

old inconsistency. This appearance of old inconsistency is 

considered undesirable even if the meaning of old consistency is 

not what it was previously thought to be. 

3. Assume Standard Layers-There could be layer breakpoints at 

every limit which is a whole number of half-million dollar units, 

for example. This would probably eliminate the occurrence of old 

inconsistency. If the use of half-million dollar layers did not 

achieve this elimination, then there would be some layer sizes 

which would accomplish this. Another point for discussion is 

whether there is a limit as the process of layer subdivision is 

carried to the extreme of infinitely many layers of infinitesimal 

width. This is somewhat similar to the case of fractional 

participation, the fundamental basis for w-0 rata forms of 

i nsur ante , as well as for most forms of risk sharing of investment 

projects . Paul Samuelson discussed the limits of risk sharing in 

1963 (4). In “Risk and Uncertainty: A Fallacy of Large Numbers”, 

his simple and elegant argument showed that the value of a small 

share approaches its expected value as the share gets very small. 

The same argument works also for layers just as it does for shares. 

A layer of coverage of size dx in excess of the attachment point x 

243 



Page 14 

can be evaluated using a series expansion for the utility function 

as was shown in (3) by Pratt. With the expected value as the limit 

of subdividing, an interesting question would be how close to this 

limit does the industry operate. Those familiar with the costly 

nature of reinsurance brokerage would be inclined to believe that 

the practical world of insurance operates at significantly 

different rates than the expected value rates except during the 

extremes of the soft market . Then the extreme competition does 

exist and drives the rates even lower than expected value rates. 

In other words, the limit of expected value pricing does not seem 

highly relevant in light of the actual behavior. 

LAYER RATES BY SUBTRACTION PLUS DIVISSON 

Let us now concentrate upon computing the risk loaded premium 

for an excess layer, but using exponential utility in place of 

variance. The risk adjusted cost, RAC, is the certainty equivalent 

defined in the theory of utility but specialized here to the family 

of all exponential utility functions. Cozzolino [1978], “A Method 

for the Evaluation of Retained Risk", shows that for a Poisson 

frequency with parameter F and a risk aversion level denoted by r, 

the RAC, which represents a risk loaded premium, can be found from 

equation 8. 

RAC = Lx [e(r*RASL1] 
r 
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The expression RAS stands for the Risk Adjusted Severity and it is 

computed from the severity distribution accordinS to the formula: 

RAS = -$LN erxlf C 1 IdI 1 (9) 

Here, LN stands for the natural logarithm. The result of the above 

two expressions is the simpler expression, equation (10) which will 

be the basis of the subsequent equations. 

RAC = fx 
is 

-erxlfwdl -1 (10) 

RAC is the “certainty Equivalent” of utility theory. It is the 

premium for the risk represented by the severity probability 

distribution f( 1 ), in combination with the Poisson frequency with 

parameter F. Notice that F appears only as a multiplicative factor. 

RAC/F then represents a rate. The next step is to study this in 

more detail. The symbol 1 represents the individual loss from the 

severity distribution. The symbol L represents the loss to the 

i nsur er if he insures the layer from x to y. An alternative 

description is that there is coverage of amount (y-x) in excess of 

x, also called the attachment point. Thus L is a function of 1, 

and of x, and of y. It is shown in equation 11.. 
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= 0 for 0 < 1 s x 
L(l,x,yl = = (1-x) for x < 1 s y (11) 

= (y-xl for y c 1 < 00 

It can easily be shown that such payout functions are additive. 

Thus the claim is that: 

LU.x.yI = L(l.x.21 4 L(l,z.yl for all z in (x,yI (12) 

The loss from the policy of amount (Y-X) in excess of x can be 

expressed as the sum of the losses from two policies. They are the 

coverage of amount (z-x) in excess of x plus the coverage of amount 

(y-z) in excess of z. This can also be seen in terms of the graph 

of figure I which shows the three loss functions being discussed. 

FIGURE I 
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In the example of the graph, the x value is 50, the y value is LOO, 

and the z value chosen is 80. The sum of losses from the 30 excess 

of 50 plus the 20 excess of 80 equals the loss from the policy for 
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50 excess of 50. This is true at any individual loss size 1, the 

abscissa of the graph. 

With the loss function L now established, and its additivity 

demonstrated, we can now express the RAC equations in terms of L as 

follows: 

I 

0 

RACtx.yl = $ 
ii 

er*Lf(lldl -1 

I 

(13) 

Note that the loss function specified in equation (11) is the L in 

equation (13). That is why the RAC is a function of both x, and Y. 

The real working equation is with the definition of L(l,x,~) 

substituted into the last equation. It is given in equation (14). 

The additivity of the L loss function, equations 11, and 12, and 

the RAC equation (13), are all used in Appendix I to shows how to 

derive the last equation. Equation 14 can be further expressed in 

RACtx.yl = F* 
x 

ftlldl + I 

Y 

eCN(l-X’f~lldl 
r 0 X 

(141 

+ ec”Y-x)ofWdl -1 I 
Y 

terms of the premium functions of the sub layers from x to z and 

from z to y. The final result is equation 15 which follows: 

RACtx,yl = AACtx,zl + RAC~z.y)wer”(Z-X’ (15) 
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Equation 15 is the main result. It is a useful tool for layer 

pricing. Notice that when r = 0 it implies that additivity is 

corrrect in the case of premiums based upon expected value, since e 

to the zero power is unity. This corresponds to expected value 

pricing, and is in agreement with the Miccolis results. Not ice 

that the factor r in the exponent is positive for a risk averse 

decision maker, and the factor (z-x) is also positive, so that the 

exponential factor in the second term of the equation is a positive 

number greater than one. Therefore, deletion of this exponential 

factor would decrease the right-hand side of the equation. The 

result is a fundamental inequality, stated first, without proof, as 

equation 7. It is equation 16. This inequality also shows, by 

turning it around algebraically, that the price of a layer, when 

computed by subtraction, is 

RAC(x, yl > RAC[ x,zl + RACkyl for all r > 0 (16) 

overestimated. This is shown by the following revised form of 

equation 16, shown next: 

RAC(z.yl (RAC(x.vl - RAClx.z) Foranux<tandanyz<y.(17) 

The two premiums in the subtraction shown in equation 17 are for 

Premiums for coverages in excess of attachment point x. More often, 

these terms would be representing ground up coverages and so x 
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would then be zero. Since subtraction of risk loaded premiums 

gives an overestimate of the correct premium, we can turn equation 

15 around to obtain a very useful correction form. It is equation 

18. 

RAUz,yl = RAC(x,yl-RAC(x,zl 
*r*tz-x) 

I 
(18) 

This says that the premium computed by subtraction must be divided 

by a number greater than one to yield a correct result. The 

implication is that the correct answer is smaller than the answer 

obtained from subtraction. The difference, 

RAC cx,yl-RAC(X,Zl- RAC(2.Y) 
=RISKREDUCTIONDUETOSPLITING(x,y~ (19) 

is the risk reduction due to layering. This was first computed by 

Miccolis, shown on his p. 49, for variance as a measure of risk. 

How similar are the results? An example given by Miccolis is 

repeated here in appendix III so that the comparison can be seen. 

CONCLUSIONS 

An important implication of equation 18 is that there is no need 

for tables of increased limit factors for excess layers; the 

equation makes that information directly computable from the 

ground-up rates. It is interesting that the correction factor is 

not a function of the probability distribution but a function only 
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of the risk aversion level and of the layer endpoints. All of the 

results shown so far which involve the family of exponential 

utility functions are valid for all risk aversion levels greater 

than or equal to zero. The user of these results should be aware, 

however, that for high enough risk aversion and/or high enough 

limits, the old inconsistency will always occur. This is not a 

manifestation of some obscure flaw in the theory of utility. 

Instead, it is simply a warning that layer splitting is essential 

to enable reasonable pricing. It simply demonstrates the need for 

layering the coverage, just as is usually done. 

Experience with applications of utility analysis suggests that 

every company ought to have its own utility function which serves 

to represent the attitude toward risk of that company. Larger 

companies ought to be less risk averse than smaller companies, 

although the choice is the prerogative of management. 

The risk aversion can also be determined in the same way that 

Miccolis used to determine the coefficient of variance for 

calculating risk load. This method was to set the coefficient to 

result in a 5% risk load for a policy with the basic limit. 

Utility theory is useful to improve the understanding of risk 

loads, their meaning, and their implications. It will probably be 

a useful tool to help insurance company actuaries develop pricing 

rules. Appendix II gives some of the considerations relevant for 

the decision of whether to use utility. However, for a rating 
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bureau, utility theory is not a complete theory of insurance 

pricing _ A current influence upon the developing ideas of industry 

risk-load is the changing ideas of the role of the service bureau. 

In response, the bureau can give the risk-load as a function of the 

risk aversion level so that the subjective aspect of risk-load, 

selection of the company’s risk aversion level, is left to the 

insurer , while the objective Part, determined from data, is 

recognized as an essential bureau function. The graph of the risk 

adjusted cost function, as a function of the risk aversion level, 

for all risk aversion levels is a simple way to do this. In fact, 

it can be shown that the RAC function, as a function of the risk 

aversion level, uniquely encodes all of the probability information 

contained in the loss distribution. 

This property of the complete family of exponential utility 

functions is known from the theory of transforms. The transform is 

the same function as the expected utility. Therefore the risk 

profile curve, which is the graph of RAG as a function of the risk 

aversion level, is as objective a measure of risk as is possible. 

Increased limits pricing is an essential topic today in light of 

the increasing popularity of large risk retention by the buyer. 

The increased risk retained by the insurer is something which the 

industry must maintain a careful awareness of. The risk of writing 

a policy is a strongly increasing function of the limits of 

coverage. The understanding provided by the theory of utility is 

useful for both insurers and regulators. 
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APPENDIX I: PROOF OF EQUATION 15 

The starting points are equation 11, which defines the loas to the insurer 

who insures the excess layer from x to y, already denoted L(l,ny), and the 

equation which gives the RAG for that layer. Our goal is to express it as a 

function of RAC(xz) and RAC( z,y), which are the risk-loaded premiums 

of the two contiguous layers into which the (x,y) layer might be broken. 

Let us begin by applying the definitkms to the sublayers. These are: 

RAC(x,r I = 5% iJ 
X z 

f(lld1 + er*“-x’f(l)dl 
0 J 

X 

nd. 

+ e r*(z-Xl f J 
I 

(lId1 -1 

RAC(r.yl = >fi 
IJ 

x Y 
f(lIdl + J er*cL-z’f (1 Id 

0’ Z 

/ 
+ er*(Y-Z’)mf (1 )dl 

I, 
-1 

Y I 

(21) 

(221 

The loss functions corresponding to these two layers are L(l,xz) and L(1,r.y). 

Tbse can be expressed in the same form as equation 11. 

i 

= 0 for 0 < 1 < x 
L(lscs I = =(I-xlforxCl<z 1 

= (z-xl for z < I < m 

(23.3) 

i 

=o for 0 < 1 < 1 
L (1 s.y 1 = = (1-z) for z < 1 < y 

= (y-2) for y < 1 < 00 

TIIQ next step in prpmmtion is to write Qquation 12 which expreoooo the layer 
kmeo from ecrch layer srr the term in each layer. 
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This will oxprwe the L(l,x,y) in terms of four kss size intervals mther then three. 

cl zm 0 + 0 for 0< I <x 
-- I = (l-xl + 0 f x< l<z. 

(l-xl = (z-xl + (I-21 f:f = < 1 <Y 
(Y-4 r: (2-x) + (y-z) for Y< 1< = 

The first step in the proof of equation 15 is to begin with equation 14 and 

to split the middle integml, which goes from x to y Into two integrals 

corresponding to the layers of the table above. The result is: 

RAC(x.yl = FM 
(I 

x I 

f(lldl + J e r”‘l-x)f (1 Idl -1 
0 X I 

+ ,+-,, ~zye”“-z’f(I)dl +erHo’-z$fIildl]] 

The expmeeion above for RAC(X,Y) has two curly brackets on its right hand 

elde. The following expreeeion can be added into the flret bracket and 

balanced by eubtmction wtthln the eeoond bmcket. 

er*Iz-xlwf (1 Idl J 

I 
Z 

The resulting equation appeam (18: 

RAUx.y = F x Z 1 FM IJ f (IId + J e rr(l-x)f (1 Id1 + 
0 X 

+ 9” [[er*(z-x)] 

+ er*(z-x)-f(l Idl -1 ) + J 
Z 

[-jfU)dl + ~Ye”“-z’fUIdl +era’Y-z’~f~iIdll] 
Z Z 
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The new negative term In the second bmcket can be replaced by its 

equivakbnt value shown in the next equatti: 

The equation for RAC(x,y) now hks llke the following: 

RAC(x.yl = gs r 1 
x z 

f(I)dl + e’*(‘-x’f~lldl + r 
1 

c ‘0 ‘X 
0 

+ e r*(z-x’ J f (1 IdI 
Z 

[ J:,,,,, + I’,rncl-z)f 
a0 

(Ildl +e r*(y-21 f( 

0 Z 
J 
Y 

At this point it is easy to recognize that w have equation 15: 

RAC(x,yl = RAC(x,zl + RAC(z,ylner”‘Z-X’ 

1 IdI -1 ]] 

-1 + 
I 
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PERSPECTlVES IN THE APPLlCATlON OF UTILITY THEORY 

There are two utility theories. The one used by economists to rationalize the 

purchase of possible market baskets of goods has nothing to do with risk. 

Many people, never exposed to the utility theory of risk, erroneously assume 

that they learned something, about it in their required course in economics. 

Where would ycu’have studied this relatively new risk theory? The theory of Von 

Neumann and Morgenstem is the one we are concerned with. It is a theory 

based upon three consistency axioms for choice among lotteries. The 

properties of the utility curve are derived from the axioms. There are several 

books which contain this theory, including references 1, 2, 8, 9, 10, 14, and 

17 for example. There are several more under the subject name ‘Statistical 

Decision Theory”. The book by Moms DeGroot, entitled ‘Optimal Statistical 

Decisions” is an excellent example and a fine pressentation of the derivation from 

the axioms. 

Another perspective is that other applications areas exist in addition to 

insurance. Oil and gas exploration is another highly risky business. Some cf 

those practitioners also apply utility theory and there is an extensive literature 

on risk. Operations research people often tended to be the users and trustees 

of the knowledge of utility theory in general, but the study of risk is mpidly 

growing, including new disciplines called risk management and risk analysis. 

Another perspective is that the theory cf utility has developed 

considerably over the years and there is now a general realization that the 

exponential family of utility functions is the simplest to apply. It is unique in its 

‘portfolio property’ which is additivity of the values of independent random 
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variables. Without this, the complication of evaluating hundreds or thousands of 

‘lotteries’ would be insurmountable. With this type of function, the expected 

utility is essentially the moment generating function, which we know from 

probability theory, so the mathematics is already in place. Science usually 

begins with the simplest model, when the choice is available, proceeding to 

more complicated models only when experience reveals the need to do SO. 

That is how we ought to proceed. 

The family of exponential utilities is a one parameter family. The parameter is 

called the local risk aversion function, so named by John Pratt, who explored 

the properties of many functional forms of utility functions. The fact that this 

function is a constant for the exponential is often called the ‘wealth 

independence’ property. It is reasonable to expect that every decision maker 

has their own individual risk aversion level, the parameter of the exponential. 

We can make the measurement of risk more objective by computing and 

showing the spectrum of certainty equivalent values for each possible risk 

aversion level from zero to infinity. This graph has been called the “Risk Profile 

Curve”. Lotteries can be compared against each other by comparing their risk 

profile curves. Reference [5] gives the details of “Risk Profile Dominance*. In 

practice we find that real decision makers want to know how they “ought to” 

behave regarding risk. Utility theory was not meant to answer that question. 

One widely accepted idea is the greater the wealth the smaller the risk 

aversion. When constructing a theory which involves a whole population of 

companies or individuals, we often find a Pareto distribution of wealth levels. A 

simple model for the population of risk aversions is that each individual’s risk 

aversion level is the reciprocal of their wealth level. 
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in my experience, I was fairly succeeaful In advising oil exploration companies 

when I recommended that their rtsk avemfon level be taken as the reciprocal of 

their expiomtlon budget. In many cases, Individuals in pceitione of 

rwponeiblllty are found to be tco rfsk averse compared to this guideline and 

the advice is often welcome news. Personality traits can Influence thts but 

probably ougM not to. 

Applying exponential utillty theory ls simple because you only need one 

number, the rtsk aver&m level, to get started. For the application to risk 

loads, for example, we can determine the rtsk aversion level which gives the rtsk 

load of 5% for the basic limits policy. This will be illustrated In Appendix 9 

whkh containe the example. In geneml, since only one parameter need be 

determined, one past deciskn k sufficient too determine the past risk 

avemkn level. An altemattve to uing the parameter r is provided by Van Slyke 

[16]. He recommends a risk toiemnce type of pammeter and calls It capacity, 

Intending it to be measure of capacity. A model such as this would be very 

ueeful tf lt found geneml acceptance. 

The intorerted mdet ougM to examine one general reference, such as IS] or 

1101, and the two papers by Pratt [lS] and Samwbon 1161. 

The Idea that the local risk aversion ougM to be decllnlng wlth wealth is 

l ppeeling to many peopie and wee flmt expreeeed by Kenneth Arrow. 

Reference [l@] quickly aseumes declining risk aversion wtth wealth. An 

attermtlve, but dmiiar, hypotheeta b that of popuiatbn heterogeneity; ail 

Indtvldwb In the poputatbn have different risk aversion ievela 
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The weatlthier indhridusle have the smaller risk aversion levels. Thslr risk 

avemlon levels all remain constant, I think that this possfblllty needs empirical 

testfng rather than debate becauw these two hypotheses am dlffkuft to 

dlstlngulsh between. The slmpier of the two models ls that of population 

heterogeneity. This model as assumed by Lintnsr 1121 in his esrly derivation of 

the capital asset prking model. 

An objsction to exponential utiltty theory was exprsesed by f&hard Wall ln his 

mvlew of the dkcuwion paper by Cozzollno and Kleinman in the Dkcusslon 

Paper Program of 1062. Wofi states that Whlk the chamcterktk of con&ant dsk 

avemlon k extremely useful, . . . . R prcvtdes no limit on the number of 

Independent rtska which a particular insurer mlght be wililng to write, gfven no 

external constnints.~ in his next paragraph Woil states that “This lmplkation 

of exponsntlal utlllty flies In the face of the historkai and lntultive notion that 

then is always some limit to the amount of burinees one is willing to wrtte with a 

given amount of capital.” lhls objection to exponential utility b less real than 

Imagined because lt is not the role of risk aversion to itmlt the amount of 

buslness written. The reatistk nsture of the IimItatIon b the limitation of the 

capaolty available to any ineurer. Some think that capacity Is not real, perhsps 

juet a construct of the regulators. But another natural cause of limltatkn for any 

bustness ls the flnfte nature of the stock of good opportunftka avaliabk in the 

whofe world. A8 an Insurer trys to obtain more risks of a given type, the quality 

declines; the additionai rtsks are not of the same quality. in that caee ot 

declining quality, rkk aversion will ako play a role; the iowr quallty of the 

marginal risk makes It more d&y and so lt fails to meet a constant cutoff. 

259 



Apptdir 2 Pnge 5 

in all buslneases, there are very real llmltatione of the number of good prospects 

available. Much of the effort expended in many businesses is that of finding the 

opportunities worthy of Investment. 

If the utility function really had decreasing local risk aversion, then as the insurer 

takes mare rtsks whose expected profit is positive, the insurer’s risk aver&n 

would decline and become less of a restrlctlon on the acceptance of marglnal 

rfsks. Perhaps thls proves that the desired restrlctlon Is not the role of utlllty but 

rather the result of some other general aspect of business. 

One last consideration; don’t wait to find the ‘perfectly correct’ utlllty curve 

before beginning to apply this methodology. LJtlllty curves, llke probabiilty 

distributions, am never perfectly correct, afthough we can distinguish that some 

am better than others. As for wealth independence, if you thlnk that the utility 

curve is changing over time, then you can reestimate the risk aversion 

perlodkalty, perhsps annuslfy, es is done for other financial parameters of 

business firms. Slow changes are easily handled this way. 
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Page A III-l 

The Miccolis paper, “On the Theory of Increased Limits and Excess of Loss Pricing,” 

is very complete but did not illustrate all of the capabilities it contains. The formula for the 

covariance between the excess loss of two adjacent layers was given (equation 39 of that 

paper) but it was not illustrated. The capability of computing the variance-based risk-loaded 

premiums for excess layers was illustrated. 

The formula (equation 43 of that paper) was stated as a formula for the amount of 

risk reduction due to layering. In addition, it can be used to compute the correct 

variance-based, risk-loaded premium for an excess layer; it is also a formula for the 

correction of a premium determination by subtraction of ground-up rates. It seems useful to 

illustrate those here because the main purpose is to illustrate RAC-based risk-loaded 

premiums. The presence of variance-based risk-loads in the same paper is useful to aUow 

comparisons. 

Example A will be the Miccolis example of a lognormal severity distribution with the 

parameters p equal to 8.9146, and u equal to 1.7826. The mean frequency is given as 0.1 

losses per year. This is a long-tied distribution, appropriate for the medical malpractice 

loss of one doctor. The annual expected loss of this frequency and severity combination is 

$3,644. The distribution of annual aggregate loss has a variance of 2.4181EO9 squared 

dollars, and the standard deviation is $49,174. 

In example A, the formulas supplied by Miccolis for partial integral, partial mean, 

and partial noncentral second moment were used to produce the layer results shown in the 

following tables: 
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Table A-III-1 
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Table A-III-Z 

Layer # 

1 

2 

3 

4 

S 

6 

7 

Exp. Loss Exp. Loss 
Freq in layer below & inc. 

above layer 

492.25 0.02483 492.25 

373.81 0.01426 866.06 

491.68 0.00725 1,357.74 

881.85 0.00190 2,239.58 

378.00 0.00091 2,617.59 

418.45 0.00030 3,036.04 

124.56 0.00019 3,160.60 

14 I 21.99 I 0.00000 I 3.600.45 

15 20.04 o.ooooO 3,620.49 

Sum = 3.620.49 

Exp. Loss 
zero to top 

1.112.92 

1.578.95 

2.082.39 

2.810.61 

3.333.67 

3.404.62 

3.437.58 

3.492.80 

3.576.42 

3.592.00 

3,610.32 

3,617.23 

3,620.49 

Exp. Loss 
Excess 
Laver 

728.22 

262.78 

260.27 

32.97 

55.21 

56.21 

27.42 

15.58 

18.32 

6.91 

3.26 
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Table A-IU-3 

(All variance figures have been divided by 1000) 

The variance scaling was reversed before computing the standard deviation, in this 

and all similar tab&. 

The righthand column of the table above shows the variances of ground up layers 

(from zero to the tops of the numbered layers). The next thing of interest would be to show 
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the variance of the excess loss for each numbered layer. If subtraction of ground-up layer 

variances were correct, the results would be just the differences of the successive numbers in 

that column, after the entry for the bottom layer. Subtraction results are shown in the next 

table after a correction determined by the Miccolis formula. The correction term is shown 

separately in the next column. The variance of the excess loss in the top layer is also useful 

in computing the correlation, shown in the next column, between the ground-up layer which 

excludes the top layer shown in the layer column and the top layer itself. The first entry 

here is for row 2 of the table; that represents the correlation between excess loss in layer one 

and excess loss in layer two. The third row is the correlation between excess loss in the 

combined first two layers and excess loss in the third layer counting up from the bottom. 
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Table A-III-Q 

2 1 55,627 

3 t 128,320 

II 4 I 387.751 

5 1 591.562 

6 1 957.964 

7 r 1.119.50s 

8 1,211,530 

9 1,402,290 

10 1,675,739 

11 1,864,866 

12 2,CQ3,755 

13 2,224,928 

14 2,343,264 

15 I 2,418,124 

VarlExcess 
I 

Var Reduction 
I 

Correl of 0,T 
Layer w/top layer 

21,746 I 

10,579 I 23,302 I 0.733945 ll 
22,349 I 50,344 1 0.691373 // 

113.786 I 145,645 I 0.590111 II 
46.140 I 157.671 I 0.583871 II 

106.129 I 260.273 1 0.516184 II 
19,651 141,894 0.515368 

6,307 85,715 0.508690 

25,115 165,644 0.473712 

48,628 224,821 0.429720 

24,613 164,514 0.404548 

14,273 124,616 0.381568 

38,012 183,161 0.331595 

14,698 103,637 0.286408 

9,674 65,187 0.216404 

A risk charge of 5% of the expected value pure premium was used by Miccolis to as 

a standard to determine the coefficient of variance in the pricing formula. The coefficient 

was determined to be 2.559B06. The following table gives the resulting premiums for all 

ground-up layers and all excess layers. 
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Table A-III-5 

Lambda = 2.56E-06 
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Table A-III-6 

2 25,COO 50,000 

3 50,000 lCO,COO 

4 I 100,ooo I 300,cOO 

] 

Percent for 
zfm to top 

4.76 

8.27 

13.62 

26.09 

33.00 

42.31 

45.70 

8 I 1.300.000 I 1,5oo,c0O I 47.42 

9 I 1.500.000 I 2.000.000 I 50.68 

11 I 3.OOO.ooo I 4.c00.000 I 57.16 

Percent for 
excess layer 

4.76 

5.49 

10.20 

28.56 

31.00 

51.06 

41.48 

32.87 

68.89 

69.67 

84.15 

84.48 

88.37 

This verifies the often stated opinion that the risk load is a larger fraction of the 

excess layer premium than it is of the primary premium. While it is also quite large for very 

high limits primary policies, those ground-up coverages in the top half of the list are not 

often written as single policies because of their high risk loads, which can be avoided by the 

common combination of primary plus excess covers. Excess layers, on the other hand, can 

be kept small to hold down their expected losses, but their percentage risk loads are still high 
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because of their risk strucuue. A sufficiently thin excess layer approaches the risk 

characteristics of the Poisson distribution which has a long tail for the cases of small 

frequency. 

The next example is similar to the first example; it has the same Poisson frequency 

but the severity is piece wise constant with constant density withii each layer. The layers 

have the same frequency within the layer for each layer as for the lognormal, but the mean 

and variance within each layer will be somewhat different than for the lognormal. The main 

motive for this difference is to facilitate the calculation of the IUC within each layer. Based 

upon the lognorm& the RAC is difficult to compute because the moment generating function 

for the lognormal can only be expressed as a series expansion. The lognormal has all 

moments but the series is difficult to express in any simple form. In addition, the motive 

also exists to illustrate how easy the BAC is to compute when each layer is approximated as 

a rectangular density function. 

EXAMPLE B 

Table A-III-l remains the same in the B example as in the A table, because the layer 

frequencies have been kept the same. But the layer mean (the mean of all aggregate loss 

from losses whose size is within that layer) is just the layer frequency multiplied by the 

average of the upper and lower endpoints of the layer. Because of the Poisson frequency 

within each layer, the variance of aggregate loss (the variance of the sum of all losses whose 

sire is within that layer) is given as the frequency in that layer multiplied by the second 

noncentral moment of the layer severity. The formulas for these and for the RAC within a 

layer are given at the end of this appendix. 
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The next five tables repeat the last five tables so the reader can se-e the size of the 

differences between the hvo models. The next hvo tables have some differences from their 

example A counterparts. 

Table A-III-7 

Sum = $4,385.72 1 
- I 
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Page A III-1 I 

(All variance figures have been divided by 1000) 

Layer # 
I 

Variamx Freq 
I 

Above Layer 
I 

VarimCe 
I 

VarK.ayer 
in Layer below % incl. zero to top 

1 I 15.661 I 0.024827 I 15,661 I 31,178 

2 I 15.413 I 0.014258 I 31,074 I 66,718 

3 I 40.899 I 0.007247 I 71,973 I 144,438 

4 I 231.533 I 0.001903 I 303.506 I 474,815 

5 I 161.996 I 0.000912 I 465,502 1 693,407 

6 I 358,160 I 0.003298 I 823,662 1 1,121,292 

7 I 146.199 I 0.000188 I 969.861 1.287.084 

8 84,480 0.000145 1,054,341 1,379,865 

9 186,989 O.COOO84 1,241,330 1,577,459 

10 296,547 0.000037 1,537,877 1,872,758 

11 211.807 o.oooo2o 1.749.684 2.070.251 
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Table A-HI-9 

3 1 144,438 1 23,959 

4 1 474.815 1 147,378 

5 1 693.407 1 49.689 

6 1 1.121.292 I 125.573 

7 1 1.287.084 1 20.191 

I 8 1 1.379.865 I 6.361 

24,428 1 0.615219 

53.761 I 0.644774 

182.999 1 0.610913 

168.903 I 0.543396 

302.312 1 0.508375 

145.601 I 0.481853 

86.420 I 0.476027 

The variance-based risk-loaded premiums for the B example are given in the next 

tables, with their percentages of risk load. The X value used is that which gives the 5% risk 

load for the basic policy whose limit is $25,000. 
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Table A-III-10 
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Table A-III-11 

The differences between the examples A and B are now evident and are apparently 

minor, based on comparison of the two sets of 5 tables for each. The next series of tables 

will focus upon the differences between variance risk load and RAC, and upon the properties 

of RAC as a risk-loaded premium, all entirely based upon the B example. 

The first idea to illustrate is that the risk aversion level can be selected on the same 

basis as the A coefficient of variance was selected. The result is that the risk aversion level 

is r = 4.93E-06, also a very small number. The reciprocal of the risk aversion level wiIl 
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also be noted since this is sometimes called risk tolerance. For the stated risk aversion level 

the risk tolerance is $202,840 indicating a very small insurer. The set of premiums 

calculated by RAC for the ground-up policies is given in the next table. 

Table A-III-12 

Risk Aversion = 4.93E-06, Risk Tolerance = $202,840 

The reason that the results are not given for the higher policy limits is that the 

premium becomes very large for the higher limits at this large risk aversion level. If an 

insurer is so risk averse that it requires a 5% risk load at a policy limit of $25,000, it is too 

risk averse to write policy limits of $500,000 or more. That conclusion seems reasonable in 

light of the fact that most small primary companies do not wrim high limits policies. 

Another risk aversion level to consider is that which makes the premium for top 

policy limits as determined by RAC equal to that determined by variance with the same A we 

have been using, 2.559E-06. This is .5682E-O6 and it corresponds to a risk tolerance of 

%1,759,944. 
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Table A-III-13 

Risk Aversion = 5.68E-07, Risk Tolerance = $1,759,944 

I I 
Layer # 

1 

2 

3 

4 

5 

E. Loss for 
Policy Limit zero to top 

25,000 1,560 

50,000 2,049 

100,OGO 2,586 

300,000 3,501 

500,000 3,783 

6 1 1,000,000 I 4,085 

7 I 1.300.000 I 4,158 

8 1 1,500,000 I 4,191 

9 I 2.000.000 I 4.249 

10 I 3.000.000 I 4.309 

11 I 4.000.000 I 4.338 

12 I 5.000.000 I 4.354 

13 7,500,ooo 4,374 

14 -O,~,~ 4,382 

15 4,386 

RAC! of 
layer 
ZerotOtOp 

1,569 

2,068 

2,628 

3,642 

3,994 

4,586 

4,813 

5.058 

5.264 

5.468 

I 6,154 

8.1 1 6,955 

9.3 1 7,452 

10.1 I 7,722 

11.7 1 8,285 11 

14.8 1 9,102 

17.6 1 9.636 

20.4 10,017 

28.9 10,667 

39.1 11,000 

61.0 11,254 
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The next table shows the premiums for all excess layers. Also shown for perspective 

are the expected loss, the risk-load as a fraction of the premium, and the variance-based 

premium.This is at the same risk aversion level last used. 

Table A-III-14 

Risk Aversion = 5.682EG7, Risk Tolerance = $1,759,944 

VaI 
Premium 
EXUX4 Layer Rx 
Layer Loadas 

Exp. Loss 
Excess 
Layer Start Top 

1.569 I 1.640 I 0.5 

489 492 I 517 I 0.6 

538 544 599 1.2 

958 1,292 4.5 

296 409 4.9 

341 624 11.4 

79 124 7.6 

35 50 5.3 

65 124 12.4 

79 196 22.9 

100,ooo 1 300,ooo 

300,000 500,000 

500,000 L~,~ 
=E 
Looo,ooo WQ~ 
1,300,ooo 1,500,ooo 

1.500800 2,ooo,ooo 

282 

73 

2.OOO.ooo I3.uOO.000 61 

3.m.ooo l4.000.000 37 I 95 I 23.5 

4.000.000 I 5.000.000 16 21 I 54 I 23.9 

40 I 130 I 49.1 
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Table A-III-15 

Risk Aversion = 5.682E-07, Risk Tolerance = %1,759,944 

In spite of the small size and high risk aversion represented in the table above, this 

insurer is able to write most of the excess layers evaluated. The premiums are excessively 

large for the top six layers. Apparently, risk sharing works very well, but there are enough 

larger insurers, with smaller risk aversion to write these excess layers at lower cost. 
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The “Risk Profile Curve is a graph of the RAC as a function of the risk aversion 

level. Here it is a graph as a function of the risk tolerance which is the reciprocal of the risk 

aversion. Risk tolerance is an amount of money and so may appear more meaningful.” 

Figure two is the risk profile curve for the top excess layer,which starts at 7.5 million 

dollars and runs to 15 million dollars. At low risk tolerance, the risk loaded premium is 

very large but then it declines, approaching the expected loss pure premium which is just 

$4.00. 

Risk Profile Curve for Basic Police 

Risk Tolerrxe xn Stlillions 



Page A III-20 

160 

140 

120 

100 

80 

60 

40 

20 

0 

FIGURE 2 

RISK PROFILE CURVE FOR TOf 2 EXCESS POLICY 

0 0.5 1 1.5 2 2.5 3 3.5 4 
Risk Tolerance in SMillions 

The Equations 

When using a piecewise constant density for severity, where each layer has a constant 

density, the formulas needed for the results presented are given below. The set of three 

equations is for aggregate loss for alJ losses whose size is between the lower end point 

4, and the upper end point, Li of layer i. The expected amount of aggregate loss, given the 

frequency Fi, in this layer is: 

EL(Liwl, Li) = ++ 
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In the special case when the layer has zero width, the expected loss is Fi x Li itself. The 

Variance in the layer, also based upon the rectangular severity is given by the next equation: 

vm(Li-l, Li) =Fi 
L&+LI-,.L1+Lj 

3 

When the layer endpoints are the same, the VAR is just 

VAR(L,-,,L,) =qLf 

The RAC in the layer, a function of risk aversion level r, has the following formula: 

RAC(Li-,tL,) =(+I * 
1 

exp(r.L,)-exp(r.L,-,I -1 
f. (Li-Lj-l) 1 

The special case when the layer has zero width has the special formula as follows: 

RAC(L~,~,L~) = ($1 .[exp(r.Lj) -11 

The special cases of zero width usually occur when there is a policy limit. Then all the 

layers above are effectively collapsed into a degenerate layer at that limit and the frequency 

of the degenerate layer is the frequency above that layer. This is very conveniently organized 

into a spreadsheet format. 





TRUE INHERENT HAZARDS AND 
THE FUTILITY THEREOF 

John W. Carleton 
(introduction by Robert A. Bailey) 



June 22, 1992 

Enclosed is a copy of an actuarial paper on the subject of Fair 
Discrimination in Insurance Rate Regulation which was written 
April 11, 1950 as a personal and confidential letter from John W. 
Carlton, then Actuary of the Liberty Mutual Insurance Company, to 
Arthur L. Bailey, then Actuary of the New York Insurance 
Department. It was part of the help my father received in 
preparing the paper he presented to the CAS on May 22, 1950 
entitled, Credibility Procedures - "LaPlace's Generalization of 
Bayes' Rule and the Combination of Collateral Rnowledge with 
Observed Data." It could be considered a review of that paper. 

I have enjoyed reading this paper several times over the years. 
It remains as relevant now as it was when written. I believe 
enough time has passed to permit its release. 
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&rlJ. l.l* 1950 

SUBJECT: TEUB IE&REET EAZUDS Aif2 TDi PJTILITY TKEEEOS’ 

Pear Arthur: 

Thlr letter is prompted in part by varioaa discassio~ we have bad ln the 

pmt regardkrg f-mental approacha to insurance ratanmklng. 

It is recognized that zy contribntiolu to these diacuasloos occasionally 

may baw seemed facetioue to ‘&e point of irrsspanaihilf:y. The observe- 

tions uhlch seem troublesome arrd the inferencee ubich 80~11 to flow from 

them require a nice bskncr between humor and eerious consideration, Any- 

OM who appears to bslir~a that igfmranca is an aaret which the Fnalpsnce 

Mnatry should mt dlsslpats thoughtlessly z-ma tha risk of being thou&t 

of aa either an l.rresponslble person or a futile humoriet. Eelthor ohar- 

acterlzatlon is son&. but the latter ir preferred to the former. Plafuic 

give se the benefit of the doubt 8s you go along. Also, gleam keep this 

Letter to yourself. 

Heverthrless, lf the hmdamantal approach to the pricing problem in in- 

surance whl& you seen to accept la correctly tistood by me, then it 

ir Of sOno importance &at it 34 r-d with cIy.9. It 18 et2eesed that 

concern ia vith the baeio amoach and sot the lnproqed techniques uith 

which you from time to time suggest the lndnstry implement that approrch~ 

Xlaor dffZerenceg of opbion fn the latter are aspsrate 18a~a. 
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The careful exeninatisn of this philosophy of pricing is of some Lmpor- 

tame for at least two cogent reasons. First, ln ths lzxtensified opsra- 

tion of state rate regulation, the patsuit of this theor is bound to 

ha-~4 some influence on required expense loeU.ngs, even if only to main- 

+aFn the status qu0. bny+.hing which has a significant influence on the 

amount of money which the public psgs the insurance industry to handle 

its loss dollars shm2.d not be takea for granted. Second, the pnrsult 

of thie theory pay operate to r&e the product which the Industry sells 

less and less what the costoaers want to w. With regard to this reason 

it seems dedzable to remember that the natme af the insurance hcsSnes8 

is such that the price straetme is an integral part of the product that 

iS Sold t0 the public. Both of t&se reasons v0u3.d seem esyc5ally cogent 

to those who want public support for the free enterprise system of Fnsrp- 

axe. 

90 give continuity to nhat folJmiar It my be well to provide a prelim- 

inary outline. First. I'd like to set up a coneeat of trw inherent 

hazards. Second, IId lige to describe the operation of a rates&zing 

system which purports ta DrovLde 8s a prrre premium for each risk (or 

maybe each class of risks) the best statistical estimate of the tree 

inherent hazard. Hext, effort will be made to tsar dovn the true izher- 

mt bawa concept - and with it the rationale for a rate- system 

which seta up Its measurement as a goal. Fourth. there will be reviewed 

the well-known circcrmstances which seem to maks it necessary that some 

such ratemaking system be used if competitive carriers are to be expected 

to provide a msuket for substantia.Uy all comers - whether the system 

has a statistical rationale ar Mt. 
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After four above, I am very mu& puzzled. It is hoped you sre the same. 

In the rest of this letter, the -mslerient is nsed to just27 a somewhat 

different standard of fair discrlmk?ation than is 3.srplici.t in the pur- 

suit of the inherent hazard approach, 

Tou have from tiae to tine expressed relr&ance to provide a definition 

of the true inherent hazard on the gzounde that as an u&movable it, ac- 

cording to fwished au*Aoritp, doea not lend itseLf to a cutain IcLod 

of dsfinltion. Bevertheless, from the nssmer in uhlch you use tke er- 

pession I have acqcired a concept of what I think you mean which. it 

is believed, can be conveyed iL lmgnage even if not precisely defined. 

Pour good friend, Bertrand Russell, admits as valid for con~eylzg ideas 

what be ce.lls ostensivs definitions. It is beliewd that by pojnting 

at z static model, the idea lmich I have of your trae inherent hazard 

oan be conveyed without ruzdua loss from one party to snother. 

If there is a dice box with ten dice Ln it, ard if the person rolling 

the dice loses a dollar for each spot, the0 the nwmrical value of the 

inherent hazard for the roll is $35. The operations which comprise the 

Bilk for the policy period is represented by the rolling of the dice. 

Seenin&?, any risk can be represented this way, although. of oourse. 

small fire policLes and the like would require polyhedral dice with 

blazk facets predominating. Heedless to say. in the insurance busirma 

only the total ntubsr of spots is kovn after eti roll. The nvmber of 

dice in the box cannc,t be directly co-ted or otherwise determined either 

before or after rolling. 
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YOU once commented on the small Luherent hazard associated with large 

retrospectively-rated risks with high mazimtnn~. It 1s assumed that you 

had reference to the portion of the total inherent hssard assuzed by the 

carrier. Since rating is concerned only vith haesrds assumed under speci- 

fic contracts. it might be thought necessary to delimit the concept se 

that it vi11 relate only to the hassrd transferred contractually. Zou- 

ever, it is thought thst if this nicety vere sqplied, it would not ln- 

terfere with or contribute to the ideas to be discussed. It is more 

convenient to tbiak of the tierent hazard as an attribute of the Lp- 

snred, all or part of which may be transferred by the hcmrance cantract. 

It is, of course, yssible to express this nexpectation of spotss as a 

symbol with a mathematical definition sufficiently general to mbrace 

expectation of loss. I don’t want to do that for reasons which vlll be- 

coae app”ent later on. It seems better to start off by ~isua1i~iq a 

dice box and abstracting from it the idsa of 8 true inherent hazard. 

Such an idea involves 

1. at any point of time the Risk has sn exact quantitative 

lnhtrent hassrd. which qmmtity is absolutely independat 

of the method selected for approxirJsting its measurement. 

2. If the inherent hasard were known ezsctly, differences be- 

tween actual losses aad the Inherent hazard would be a 

matter of chance - chance being defFned ostensiwly by 

pointing at a dice box. More about cbaace later. 

The absence of the tizm b~ension from a roll of a dice box and the pres- 

ence of the time element in the usual subject matter of insurance may 
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seem troublesome, but the difference is not thou&t to have acy beazZrrg 

on the significant laaues. 

Bou, rightly or Wrongly, I thlak the bsolc approech to rstsW vhich 

you accept is one which says in effect that the correct price for a risk 

icr 0218 vhkh comprfses the best estbmte obtafrrable of the trot Inherent 

hazard end s suitable eqenee load&g. 

The best estimatae referrsd to abow ace obtained by statistical infer- 

ence from past experience. That is. dice boxes are grouped into clsr 

88s and sub-classet~ according to size, shape, velght, color, or somm 

other attribute vhfch night lead to the surmise that they hare simlkr 

spot potentials and the scores of past rolla are used to estLPrate qua&f- 

btirely the current average spot potential. The heterogeneity of pry 

liminary panpings may be tested by spot ewience and rs-groupings may 

be msde. B ppamih of groupings may be uacrb SO that in effect the en- 

timate for a enbdl group uses Lts ovn erperiencet the experience of the 

next more general group, and so OP. each xith appropriate velghts. 

Fortuitous extremes may be identified by statistical techniques and dis- 

couated. The circamsteoce tbat the amber of dice in a box does not re 

mala constant over long periods map be recognized 5.n the procedure - 

either quantitatively or arbitrarily. The apot experfence of indhidud 

boxes say be wmps+ed with the average experience of their grorq, anA 

statlatlcal infmrences drawn aa to the degxee to crhich these IncU~fdtkal 

boxer differ b spot potential from the arerage. And 80 on. 

Workmats Compensation prospective rating procedure look8 aa though it 

vere such a statiatid pursait of inherent bwda, by state, Ry ln- 
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duetry group, by class, and by individual rlek. Although a comfortable 

majority of the people in the bualness do not hsve the expression "in- 

herent hazard5 in their active vocabularies, I thf&z that those who do, 

lf pressed, vould say they thought the dice analoff applfed to what vae 

being done. 

Moreover, I think that if a professional statistician v5re to 543mine 

the Conpensation rating procedure end read the literature on the eubJect, 

he would be forced to the conclusion that there mmt be this concept of 

inherent hazard l.n the background and that the procedural, steps must 

be someone15 idea of how to PSE the statistics to approrimte its meae- 

urement. mis profesEiona~ StatistiCian might ah0 COnCbtd8 that the 

5tatistica.l techniques used are someuhat crude. that many relationships 

which should be tested end recognized are not beLog tested and recognized, 

that the detail La wany of the rituals da not commen5urate with the pre- 

cision of the answers, that there exe numerous tinsistencies, etc. 

If he were energetic, he might proceed to work on correcting these de- 

ficiencies. 

This statietfcal pursuit of the inherent hazard is about ninety-rAna 

and forty-four one hundredths par cett for the purpose of effecting 

fair discrFminatlon among risks. With the concept of tree inherent 

hasard in mind, the d8gree of euooess with which fair discrimination 

is effected can be revealed by the 1055 ratio varience. With thir tic+ 

boz concept. the loss ratio variance vi11 be the chemce variance increased 

by the contribution to variance made by rating 8rror5. 
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Koreover, refinement in the pur6nl.t of the fnher5nt hazard cost5 money, 

so, qnslitatirely at least, ve could plot the percentage of the cob 

tomarls genius dollar vhich is spent on effecting faFr diecrimination 

against an indication of the results achieved somewhat as follav5: 

'fo spend an ab8OlUte minimum on fair discrimination (Point A) a flat 

premium per policy would be ueed. Under this approach every Bev York 

Workmeals Compensation policyholder would pay a little over $350 and 

receive a card tellitg him he vas tiured. Tte tot&l proceeds would 

be sdeqtiate to cover the benefits and the snaller emeases of handling 

the problem on this basis. 'he maximum percentage of the premium would 

be Used t0 p5.y ~OSEEE. BiE apprOSd!h, hOVeV8r , votxld Mt even satisfy 

those 5ociali5ts who advocate the b approach to -reading loESeS, 

6inca it would barden the little feUov for the benefit of the wrpOrat5 

giants. 
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The next step (Point 9) would involve a single psyroll rate for all 

lndnstri8s. ReSanSbly, this refinement vould mat8rieJJ.p rEdTiC the 

loss ratio Pariaace - at a price. I heardonce that the Wpming 

Monowlistic Fund operated on this ISSIP but have been unable to COP 

firm the ruor with infor?retlon available in the office. This level 

meets the SOC~iEtS’ objeotions to Point A. U2fortunately, it c-t 

be UEtd by competing FiTat mritrS ~d.855 they all baV5 Mdmit8r6 

vho are both i-rant and unprejudiced. It ie unnsual to find both of 

these attributes in the same PndeFrAt8r. 

'i?le next step (Point C) would involve the establishment of a relatiPtly 

f8V, say tventy, ayroll rate classiiicatione. Private Insurance caa 

operate at this 16~61 la the EBI&~ risk field. particularly if it shya 

away from statistician5 and actusries. For the large rick field either 

more refinement or some otier me&enism probably is necessary. 

Ram Point C on there are introduced refined classification meals, 

zamals of clas5ification interpr8tat10n5, fifty-NE StatiStid @La, 

indlvfdual risk rating, indlviOral risk rating exceptions, stamping 

bureaus and atampkg butear. correspondence, payroll ltitation roles, 

psyroll auditors' manuals. special occapstional diS%St proCedrPe6, a 

hundred odd endoreements to mtZ3ET;r”O out a precise amount Of COYtrager 

etc. - all of v&&h reqaire the employment of more people by cafil~r 

ad prodacero to handle a given amount of bUSine56. 

!?he curve has been drawn as a continuous one , convex downward, approachLog 

as an asymptote the ideal. 5itrvLtion in which the rating measures the 
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inherent ba7.a.d sccnratelp and all residual loss ratio variance is dua 

to chance. Tns main objective is to Convey the idea of diminioh* 

returns which ia not alwya hdiatelg obvious when indi~idnal refine- 

ments are being considered. but which la obvious, I believet vhen the 

whole pattern is revlewd. 

The level of the chance asymptote uU.1 depend upon whether it is assmnsd 

that the tail of the curve is a statlsticel pursuit of inherent hazards 

under a given degree of classification refinement or it Is a.aauwd that 

the tail Fcvolves bo*h statistical refinements and classlflcation rsflna- 

Itents. In the latter instance, the asymptote would be the variance which 

you can determine quits accurately from the dlatrlbutfoo of eccldents 

by size of loss. In the former instance it would be canaidsrablp higher. 

It 18 &d%vortby that even if one aOoept8 the -wemiSS that the god Of 

rating procedure Is to gursua inherent hazards (as herelnbefors conceived) 

by ussSg data, statistIca or other, intelligently aad scientifloal17t 

one still ehould atop the pursuit somevhere along the dimi.nlshUg return8 

curve. I don’t think It is sufficient that each suggested refinement 

be evaluated against its coat ladepsndently. Bather. I tilnk some ea 

yet unthought of mechanism for appraising the direction ia vhich rating 

methods arc moving should be injected - although I don’ t hov what or 

bar. 

You haye said that the mean rating error for I?ew York Workmenls compen- 

sation risks Is about 40s (meanFn(; from the lowr asymptote, I aesrrme). 

I don’t know hov much of our .oustowrIe money we are spending ln effecting 

295 



- 10 - 

fati discrimination. but it is more than half of the eqmnsa 108dLng. 

3or is it 'knovn hov tie conparisoz of the k$ error with the amownt ex- 

pe3nded should be nade, but it does aBern prudent to 8sk if ~8 are me-ring 

in the right direction - even g8ntFng the inherent hazard concept. 

3ov it seems to me that the zathenatics you 8re ccrrentlg de~aloping 

are essential17 improved techniques of ImplemantFng the appro8ck to in- 

surance pricbg which has been gkgerly e=lored Fn what has been sat 

down 8bOVe. It is thought you could net e~Laln fuUp ycux davalopmants 

without at some time briying in, ezplicitl~ or *licitlyr the concqt 

of chance- chance ae used by the rdhemstlciens who built up the. theory 

of probabilities. To have an inherent hazard to pursue, it woxld seem 

that there zwt be a residue of camal determimnts vhcse exact nature 

and titerplay remain u&mom but vhich rill somehov produce results 

which can be expectad to vary around a specific central value. 

The conca-pt causes 110 trouble In crapshooting problems, but there is 

8 tremendous difference between the behavior of the Crap shooter and 

the behavior of the Fnsuranca business. The Crap ShOot0r gW% t0 ~633t 

lengths to keep the &NIL causal deter?Jlinants and the limited unknown 

residue separated. He puts a lnrown number of baLanced dice with knovn 

spot configorations in a box and then vlllfullJ operates so that the 

residnsl causal dete-ts will relaain &morn to both himself and 

his opponent. If he is honest, he near moves a causal determinant 

from the unknown to the known. 

2% 
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She insaranca business shows no such self-restraint. It is tiessantly 

subtracting souroes of vazistion from the residue ana pattiq them 3a.t 

the rating manval. 'Ilrers are a number of practical reasons but no ap- 

pment theoretical reasons vhy this activity could not reduce &ance 

to an insigaiflcsnt conaideratlon. Set forth belov are 8 Series Of Step 

whereby one souroe of wriation after another is subtracted from the 

residue and put 5.n the manual. 

1. The fird yesiiun for a Worknen's Coiupsnsation policy 

might be established at the time the palicy is written. 

In tkis Lustsmce, the hazard would enbrace the anBmovn 

YSlme Of a&iYitp 8s an additional SOtoCs Of lOSS 

variatioa. I know of 30 theoretical reason vhy this 

8U@ented hazard voald not be insurable. 

2. The premium can be detersized substantially 8s at 

present on the basis of actual y~yrolla. Compared 

vith (I), the scope of karance has been reduced by 

,tranaferrlng the source of yssiation mentioned above 

from the hazard to the rating gocedare. 

3. The prenimn might be based on act381 payrolls limited 

to the e coqensable wage. Assume further that 

the ratemalrfng method soaehow takes oaxe of the torrent 

medic81 coat level. fhtt, the scope of FPearaace would 

be reduced by transferrixg from the ha-d to the rat- 
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procedure the contribution of Wlationary ad de- 

flationary changes. 

4. Tke premium might be baaed on man hours vith appropri- 

ate chaagus in the ratetiizrg method. Another source 

of vari8tion, the variability cf eqosed hours per 

dollar of limited loay~oll, would be transferred out 

of the hazard and into the rati.q procedure. 

5. Man hours within a classification are not constant as 

respecta hazard. Some people in tie 6810 cl.assific* 

tion spend 105 or mare of their tine ia tranqcrt 

planao. Ths mau boar basis miigt be refined by sub- 

dividing cbasiflcation rates accordiq to vhat the 

employees tie doing. 

Another sourcf~ of vati8tionr cr7U exposure mease'c 

moats, vould be ~tlally transferred out of the 

reeidue. 

6. The rew.iPLng two stages are 0asentlaUy father 

efforts to get good relevant exposure measurements. 

The fractional man-hour baa18 in (5) suggests that 

real progress could be made in tranaferr~ aow?zea 

of variation by usbg man mtintes (or seconds) while 

0-d in activitira I&MI expoee the haul to 4ury, 
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nmn miautea while engaged In actiTitles for which the 

back is aubjsct to atrat, etc. - with appropriate 

ratea far each and all. 

7. Having gotten Qvn to (6) it ahou3.d be paaeibls to 

eumiaate the tW4 el4E4r& and use counts of sit- 

tions. The msnual budldbalsoa to be by kind of in&r7 

s&i by stttmtion. If a ma l4aver hia hand ia ar un- 

guardad metal tatter while the blade is falling, he la 

&most te.rtaFa to hare 1: cut ofr -- say 95$ certain. 

If atrav4lling salesmso 1s Fnvolnd in a plea0 wreck 

he probably will be kiU,ed. h pramian baaed oa “aoditedn 

counts of such ~eqoeur4e" should conbin a leer element 

which would be within l#p or 1s of the ectual. loes4a 

eTen on rsry small riska. After having pursuedfair 

biscrimlaatloa this far, tSI4 lasuraac4 brlsiners will 

haye rated itrrlf out of the Loss&s business. 

I;(arclauy, the proceiural obstacles ceased being merely d2rm.u aad 

became iasurmoua+.able very early ia the serira of steps, so there is no 

real COpC(EcB with tie lower end of the Ladder. The series of steps is 

set forth first to defiae a direction La which rat* procedures may be 

moving and second, to raise a question with regard to your Lnh4raot 

haxrvd concept. PO the second netter first. 

I don't flad a3p inherent haazards here which er4 exact nquantiti4s 

absolutely iadepeadeat of the method selected for apptorimatiry their 
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measurement. n It seems that the method of asroximting their measure- 

ment can be made so absurdly precise as to eradicate Jance enti--617. 

With a large definite permanently segregated residue of unknovn causal. 

determinants such as there is ln the dice-box analogy, I could ration- 

alize the pursuit of *Ae lnhersnt hazard approach to ratemaking and 

understand the logical place your mthematical developmnts have in 

it, eoea though I probably vould be uable to nadarstand the zathemtios 

themselves. Zovever, with a collapsible residue, the use of the "tme 

inherent haza.rdfl as a criterion or standard with tilch to compare a 

pure pr8d.a~ to measure its correctness is very pmzliag. Pertips the 

answer is that the terns "true inherent hazards and “-precisely accprata 

rate" have not an absolute significance, but are limited by the -mea+- 

pressed qualification ‘with respect to the level of rating refinement 

currently ln vogue.~ ‘hen so qnaliffed. the term do not seem to have 

such slguiflcant mean. 

The mar4 fmportant aspact of thfs direction in vhich rating procedures 

might be xade to move la that it may make what we hay4 to offer less 

acceptable to insurance buyers. Be insurance industry may be fladbg 

itself spending more and more of the customers' inoney & u&zing the 

product less and leas what the customers vant to buy. If I were an 

insnraace buyer I would look upon the insurance trsnsaction as a device 

for replacing uncertain outgo vi*& certain outgo (or outgo subject to 

certain upper limits). The transaction would be desired so that I could 

proceed to devote w undivided efforts to butchering, baking, or cendle- 

stick raking with the happy awareness that q ignorance of future fLresr 
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thir&mty liabilities, defalcatlons, etc., was no bar to m turning 

ia a satisfactory operating result. Hence. I would like this certain 

outgo to be in terms of sonethFog convenient for norm1 budget&g so 

that I could establish prices and w my fiscal aifaIrs easily: per 

PayFoll. per gross sales, per store , per gross of candlesticks, etc. 

I don’t thin!c I would went my insurance carrier to spend a lot of money 

fLgurFng out quite closely just about what my losses shopld have been 

and thea billlag me for this approxlszatlon to my actual losses plus the 

cost of servicly them, plus the cost of doing the figuring - puticu- 

larly not if t&e carrier spent enough mosey to do such a good job that 

the whole idea of transferring uncertainty iato certainty was Impaired. 

Heedless to say, this dfscussfoa is confined -metty much to the question 

of rates for the policyholders who w insurance in the popular seas6 

of the word. Some policyholders buy the spreading of their losses in 

tlxe, various ssrvices, etc. 'PDe pricing of pscksges vhich cantaln 

significaat amounts of these ingredients involve a nmsber of other COP 

siderations. 

Of course, the possibility that rating methods will ever be developed 

to the point that the Insurance elenent is perceptibly diminished Is 

negligible, even though the practical limit on refinements seezas to get 

moved back from one year to the next. The immediate difficulty with the 

direction of notion outlined above Is that the conrplicatlons aMoy the 

CUstonelX and probably would annoy them more if they thoU&ht they were 

erpenalve. 
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Granting that it’s impossible to move very far in the direction indl- 

csted. the first question ~&ch suggests itself is why viU.fu.Lly mooe 

Fn that dlrectlon at all. If there is an answer to t3is questlor - 

and there is - the second question is uhy move any farther than necea- 

sary. Why in particolar should supervisory officials push that way. 

lbv izformation seems to be vhat used to brkrg Into being rating refine- 

ments that limit the scope of imn7rance. As soon aa a carrier flnda 

out that it cannot urdervrite freely the automobile busFness that eman- 

ates from a general agent Fn a tovn. Lt vi11 endeavor to bake #at tovn 

set up a8 a separate rating territory. As soon as underwriters find 

out that young drivers produos poorer experience than others, a separate 

classlflcatlon mat be set up in order t!xt a market ca.n ba Lou& for 

that bwine8S. As soon aa the right people find oot that some emmating 

risks we dynamite and others do not, it vtll be necessary to aubdi~ide 

the class in order that the dgnamlte users can find a m&et. Rior 

to the intensified interest in fair diacWtion and other rating 

standards, the iwuranoe industry hacked away at itsell vlth rating co* 

plicationa odly as fast as UadszImiting knovled&e gr8r - nothing much 

to worry about. 

It might seem that a dim view could be teken of rating lav lntsrprata- 

tions vhf& accelerate this complication process. 

Would it be out of order to consider fair dincrimination not a8 80 ul- 

tlrrate goal which mtrst be actively pursued by atatistioal and other mana 

ant11 it la finally reached, but more realistically as a requieitr of 



a good insurance market. As of say -potit of time there must be eno* 

fair discrimination so that substantially all le&tirate buyers can have 

a reasonable choice of carriers. Beyond that point (with incidental ex- 

captions) it need not be pushed. Beturn the onus of Increased wnplexity 

to the leisurely erpsaslon of undemrit3q knowledge. Consider- the 

actual dispersion of loss wtentials within classifications, pticnlarly 

in automobile rating territories , such aa approach seems to be only 

realistic. 

5ere are forces in the lnsvrance market which, if left to ‘~emsrlvea. 

tend to curb the drive toward expensive conplaxity. Agency-prodocfPg 

carriers have to compete for the good will of their agency plants. 

Xrect-writing carrlers cannot sharpshoot the market because of the nece9- 

sity that they retain their business for long periods dtlring vhioh the 

spectiic attributer, of their riska may change. Perhaps these and other 

f&ail53 factors von.U, 19 allowed to operate. keep the level of complexity 

balanced with +&a requirements of the market. 

‘&ken middle pure premitrms Bpd arbitrary percentage c.hsnge limitations 

have been dlscuased in the Compensation ‘aoard Actuarial Committee, con- 

cern has beea expressed fron some quarters that such devices titerfare 

with the determination of correct rates. It is probably reasonable to 

assume that those conramed are either cons~ioosly or mlco~sci0~8ly 

aubacriM.ng to the pursait of inherent hazards theory of ratmaking. 

You have eaid that the Department has not only condoned but has SCtilly 

encouraged such technical inconsistencies because they anban~a the ac- 
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ceptabflity of filed rates vith the buying public. I hsve suggested 

that if swh acceptability is a controlling corsideratioa, then rate 

makers would do well to stat with the marketing -problem Instead of a 

hypothetical statistical problem. In BII rrngoarded moment you once sugc 

gested that so.& an approach be reduced to writing. 

With fair dlscrtiinatioa being interpreted as a requirenenf of a satis- 

factory wket rather than as the ultinate but unatfaizable goal of pur- 

suing inherent hazards, devices which make rating procedaes nore accep 

table to the buying public acquire a new legal stature. The complete 

development of such an aproach would require the tize and attention of 

a great zany people. Eowever, it Is possible to start by r~~ntking a few 

obsamations and, perha~a nncrltlcally, draving Immediate inferences 

from them. Let’s talk about Hew York Slorlrmenls Compensation first. 

1. From the success of the middle pure premium method, it 

might be inferred that a good system should endow a 

going rate with a certain mlid?ty and let it alone 

unless there is a good reason for a change. 

2. From the smcess of arbitrary percentage c&age limi- 

tations, it might be l&erred that a good system will 

not change any rate too much at any one time. It might 

be Inferred further that a direct visible limitation :s 

more convincing than an incomprehensible credibility 

formula. 
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3. Prom v8rloos experiences. althoagh not generally in 

5% York, it c=an be inferred that mUor changes Up 

and down are more annoying than satisfyfng. 

4. horn general considerations it ml&t be inferred that 

the refinement of the system should not be iaconmensur- 

ate vith the inherent limii;ations in protidFng for tie 

uakuown future. If the ZYsUranCe Wusfrp goes around 

with a serious face endeavor- to measure with Calipers 

a cloud Ln a high wind, it is only to be expected that 

rate controversies vill be created by the pretty unach 

Frralerant calipered measurements. 

5. The Jxlstification for a rat8 c?lalp most satisfactorg 

to the general public seems to be an tierstandable 

ansver to the question: are you making mmey or are 

you losing money. The answer, to the extent pssfbler 

should be In regular accounting terms familiar to most 

business men. 

If these vere thou&t to be the more important considerations in setting: 

Up a system Of lrpanual ratamking for Vorknen’s Compensation hSmW8r 

the pl+OCed=8 WOUbi probably be quit.8 differ8Ilt frO!U the Oil@ mrentv 

b 8ffeCt. 
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Let ua asaome that a mamaI. ratemaking procedure were devised 13 term 

af these and similar considerations and that indipldosl risk rating pro- 

cedures were also retallored in terms of more easy buyer acceptance. 

It seem highly Frobable that such a price structure would result 13 

both a better public acceptance of private insurance and a less accur- 

ate meaaarement of hazards. The paradox is very pu?xling. 

Selieve it or not, thisbig tioncluaive letter is not 811 effort to sell 

any prticolar bill of goods. I am honestly qzled by the extent to 

vhlch the set of premises which your mathematics requires actually cor- 

responds with the rata problem. lim.mbattion of this question seam 

to be tied m, with the lssne of pricing objectives. It is felt that the 

Latter issue from the lazg range vierpaint my be of more than academic 

interest. 

Hence, this letter should be considered solely as a means of raisi;?g 

questions. FIease don’t ascribe any i@ied conclusions to me. 

Also, please send ma a copy of the ppe.r you are prw* a8 soon aa 

you have a satisfactory draft. 

Hest regards. 

JCrlln >.& Carleton k- 

I 
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OPERATION OF AN AUDITED-MILE/YEAR 
AUTO INSURANCE SYSTEM 

UNDER PENNSYLVANIA LAW 

Patrick Butler 



National Organization for Women, Inc. 
loo0 1Slh street. W, We 700. Washinpton. CC 2@2355705 (202) 3310068 FAX (202) 7858576 

Date: November 1992 

TO: Readers, The Forum, Casualty Actuarial Society 

From: Patrick Butler, Ph.D. 
Director, Insurance Project 

Re: Practicality of the Car-Mile Exposure Unit for Auto 
Insurance 

The following 29-page review was prepared at the 
request of Pennsylvania legislators, who are considering 
rate regulatory bills that would mandate use of the car-mile 
exposure unit for driving coverages. 

The focus is on individual transactions because the 
questions of convenience and control of odometer fraud are 
generally accepted as an impracticality barrier to a "pay- 
by-the-mile" method of earning premiums. 

The theory behind the car-mile exposure unit is 
straightforward. Since every mile traveled by a car 
transfers risk to its insurer, the product of (a cents-per- 
mile class rate based on the class's per-mile cost 
experience) X (miles recorded on the car's odometer) 
appropriately earns prepaid premium while the car is driven. 

Apparently there has been no other consideration of 
the impracticality issue since Paul Dorweiler's 1929 paper 
on exposure units stated that "[t]he devices and records 
necessary for the introduction of [the car mile] medium make 
it impractical under present conditions.11 16 pcAs 319, 338; 
58 PCAS 59, 78. For this reason, it is hoped that this 
revFcan serve as a framework for renewed, informed 
consideration of the practicality question. 
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OPERATION OFANAUDITED44ILE,‘YEAR AUTO INSURQNCE SYSTEM 
UNDER PENNSYLVANIA LAW 

Prepared by 
National Organization for Women 

June 22,1992 

Executive Summary 

This review examines the practical implications for insurance companies and 
Pennsylvania car owners of converting premium calculation for most coverages from 
dollars-per-year to cents-per-mile class rates. The purpose is to provide an 
operational model for evaluating proposed legislation mandating this conversion 
(SB 775 and HB 1881). Operation of a mile/year system is described through a 
sequence of transactions for a hypothetical car over four policy years. 

Advance payment continues to be required for keeping insurance protection in 
force. Administrative expense and premium for nondriving coverages (theft, fire, 
hail) at year rates are paid at policy-year renewal time. Premium for driving 
coverages (liability, medical, collision) at mile rates is prepaid in mileage amounts 
and at intervals chosen by the car owner. The car’s insurance ID card displays the 
odometer-mile and date limits to prepaid protection. 

Policy renewal is conditional on taking the car to a garage designated by the 
company for the annual physical audit of its odometer. The odometer is calibrated 
and read, and tamper-evident seals are applied at the initial audit. Tampering with 
the odometer voids the insurance protection. 

The possibility of stealing insurance protection under the mile/year system is 
explored. Control measures are described using two examples: a lO,OOO-mile roll 
back and stopping the odometer for 10,000 miles. (Driving with the cable 
unhooked, surprisingly, does not steal insurance protection, because it usually would 
be detected after an accident and tampering voids protection.) 

The opposite possibility under the current year system is examined: 
policyholders having to pay premiums during nondriving periods when their cars are 
not consuming insurance protection and do not need it. Current “suspension of 
coverage” provisions for periods of non driving appear to be cumbersome, 
inadequate, and inconsistently applied. The present administrative handling of 
premium refunds for non-driving periods is compared to the mile/year system’s 
automatic response to non-driving periods. 

The review concludes by examining compulsory-insurance enforcement and 
compliance under the year and mile/year systems respectively. Attention is given to 
the negative effect that year-system enforcement has on ability to pay for insurance 
in comparison to the positive effect of the mile/year system on car owners’ ability to 
comply with requirements. 
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OPERATION OF AN AUDITED-MILE/YEAR AUTO INSURANCE SYSTEM 
UNDER PENNSYZVMU LAW 

Prepared by 
National Organization for Women 

June 22,1992 

I. Introduction 

This review examines the practical implications for insurance companies and 
Pennsylvania car owners of converting most automobile insurance coverages from 
year to mile class rates, The purpose is to provide a framework for evaluating 
legislation mandating this conversion from one-part to two-part pricing: from time 
rates only to a system using both distance rates and time rates. The legislation, 
which has been introduced in the Pennsylvania Senate and House and is under 
consideration in other states, would add one sentence to the state’s Casualty and 
Surety Rate Regulatory Act: The exuosure units for calculation of private passeneer 
automobile insurance uremiums at the atmrcqrtate classification rates shall be the 
mile bv audited odometer readings for driving coverws and the vear for nondriving 
coveraeeLl 

The review assumes that this amendment is the only action by the Pennsylvania 
Legislature that would be needed to change prices for on-the-road coverages from 
dollars per car year to cents per car mile. 2 The methods of conversion and operation 
can be decided by the individual companies, constrained only by existing law on 
insurance and motor vehicles .3 Self-interest and competition on service should 

1. Identical bills--Senate Bill 77.5 and House Bill 1881--were introduced in the 1991-92 
Pennsylvania General Assembly and referred to the iusurauce committees. 

Premiums for driving coverages charged at mile rates according to odometer readings is a method 
that works with any amount of coverage and all risk classiicati~ns. To calculate a premium: multiply 
the rate for the car’s class (say 4 cents a mile) by the odometer miles of protection needed (say 10,OCKl 
miles) over a time period (say one year). ‘Ihe resulting premium: $400. For urban residents with the 
same coverage at a 9-ant rate, the premium for 10,880 miles protection would be $900. 

2. Some regulatory changes would be necessary, however, because regulation of automobile 
insurance transactions is specific in some areas. Changes would be needed in current specifications for 
the insurance ID card contents, for example, and also regulatory review and approval would be needed 
for new policy language regarding odometer fraud. 

3. For example, the mile rate for each classification and coverage would still be held to the 
Casualty and Surety Rate Regulatory Act standard that ‘[rlates shag not be excessive, inadequate, or 
unfairly discriminatory.’ 40 P.S. Sec. 1183 (d). 

NOW holds that, as an expression of public policy, this chief provision of rate regulation against 
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assure development of company systems that are efficient, convenient and credible 
for consumers, and that effectively control premium fraud. 

To test the operation of a mile/year system, it was judged preferable to study 
one method in detail rather than attempting to anticipate a range in methods that 
may be developed by individual companies. The test system is intended to be a fully 
functional prototype. System specifics, such as provisions in the insurance contract 
relating to odometers, are intended to help focus discussion. 

As an introduction to its operation, the mile/year system selected is described 
in w (page 3) through a sequence of transactions for a hypothetical car over 
four policy years. 

Section (page 12) examines the methods of odometer auditing and the 
possibilities for fraud, in preparation for the next section on theft of insurance 
protection. 

m (page 14) explores the possibility under the mile/year system of theft 
of insurance protection by policyholders tampering with their odometers, and 
describes measures taken to prevent it. 

&&RY (page 20) examines the opposite possibility under the current system: 
policyholders having to pay premiums during nondriving periods when their cars are 
not consuming insurance protection and do not need it. The section describes how 
insurance companies now provide premium refunds for some kinds of nondriving 
periods, but not for others. The present administrative handling of premium 
refunds is compared to the mile/year system’s automatic response to non-driving 
pXiOdS. 

The final section (action Vk page 26) reviews compulsory-insurance 
enforcement and compliance under the year and mile/year systems respectively. 
Attention is given to the negative effect that enforcement has on ability to pay for 
insurance under the year system in comparison to the positive effect of the 
mile/year system on car owners’ ability to comply with requirements. 

(continued) 
ccst&iftiug among polieybolden requires the use of distance rates rather than the current time rates 
for driving coverages in auto insurance. pridng. The Insurance Commisioner, however, denied illegal 
cost-sidflhg iu &u&r& NOW v. Q&&na, and was upheld by the Commonwealth Court, 5% 
A.2d 1162 (1988). The evidence and NOW’s response to the decisions are presented in three papers 
published by the Journal of Insurance Regulation: Butler, Butler, & Wiiams, Ser Divided MiZeage, 
Accidcn~ And Insurance Cost Data Show lhat Auto kwws Overcharge Most Women, 6 J. INS. REG. 
243, 373 (1988); Butler, Butler, & Wiltiamq Insumnce Depanment ‘Catxh-22’ Shields Auto Insurers 
Fm Cwuumer C%ai&Jes, 7 1.1~~. Rffi. 285 (1989); Butler & Butler, Driver Ream-L A Political Red 
Hening lkzt Rewab the Bade Flaw in Automobile Insumce Pnking, 8 J.Ih’s. RED. ulo (1989). 
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AUDITED-MILE/YEAR SYSIFM I. Introduction ( 3 

A subsequent paper will treat topics, such as ratemaking for conversion from 

year to mile units of exposure, that would be of direct interest to auto insurers but of 

less immediate concern to most legislators. 4 Work is also continuing on other 
related topics such as effect of the mile/year system on policy contract provisions 

that include accidents in a rented car under coverages for an owned car, and on 

arrangements for protection of lien holders’ security interests. 

II. How a mile/year svstem ooerates: an example 

Automobile mechanical breakdown insurance (“service agreement” or “extended 
warranty”) uses units of distance and time (miles and years) to measure and price 

insurance protection.5 It thus provides a model for the mile/year auto insurance 

system. Contract language from a mechanical breakdown policy for used cars 

(Exhibit A) gives the necessary rules for measuring protection with an odometer: 

WHENANDWHEREYOUAREPROTECTED 
Protection included in the Plan YOU select is available as soon as YOU 
receive this Agreement. 
**** 
This Agreement expires 12 months after the Effective Date or, when YOUR 
CAR registers 12,000 miles more than the Odometer Reading at Inception, 
whichever comes first. 
l *** 

WE will not pay benefits if the odometer of the covered vehicle has stopped 
or been changed. 
**t* 

4. The paper Making Mile Rates for Automobile Insumnce is in work. The proposal for doing 
the paper was accepted by the Casualty Actuarial Society in December 1991 as a candidate for the 
society’s ratemaking seminar in March 1993. 

The current method of determining the cost per claim does not need to be modified if 
appropriately applied. (Cost per claim = total cost of claims/total number of claims.) The mileage 
information needed to determine the claims per mile rate for each driving coverage is not collected at 
present but will be after the conversion. (Claims per mile = number of c&x./number of miles 
driven.) The paper will examine ways in which the information can be determined in advance with 
sufficient accuracy for making the conversion. The cost per claim multiplied by number of cfuims per 
mile equals the per-mile cost of providing protection. For example, with an average cost of $2COO per 
claim and one claim per lOO,OKl miles, the mile cost for one coverage may be calculated: $2,COO/claim 
x 1 cIaim/1OO,CH3O miles = $.02/miIe. 

5. The Pennsylvania insurance department regulates the rates and policy forms for mechanical 
breakdown insurance as for all other types of automobile insurance. Premiums for a policy on a used 
car can exceed SMO (4 cents per mile) for a 12,CKWmile/l-year protection period. 
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4 ( AUDITED-MILE/YEAR SYSIEM II. Lhzmpte operation 

EXHIBIT A 
Mechanical breakdown insurance policy 



AUDWED-MILE/YEAR SYSIFM II. C-ample operation 1 5 

This Agreement may be terminated as follows: 
- WE will terminate this Agreement for non payment of the Agreement 

charge. 
- WE will terminate this Agreement if the odometer is disconnected or 

altered. 
- If this Agreement is terminated, YOU may be entitled to a refund for the 

cost of unused protection. Unused protection is the lesser of the unused 
days or the unused miles of protection available. 

- In the event YOU initiate a termination, a $10 service charge will be 
deducted from the refund. 

The same kind of policy conditions apply to coverages under the mile/year 
system: insurance protection is strictly prepaid (as it is now); consumption of 
driving protection is measured in distance units; consumption of nondriving 
protection is measured in time units; and odometer tampering voids the driving 
coverages. 

Unlike the mechanical breakdown policy, however, the mile/year insurance 
system routinely renews mileage and time protection periods. Mileage renewals are 
in amounts and at intervals chosen by the policyholder, while the time period for 
renewal is the policy year. Policy year renewal is conditional on complying with 
company requirements (as it is now), such as providing rating information in the 
renewal application. An important renewal requirement in the mile/year system is 
taking the car for an annual physical audit of the odometer and its seals as directed 
by the company. 

From the policyholder’s perspective, the transactions that take place over a 
policy year are: 

Before end of previous policy year, the policyholder 
l Receives annual audit and renewal notice with premium bill 
l Obtains physical audit of car’s odometer 
l Pays dollars-per-year premium for nondiving coverage and fixed expense; 

buys miles of driving coverage needed at current cents-per-mile rate 
l Receives car’s insurance ID card showing the odometer and date limits to 

prepaid protection 
During policy year, the policyholder 
l Buys additional miles needed at current cents-per-mile rate 
l Receives car’s insurance ID card showing the revised odometer limit to 

prepaid protection 
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6 1 AUD~?IID-MILE!/Y~%R S~sreht II. Example operation 

To demonstrate operation of the mile/year system, the following hypothetical 
example (Exhibits B through E) tracks the insurance transactions for a single car 
over nearly four policy years. 

Exhibit B. The sequence of transactions, which begins with 3,000 miles on the 
odometer when the car is acquired and ends with its sale at 37,000 miles, is shown in 
a graph of odometer readings vs. time. 

The upper, stepped plot shows miles of insurance protection bought. Vertical 
segments of the “miles prepaid” line represent purchased miles of protection and are 
located at the dates on which the premium payments are credited. Each horizontal 
segment represents the odometer limit to prepaid protection until additional miles 
are bought. 

The lower plot is a “miles driven” line connecting the odometer audit points. 
The line segments between audits represent average driving exposure, expressible in 
miles per day or miles per year. (A plot of the actual miles of exposure, by which 
the policyholder consumes prepaid protection and the company earns premium in 
providing it, would vary in slope between horizontal for periods of no driving to 
steeply positive--e.g. 500 miles per day--for long trips. A day-by-day plot of 
odometer reading, nonetheless, would also pass through the odometer audit points.) 

Exhibit C. The insurance ID card, which the company is required by law to 
provide for each car it insures,6 communicates the car’s insurance status to the 
policyholder by prominently displaying both the mile total of prepaid protection 
(expressed as an odometer reading) and a policy year renewal month. 

Exhibit D (& Exhibit B). A table of the transactions between policyholder and 
company for the example car lists the premium payments and audits over the four 
policy years examined.7 (Transactions are keyed by number to the odometer vs. 
date graph, Exhibit B.) 

The first transaction takes place on March 15. 1991, when the new owner takes 
possession of the car. Its odometer reads 3,000 miles and the owner buys 12,000 

6. 75 Pa.C.S. SW. 1782 (d) and 31 Pa. Code Sec. 61.23 et seq. 
7. The issue date of the ID Card is assumed to be 7 calendar days after the later of: 1) 

oolicyholder mailiw of the renewal aoolication with any premium paid: or 2) the odometer audit. 
iThi; time accoua& for internal co;pany processing; kuding iranimittal of odometer audit 
information from vendors.) Receipt of the ID Card by the policyholder is taken as 4 days after the 
issue date. 
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AUDITED-MILE/YEAR SYSTEM II. Example operation 1 I 

EXHIBIT B 
Transactions For Example Car 
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miles of insurance protection. The company provides a binder as proof of insurance 
pending issuance of an ID card, which is contingent on completion of the initial 
odometer audit and sealing within 30 days according to company rules.8 

8. It is assumed that non-conformity to policy contract conditions would constitute valid cause 
for nonrenewal at the end of the policy year and the within-HI-day cancellation period permitted for 
new poIicies. 40 P.S. Sections llXl8.4 and lW8.6. 
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8 1 AUDiTFD-MILE/YITARSYS~E~~ IL Example operation 

EXHIBIT C 
Insurance ID Card For Example Car 

Fitwncial Rwpcmlbility ldantificatim (ID) Card 

InsurmcaCarplny"mm capany natxr ,nwrancI policy I 

lhlmd inwred wrers 

Vehicle Make N&l vehicle Idew. II-r WIN) 

ID Card * woteetim s&a on 
it.9 L* 

w 
Josw 0 tr; adaste 

,.,.:I ,&j &,* 

Cdcmeter mfla Date 

3,700 AFR-13-91 

* IO CARD IS NOT VALID AFTER MILE OR KIN11 LIMITS SHWN, OR IF MtllETER STWS. 

If I linlt is mached, the car is NOT insured (IS rcqirsd by Pcruwylvania 
Lau. DO NOT DRIVE IT mtil more insurmca is purchesed. If the WCMETER 
STOPS, telsphom your inrursnee capany for instructions before driving. 

(back of card - raqulrcd statemnfs, 31 P&Code 67.24) 

This card must be carried for productfcn qm dmml. It is suRgested that 
you carry thIR card In the insured vehlcls. 

"ARWING: Any omer or ragirtrat of e amtar vehiclr uho drives or prmits 
e motor vehicle to ke driven In this State without the required flnsnclsl 
mpaslbility may hRve hiR reglstratfm suspsndcd or revoked. 

NOTE: THIS CARD IS REWIRED UHEN: 
(1) You are involved in *n auto accident. 
(2) You WC cmvlcted of e traffic offar other than II perking offense 

that requiraa a court eppaarbnce. 
(3) Ycu we stopped for violating any prevision of 75 Pa.C.5. Wclatlng 

to the Vehfcla Co&) *Id requested to prc&cc it W a pcllec offictr. 

Yw must provfds a copy of this card to the Department of Trensportatim when 
you reqazst restoratIon of your cperatlng privilege and/or rwistratlcm 
privilege which has been prevfcusly susperded (lr retied. 

After the first odometer audit on April 13, 1991, which shows that the car has 
been driven 700 miles since purchase, the company issues the ID card, Exhibit C. 
There are no further transactions until February 1992, near the end of the 1st policy 
year. Along with the renewal application form, the company communicates the 
1992 mile rates and bills for any year-rate charges for the 2nd policy year. The 
policyholder, however, is responsible for buying sufficient miles of protection at miZe 
rates for the anticipated use of the car. 
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AUDITED-MUE/YPAR SETIN II. Example operation ( 9 

EXHIBIT D 
Transactions and ID Cards For Example Car 

1ST POLIC" "EAR ,991 
nar-13 F,\h epq,,cat,m far iluurvr. cm f., miwJ prChU.d. 

#I nar-15 P.y. cm-yw.r sh.rs.8 p1w 12,000 c.r ml," Of pcotecrh et 1991 ret., vh,Ch w3d.d to th* 
3,000 m admew (ml rem-dad a Ott* et trensfcr) puts a limit o&meter reedin of 15,000 
nib. Oetl bin&r a proof of IIIIWUT. pmdinp .udltiq m-d r..lf~ th. odcnrter wd receipt 
of th. In.w.nc. IO C.fd. 

#2 Apr-13 7.k" a.? for OdQlt.r .Ldit r.q‘ir.d bv Cc.&"",' "ithin m. mmth of initlatlm Of I".w.nc. on 
SW. 0dmot.r reed8 3,700 ml," 

Aqpr-2‘ R.celm th. Im.ury~c. 10 C.rd, blv., It.ud Apr.20 by CqwY 
. . . . . . . . . . . . . . . . . . . . 1. . . . . . . . . . . . . . 1. . . . . . . . . . . . . . . . . . . . . . 

&ts c&mtsr audit don. on 

. . I . . . . . . . . . . . . . . . . . . . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I . . 
2YO POLICI "EAR 1992 

r.b-28 R.c.iw. www.1 yrpllc.tion. bill ulth cwrmt c.r-mlie md car-y..r ran, end notlc. the 
conpml cda9et.r udit is du in Mm*. 

# "ar-07 lskn c.r for cdm.t.r .dt prforn*d by Cawanq-.winr.d, lic.n..d, @lit 9~09.. Mmeter 
reds 13,000 ml!.., *Iich 9.~2. rqwt. to Cnpny 

war-01 SW& Colrpny praaful for cw-wr ch.rpn plw 10,000 c.? nlln of pr.t~rim. which increas.. 
th. mll.w. limit frm 15,OW t. 25,000, wd cm~+l.ted rmw.L ~lic.tim 

114 ~a,~,‘ R.c.i~es th. inrur.w. IO Cerd, belou, isrd by Cm,mv "m-10 
. . I.. . . . . . . . . .* ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 

3Ro POL*n ".~ .,pbj . . . . . . . . . . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

#&r-Or koceivn rmwd .plfe.tfm, bilL with currmt c.r-mile and car-y..r r.t.., wd raticc th.t 
Cnpny odQlter edit Is he in L(.CCh 

“m-19 Semi. corpny prriu for e.r-y..r ch.r9.. d co"@.t.d r-1 .~lie.tim <rays for ID 
xbditiaul milewe) 

15 "ear-23 ,.k" 5.r for cdm.1.r check ~rf0rm.d by COI*Yn*-q,dnt.d, Ile.n..d, Palic 9.r.9.. Cdc.,.tcr 
read8 21,ooo mim 

Appr-03 Rsei~n th. Itw,r.w. ID C.rd, kdw, irtued "w-50 
. .I... ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..I. . 

. . . ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .a. 
Jul-OS terds pajmnt for 4,000 atMit,on, car nil" Of prot.ctim .t currant lW3 csr-rail. wt.., 

uh(ch iocr..... the @iI.e~. 1Wt from 25,CuYl t. zP.WO nil.. 
116 Jul.12 Rrc.iv.8 th. lnwrmc. IO W-d, belo*. i..ud Jut.C3 

. .I... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ,. . . . . . I. 

I . . . . ., . . . . . . . . . . . . ,. :. . . . . . . . . . . . . ,. . . . . . . . . . . . . . . . . . ..I. 
Ott-05 Suds pmmnt for 4,ORO dditiciul c.r miln of prowctim .t cwrmt 1993 err-mile r.t**, 

which Incr..m th. q il.w~. Iiait frm 29,000 t. IJ.wO mile. 
17 Ott-17 I.~.iv.. the 110"r.n~. IO Urd, beLow, il.ud I*,.l, . . . . . ., . . . . . . . . . . . . . . . . . . ,, . . . . . .I . . . . . . . . . . . . . . . . . . . . . . 

I 21,000 IUI-25-93 

47" POLIC" YEPi 
I* . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . 

,994 
F.b-27 IHI~WS r.,w,.l qqAic.tim, bit\ with cwrmt c.r.wl. .W CW-y..r ,.t.s, and notics th.t 

C- cdmmter edit is dm in IWrsh 
y8 UP05 7.k.. c.r for -t.r check p.rfom.4 b" C-.w,mnt.d. 1ic.m.d. pubtIc ,,.rao.. 0,met.r 

r.ada 31,ow miles 
Mar-13 SW& Crrpny prrim for CW-yew ch.rgn plu P.ooO c.r mil.. of protcetfon. which for..... 

th. niIo.9. limit frca 33,LWO to 42,000, .nd cq1.t.d r.nw.1 ypllc.tim 
W II.r-24 Receiwa th. Irrurmc. ID C.rd, b.,w, I.su.d M.r-20 

.I... . . . . . . . . . . . . . . . . . . ., . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

. . . 
I10 s.p-20 err I, Iold. 

I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3. . . . . . . . . . . . . . . . . 
Capy wiv.. @yric.L 0hmt.r Wdit for rrfwd v*rific.tlm bK.u* a.,* ir to 

. 1ic.Pa.d d..t.r. ccqnny .a.pt. o&.wr.r redin Of 37,000 r.cor6.d on *r.n*f.r tit,.. 
which i. ffld dth th. .t.t., t. c.lsu1.t. r.tum pmiu f.r uxwd mil.. of in.ur.nc.. 

0.x-i Receives refund far 5,000 ailn ( = 42,OOU - 37,000) at 1994 ret* plid Mar-13. 

I W-20-94 ml' [ml* 31,OM IUR-05-94 
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II. Example operation 

The policyholder buys more miles of protection at the beginning of the 2nd 

policy year, but does not buy any at the beginning of the 3rd policy year. Twice 
during the 3rd year, however, the policyholder buys more miles of protection at the 
1993 mile rates in effect. 

At the time of the 1994 renewal for the 4th policy year, the policyholder buys 
more miles of protection in expectation of continued higher car use. The car is sold 
in September, however, leaving the policyholder with a premium credit for the 

unused miles of protection This credit can be applied to premium for another car 

on the policy, used to buy miles of protection for a replacement car (at a different 
mile rate if coverages change), or refunded to the policyholder. 

The number of transactions, in general, differs between the mile/year system 
and the current year system. Although the physical audit required by the’test system 
is a mandatory annual transaction, the number of payment transactions can be 
decreased or increased according to the circumstances of the policyholder. In 
Exhibit E, this difference is assessed by comparing transactions for the two systems 
in the 2nd and 3rd policy years for the example car. In the 2nd policy year payments 
are as large and infrequent as possible under both systems to minimize the number 
of transactions. During the 3rd policy year, however, smaller and more frequent 
mileage purchases are compared with a typical extended-payment plan for year-rate 
premiums9 Under the mile system the number and size of payments chosen by a 
policyholder are constrained only by company rules and charges, such as a one 
thousand mile minimum purchase and a $3 transaction fee.1° 

9. This paper uses the current State Farm system, detimed in the company’s 1992 Pennsylvania 
manual of rates and rules, as typical. The State Farm group is the laqest in Pennsylvania with nearly 
1.3 million vehicles insured in 1989 (20.2% of market). PWN. INS. DEPT, I’&& Prrssenger M&v 
Vehicle Single Ctiw Shdy for [Philadelphia), (1991) Exhibit 3. 

10. The question may arise as to the permissibility of hoarding a large amount of prepaid 
mileage in anticipation of a sharp rise in mile rates with inflation in medicat and automobile repair 
costs. The company may put rcatrictions on the amount and may also choose to limit mileage purchase 
amounts during the time following fling of proposed new rates with the Insurance Commissioaer- 
when increases become public--until the new rates take effect. The time between filing and 
implementation is generally at least 60 days, as set by the Motor Vehicle Insurance Rate Review Act, 
75 Pa.C.S. Sec. 2003. 

On the other hand, insurers may simply zero everything out at policy renewal time. That is, credit 
Ihe insured for the dollar amount actually spent on miles not driven, then charge the rates in effect on 
the renewal date for the miles to be covered by the renewal policy. 

Transaction fees charged for installment payments arc currently $2 by State Farm and $3 by 
Geico. 
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EXHIBIT E 
Mile/Year and Year Transactions Compared 

lINIW ANNUAL TRANSACTIDRS 

MILE/YEAR SYSTEM - 2nd Policy Year in Exhibit B ECUIVALENT IN CURRENT YEAR SYSTEM 

Awl c&meter audit 
(Mileege Limit/policy year ID Card issued) I I I 

MI 

I I 
Returns polfcy yew reapplication with praafun )UR Returns policy yew reapplication 

xc pa-t for w year charges plus praniun for 
I I 

and pays 1st semiamusl premium 
mileage roeedcd at mile rates (l/2 year ID Card issued) I 

SEP Paya 21-d seal-1 pramfun 
(half-year ID Card fswed) 

I EXTENDED PAYMENTS TRANSACTIM(S* 

HlLE/YEAR SYSTEM - 3rd Policy Year in Exhibit B EWIVALENT 1N CURRENT YEAR SYSTEM' 

MAR I I An-a&l odonrtcr audit (ID card fsswd with 
I#5 odomter mile and nxnth limits to protection) I I 

MAR Returns policy year reafqalicatfon with any K4R Returns policy year reapplication 
yew charger (Pays rm prmiun for car miles at-d pays 50% of 1st semiewal 
because sufficient uused milewe Left tram premium 
2nd policy year> (112 year ID Card issued) 

JUL Pays for additiawl miles (ID card issued with HAY Pays balance of 1st semieM premium 
#6 cdmetcr mile and mmth limits to protection) 

I I OCT Pays for additfceal miles (ID card issued with SEP 
t7 c&meter mite and month limits to protection) I I 

Pays 50% of 2nd remfsnn premium 
(l/2 year ID Card issued) 

I I NOV I I Pays balance of 2nd SemiaM premium 

l State Fan" IlanUL Ru(C 104 o" 
Rewual of Policy 

320 



12 [ AUDITED-MILE/YEAR SYVEM III. Odometer auditing 

III. Q&mete . . r audrUllg 

Regular company audits are essential to the integrity of a mile-rate auto insurance 
system.ll In parallel with the mechanical breakdown insurance provisions 
reproduced in Section II above, the test system’s policy provisions on odometers are: 

The policyholder must submit each car covered by this policy for an 
odometer inspection and reading by the Company or its contractor when 
first insured by the Company, and thereafter annually prior to the end of 
each policy year. The Company may cancel or refuse to renew the policy if 
the odometer inspection requirements are not met. 
Driving coverages for any car under this policy are automatically void and 
afford no protection if the car’s odometer: 
1) Registers more miles than the limit paid 
2) Has stopped and the Company has not been notified before further 

use 
3) Has its Company seals broken or tampered with 
4) Has been altered in any way that changes the calibrated operation. 

Since the purpose of these provisions is to assure that the company receives 
advance payment for all of the on-road insurance protection it provides, monitoring 
compliance is the primary function of periodic odometer auditing. 

An important secondary purpose of auditing is to provide accurate exposure 
data for ratemaking. Through overall and class-specific aggregations of actual, 
individual averagel* car mileages over given time periods (month and year), it is 
possible to relate miles of exposure to the claims aggregated in the same classes and 
during the same time periods. This would produce the necessary per-mile claim 
rates (claims per mile) for making cents-per-mile premium rates.U 

Odometer audits are dated, independent (non-policyholder) odometer readings 
(the “audit points” of Exhibit B, supra, page 7). Two kinds of audits are used in 
the test system: physical and documentary. 

A physical audit is performed on the car at the direction of the company by 

11. ‘Audit to examine with intent to verify.” Webster’s New Collegiate Dictionary (1980). 
12. The audit lines connecting the audits for individual cars (Exhibit 8) represent the average 

daily mileage of the car for the interval between audits. 
13. It is worth noting that claims data on a per-mile basis would for the first time allow class and 

territory cost comparisons normalized to a common statistical basis that quantifks exposure. 
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AUXIED-MIL@~Y~ARSY~~~M III. Odometer auditing 1 13 

employees or vendors, and includes inspection of seals, calibration, and reading.14 
Odometers are sealed for the detection of tampering and the initial audit includes 
application of tamper-evident seals. (Serialized one-way adhesive seals witness the 
integrity of cable connections and of the dashboard mounting of the meter itself.)15 

Documentary audits are reviews of the odometer readings that are performed 
through transactions between policyholders and 3rd parties, e.g., the readings made 
at the transfer of ownership and attested to by both buyers and sellers on the title 
certificates.16 There are a number of other transactions involving automobiles that 
provide information for auditing. For example, the Pennsylvania consumer code 
requires garages to record odometer readings on work orders when cars are 
accepted for repairs and again when they are returned to owners.17 

14. Inspection of cars applying for physical damage (Collision and Comprehensive) coverage is 
required by law in New York and California, and is under consideration in other states. In an opinion 
survey of car owners, 83% of respondents would be “very or somewhat willing” to take their cars to an 
insurer for inspecting and photographing when takiig out a policy. INS. RESEARCH COUNCIL. i-bbk 
Attitude Monitor 1991, page 12. 

Technical columnist Armando Castehii, who is an insurance educator and New Jersey broker, 
noted that the inspection of cars by insurance companies (“undetwriting report”) is ‘something almost 
all companies have discontinued with the predictable results that (1) insureds lie about the use of their 
cars and who uses them, (2) producers lie about their clients to ‘low-ball’ premiums, and (3) the 
insurance companies overcharge the large majority of policyholders to make up for the sloppiness of 
the system.” INS. ADVOCATI?, May 4 1991. 

In opposition to New Jersey legislation mandating company inspections of newly covered cars for 
physical damage coverage, Allstate Insurance estimated the cost at SU per car. The maximum charge 
for an emissions inspection ln Pennsylvania is S8. 75 Pa.C.S. Sec. 4706 (d). 

15. Tamper-evident, serial-numbered company seals made of flexible film face stock are 
attached with strong adhesive to the ferrules and casing at either end of the odometer cable. Any 
attempt to turn a ferrule to detach the odometer cable visibly tears the face stock. 

The cost of these seals in quantity would be 2 cents to .5 cents each, according to Valley Forge 
Tape and Label Co., Exton Pennsylvania, May 19!X?, for a total at of 15 cents per car at most for three 
seals. 

16. Title certificate odometer readings gain further validity through state law for controlling 
odometer fraud in car sales: 

75 Pa.C.S. Sec. 1105 (c) Title transfer odometer readmgs--The department shall compare 
the odometer reading of the vehicle each time a certificate of title is transferred and 
ascertain the reported mileage against the most recent previously reported mileage for the 
vehicle, 
Such a review presumably would screen for a decrease, or an abnormally low increase, in the car’s 

reported mileage from a previous transfer. 
A PennDOT pamphlet Odometer Roll Backs distributed by the Office of Attorney General, 

Bureau of Consumer Protection gives instructions if a car buyer suspects fraud to write the Bureau of 
Motor Vehicle & Licensing Information Sales for “a photocopy listing previous title holders, their 
addresses, and in some cases, the car’s mileage at the time of sale if PennDOT has such information 
available.” Pub. 160 (2-g. 

Dealers “shah retain for four years each odometer mileage statement which he receives. He shall 
also retain for four years a photostat, carbon or other facsimile copy of each odometer mileage 
statement which he issues.’ 75 Pa.C.S. Sec. 7133 (a). 

17. 37 Pa&de Sec. 3015. The hvo readings control unauthorized use of the car while it is in 
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14 1 AUDITED-MILWYSSR SYSITSI III. Odometer auditing 

As a condition of annual policy renewal, the Company requires that a physical 
audit be done on each car it insures. The odometer readings and dates of these 
audits are included on the insurance ID cards, Exhibit C. Policyholder convenience 
is served by specifying renewal months rather than deadline dates.18 Repair garages 
view the audits on behalf of insurance companies as a business opportunity.19 

To secure insurance on cars just bought, a copy of the title certificate or mileage 
disclosure statement from the seller provides the initial odometer reading lo the 
insurance company for binding coverage until the initial company physical audit is 
done, within 30 days. 

IV. wrotectim 

Stealing protection from auto insurance companies can be done in several ways 
under the mile/year system: biasing the drive train to make the odometer read low, 
resetting the odometer, and stopping the odometer. Federal and state laws against 
tampering with odometers penalize these prohibited activities with fines and jaiL20 
This section describes procedures used in the mile/year test system to control theft 
of insurance. 

(continued) 
the custody of the garage. 

18. With most or nearly all of premium charged at mile rates, there is relatively little per-year 
premium put at risk of non payment in the mile/year system through extending the effective due date 
from the anniversary within the month to the end of the month. 

19. Sworn testimony by an -et of a garage licensed to do state inspections. The charge for 
odometer seal@, calibration, reading, and reporting to an insurance company was estimated at less 
than $10. Reproduced Record, w NOW v. Ins. D@, of Pennsvlvanig Commonwealth 
Court, (No. 1276 CD. 1987 and No. 276 C.D. 1988) at 24Jla. 

20. Federal Odometer Ad of 1wZ (15 U.S.C. Sections 1901, 1981-1991); Pennsylvania Vehicle 
Code (75 Pa.C.S. Sections 7131-7159). 

Section 7132 of the Pennsylvania vehicle code 75 Pa.C.S. states: 
Prohibited activities relating to odometers. 
(a) Devices causing improper odometer reading.--No person shall advertise for sale, sell, 
use or install, or cause to be hstahd, any dcdce which causes an odometer lo register any 
mileage other than the true mileage driven which is that mileage driven by the vehicle as 
registered by the odometer within the manufacturer’s designed tolerance. 
@) Change of odometer reading.-No person shall disconnect, reset or alter, or caue to be 
disconnected, reset or altered, the odometer of any motor vehicle with intent to change the 
number of miles indicated on the odometer. 
(c) Operation with disconnected or nonfunctional odometer.--No person shall, with intent to 
defraud, operate a motor vehicle on any street or highway knowing that the odometer of that 
vehicle is disconnected or non-functional. 

Summaries of twenty years of odometer-fraud case law, as well as federal and state statutes and 
regulations, are contained in: NAT% CONSUMER L. CENIFR, Odometer Low, (19%) and Odometer Law 
Cumulative Supplement (1991). 
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Surprisingly, keeping the odometer cable unhooked for much of the time, and 
resealing it with a stolen or counterfeit seal before the next company audit is 
unlikely to result in significant theft of insurance protection. According to the policy 
provisions of the test system, a car operating with the odometer disconnected is 
simply being driven without insurance: no mile-rate premium is being earned and no 
protection is being provided.*l Even if disconnecting and reconnecting of the 
odometer should go unnoticed, there is no theft of insurance protection. If the 
odometer is sealed and operating, premium is being paid for the protection 
provided. 

Low-reading odometer. Odometers can be made to read less than the actual 
mileage driven without breaking any seals by increasing tire sizes or decreasing axle 
ratios. The premium savings, however, would appear to be small compared with the 
effort, the risk of severe federal and state penalties for odometer fraud, and the 
adverse effect on the car’s operating characteristics.” The policyholder would have 
to switch from standard to larger wheels or a higher axle ratio after the annual audit 

and calibration, and reverse the change before the next annual audit. To cut the 
mileage readings about 10% from actual distance traveled would require a 2-inch 
increase in tire diameter. The car’s insurer would be defrauded thereby of $100 for 

every $1,000 worth of protection provided. If the use of oversized tires to steal 
insurance protection should ever become a problem, however, it could be controlled 
by recording the tire size on the insurance ID card with the warning that use of a 
different tire size without a recalibration voids the on-the-road protection. 
Switching drive axle gear ratios before and after each annual audit would require 
even more effort than changing tire sizes, but can be controlled if necessary by 
application of a single seal to the axle housing. 

21. Protection would be received without premium payment only for accidents after which the 
policyholder was able to reconnect and seal the odometer without beiig observed. 

Although using a car with the odometer cable unhooked is not stealing insurance protection 
because protection does not exist, use of a car in thii condition violates the compulsory insurance law, 
wbicb is the subja of section VI, in&. 

22. The manufactured design optimizes handling performance with given tire sizes and axle 
ratios. A “slow’ speedometer and low-reading odometer are inconveniences, at least whenever speed 
limits and map distances are of interest. 
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EXHIBIT F 
Reset Odometer Example 

35,000~- 

C&S 

40,000- 

EXHIBIT C 
Stopped Odometer Example 
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Some years ago, when odometers had metal gears that could stand high speeds, 
dishonest car dealers ran odometers rapidly in reverse by unhooking the cable and 
attaching a high-speed drill. For several decades, however, plastic gears have been 
standard in odometers. Such gears are durable in service because even the most 
rapidly revolving one-tenths digit turns very slowly--one rpm at sixty mph. These 
gears heat up and break, however, when attempts are made to back up the 
odometer rapidly with an electric drill. 

Professional insurance thett by resetting the odometer. Criminal experts can 
turn back odometer tumblers with a thin pick. Charging $30 to $50 per two-minute 
job, the criminal can remove several tens of thousands of miles from the odometers 
of late model high mileage fleet or lease cars to increase resale value an average 
%1500.” Given the fact that insurance rates for full coverage of relatively expensive 
cars in high-rated territories can exceed $0.10 a mile, a policyholder could defraud 
the insurance company of $1000 in premium each year by paying $50 to have the ten 
thousands tumbler rotated back one digit.” 

To counter such major odometer fraud in the mile/year system, odometer 
auditors and inspectors look for telltale signs of rollback tampering that can lead to 
convictions of the policyholders responsible. The following example shows how 
annual audits can control and constrain this kind of theft of insurance protection. 

Exhibit F. In the initial audit, the odometer of a hypothetical insurance thiefs 
car reads 20,000 miles. Although the car will be driven 20,000 miles during the 
coming year, the thief plans to have the odometer rolled back 10,000 miles and 
therefore only buys ten thousand miles of protection. To keep from producing an 

23. Connie McNamara, Odometer cheafs gem a Jot of mileage, officials say, Harrisburg Sunday 
Patriot News, June 28,1981. 

24. Patrons of meter-tampering criminals take considerable risk. For example, when a New 
York lock picker who reduced gas and electric meter readings by half was caught, he cooperated with 
the prosecution of his clients--by wearing a hidden tape recorder while beiig paid--in exchange for 
reduced punishment. In addition to facing criminal prosecution, hi customers are to pay restitution 
for tens of thousands of dollars of stolen gas and electricity. N.Y. Ties Sep. 27, 1985, p.2 45 L.I. 
Businesses Accused of Cheating UtiJiy Meters, 

More recently in the Philadelphia region, criminal experts in altering electric meters to 
underrecord actual consumption up to 58% were involved in tampering with more than 50 meters for 
Bucks County homes and businesses. Phila. Inquirer, Jan 21, 1992, B2 73ird person faces charges in 
Bucks meter tampetings. 

On the other hand, meter-tampering criminals can be caught with the help of clients hoping to 
escape punishment. 56 had 7VTVboxe.r rigged to chear, police soy Patriot-News (Harrisburg, Pa.) May 8, 
1992. Facing $303 fmes and 3 months in jail, customers who paid $35 to $100 to two criminal experts to 
alter pay-TV meters, are cooperating in their apprehension. 
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odometer reading that is less than the initial audit (20,000 miles) and thus voiding 
protection, however, resetting the ten-thousands digit has to be delayed until after 
30,000 miles is passed at mid year. The rollback is done in the example at 9 months 
(0.75 year) to reduce the reading from 35,000 miles to 25,000 miles. Apparently 
unknown to the thief, however, there was no insurance protection for the last 5,000 
miles before the rollback because these miles exceeded the 30,000 prepaid-miles 
limit. Therefore, the amount of protection actually stolen in the example is not 
10,000 miles, but only 5,000 miles, Exhibit F. 

A more sophisticated policyholder than the insurance thief described above 
could steal several thousand dollars of auto insurance protection annually on a fully 
covered expensive car in a relatively high-rated area.5 It is significant that auto 
insurance companies and their honest policyholders are not the only victims of 
odometer rollbacks: providers of car warranties and mechanical breakdown 
insurance, and buyers of used cars are defrauded as well. Widespread public 
awareness of the seriousness of odometer tampering has developed from news 
reports on a decade of prosecution of strong federal and state odometer fraud 
statutes.% 

Amateur insurance theft with a stopped odometer. Odometer failure, whether 
spontaneous or induced, presents an opportunity for theft of insurance protection.27 
According to policy language, insurance coverage is void while the odometer is 
stopped unless the company is notified. Nevertheless, to protect the validity of a 
claim, a policyholder can always assert that the odometer had failed just before the 
accident or was broken as a result of it. Test system procedures are designed to 
control such theft. 

25. Apparently some sophisticated car owners violate mandatory insttrance requirements. State 
police testimony pointed out that “It is just as probable to find a counterfeit inspection sticker or false 
insurance identification card associated with a Mercedes Benz as a Chevrolet. The motivation to avoid 
the law is economic, whether the owner or lessor can afford the insurance or not.” House Insurance 
Committee hearing April 25,1991, Tr. 117. Under the mile/year system, federal and state odometer 
anti-tampering law provide additional strong sanctions against cheating. 

26. Although the focus has been on professional thieves who tamper with tens to hundreds of 
odometers, some individuals are being punished. E.g., a Baltimore pohee lieutenant recently was 
indicted for theft for having his own odometer rolled back to increase the car’s resale value. Baltimore 
Sun, Bti.$, April 22,l992. 

27. An odometer cable can be caused to wear rapidly and break by pulfing its casing into an 
overly tight curve. Society of Automotive. Engineers specifications put the minimum radius of 
curvature at six inches. SAE J678 Dee 88. 

In addition to the inconveniences of not having a speedometer and odometer (note 22, SUpM), 
cars built after 1980 will not run efftciently with the odometer cable broken because it provides a signal 
to the ignition/fuel-injection computer. R, Morse, Chief of OC:Teter Fraud Staff, USDOT, at the 
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Should an odometer stop, policyholders are instructed on the ID card to stop 
driving and to telephone the Company in order to maintain coverage, Exhibit C 
(supra, page 8). The company responds with a confirmation code, a time limit 
for repair, and any other instructions or limitations appropriate for the situation.z 
Before any seal is broken to replace the odometer or its cable, a mandatory first 
step is to have a physical audit to get the reading and inspect the seals. This audit 
comes between annual audits and shows the average driving before and after the 
odometer failure. An unexplained and marked difference in the averages indicates 
possible premium fraud, which can be further investigated. A hypothetical example 
of protection theft shows how the audits are used. 

Exhibit G. Actual use of a hypothetical car is 20,000 miles during a policy year. 
At the begiting of the year the odometer reads 20,000 miles and 10,000 miles of 
insurance protection is bought for the coming year. The odometer cable breaks (or 
is broken) at 0.25 year with a reading of 25,000 miles, but is not reported to the 
Company until 10,000 miles more have been driven in the next half year. If an 
accident happens during this 10,000 mile period, the policyholder can claim 
coverage with the excuse that the odometer “just broke.” With the excuse sustained, 
the Company has provided coverage without collecting premium for 10,000 miles. 
The excuse can be challenged, however, after the end of the policy year with audit 
information. 

At the repair audit the odometer shows the same 25,000 mile reading it did six 
months earlier when it stopped. A “miles-driven” line joining the initial and repair 
audits would show 5,000 miles in 9 months, which is a rate of 6,670 miles per year, 
Exhibit G. An increase of 5,000 miles on the odometer in the next three months 
between the repair audit and next annual audit, however, indicates the true driving 
rate is 20,000 miles per year. Even though such an apparent strong change in car 
use might be insufficient to prove theft of insurance protection, it nonetheless alerts 
the test system to get more evidence on the actual amount of driving done. Another 
odometer failure in a following year would be even more suspicious. Stealing 
insurance protection through odometer tampering is a risky way for policyholders to 
try to save money.29 

(continued) 
11th Ann. Con& National Odometer Enforcement Association, August 12,lWl. 

28. If the failure happens oo a trip, the insurance company specifies that coverage stays in effect 
over the route for completion of the trip. A value for the unrecorded miles of exposure is derived from 
the route distance. 

29. Tbii kind of amateur theft is akin to that in which householders steal gas by running a bicycle 
inner tube around the meter or steal eledricity by removing the meter and inserting spoons or forks 
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V. Premium charees for nondrivine periods 

If the possibility that policyholders may be able to steal insurance protection is 
cause for concern, then the possibility that companies may be able to charge 
premium for driving coverages during nondriving periods must be an equally serious 
concern This section examines various administrative provisions made for periods 
of nondriving and the effects they have on premiums. In the current year system, 
rate manual rules allow interruptions of insurance protection and premium charges 
during nondriving periods, such as: 

SUSPENSION OF COVERAGE, SEASONAL USE,, WITHDRAWAL FROM USE 
A. Suspension of Coverage 

Coverage afforded under a policy insuring a motor vehicle may be 
suspended during the time the vehicle is withdrawn from service. The 
coverages suspended afford no protection under the policy during the 
ptr$cJ of suspension. 

The continuation of certain coverages during the period of suspension 
may be desirable; e.g. comprehensive [coverage for nondriving losses]. *?.I* 
Premium credits on suspended coverages will be computed pro rata for 
the period of suspension. 

General Rule 106 A, State Farm Mutual Auto. Ins. Co. (emphasis added) 

The administrative problems of this and several other ways that the year system 
currently handles nondriving periods can be compared to the automatic response of 
the mile/year system to nondriving periods: 

o When there is a period of “withdrawal from use” accompanied by “suspension of 
coverage,” as the above manual rule provides, prepaid premium for the non- 
covered period is refunded to the individual policyholder. 
Example: Hypothetical car considered below in 2nd policy year. 

l When many policyholders in an identifiable group are not driving, a portion of 
prepaid premium is refunded uniformly to all policyholders in the group. 
Example: Policyholders who served in the Middle East armed forces in 1990 
and 1991, were refunded prepaid premium for a fraction of the time they were 

(continued) 
across the connections. Control on such theft includes monitoring consumption for anomalous 
pattam aiid abrupt changes. P. VALE&TIN@, On Ihe Trail of P-Hungry Thieves, Wash. Post, April 
6,1991 at El. 
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overseas, despite the fact that companies had no way of knowing whether the 
cars actually were withdrawn from use or even driven less in the owner’s 
absence.30 

l When economic recession triggers a reduction in claims because many 
policyholders drive less, insurance companies provide uniform refunds 
(“dividends”) to all policyholders without distinguishing whose cars actually were 
driven less.3l 
Example: Owing to a decrease in accident claims since the current recession 
started in mid-1990, State Farm made statewide refunds in 12 states reaching 20 
percent of semiannual premium.” 

l When individuals interrupt driving for periods of time, in most cases no refund 
of prepaid premium occurs at all. 
Example: Hypothetical car considered below in 3rd and 4th policy years. 

Mile/v- 
@ Only the miles driven by each car, as recorded on its odometer, determines 

individual premium consumption and obviates the need fgr group refunds. 
With miles prepaid, the car is fully insured whenever driving is resumed after a 
nondriving period. Therefore, no administrative costs are incurred for 
suspending and reinstating insurance. 
Example: Hypothetical car considered below over four policy years. 

30. Geicn Insurance Company’s ‘Desert Shield dividend consisted of a 25% premium credit for 
the period on active duty in the Middle East in 1990 as certified by a superior officer. Source: Geico 
forms (P-294a % P-295) sent to policyholders on request. 

This refund appears to assume that the estimated 16,ooO Geico-insured cars eligible were on 
average driven 75 percent as much as usual while their owners were overseas. (Le., for every four 
months that the policyholder was overseas, one month’s prepaid premium was refunded.) A Geico 
official’s reply lo a reporter’s que&ion about an equivalent “Desert Storm” dividend for 1991, however, 
suggests that the refunds were not based on a cost-savings estimate, but instead on the budget for 
public relations: “For this year, we don’t have an idea as to whether the company is making a profit or 
not, so wc can’t make a deeision yet.” NATL UNDERWRITER, Geico To Pay Desert Shield Aura 
Dividend, Feb. 4,1991, 

31. Speculation that “a lot of cars are up on blocks” by the State Farm vice president for 
Pennsylvania was cited by the president of the Insurance Federation of Pennsylvania to dramatize the 
marked drop in claims following the July 1990 onset of the current recession. Transcript of testimony 
before the House Insurance Committee November 14,1991, page 112. 

32. J. Commerce, St& Farm to Refund Millions in Car Premiums, Dec. 18, 1991, at 9A. State 
Farm’s reported explanation was that “claim costs were less than anticipated.” At rate hearings and in 
other forums, however, ofticials of State Farm and other auto insurance companies directly attributed a 
drop in claims lo a rewssion-related decrease in driving and a rise in gasoline prices. In Pennsylvania 
where State Farm had litigated strongly against premium reductions mandated by Act 6 of 1990, il 
seems dear that the company did not take the nearly 6 percent increase in July 1991 authorized by the 
law bccauae of the drop in claims caused by the recession and gasoline price rise. The effect of the 
recession on claims is evidently continuing because the State Farm Pennsylvania rate manual pages 
effective May l&l992 show only moderate changes (about -6% to t 7% depending on coverage and 
territory). 
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Exhibit H. A hypothetical example involving one car compares the response of 
each system to a decrease in driving from 12,000 miles during the first policy year to 
8,000 miles a year for the next three years. Graphs of premium vs. time (in policy 
years) for each system show the relationship between premium prepaid and 
premium consumed throughout the year. 

Prepaid premium is represented by a stepped plot in the graph for each system. 
(Compare with the graph of odometer readings vs. time for the mile/year system in 
Exhibit B, supru, page 7). The vertical segments are payments made shortly 
before the start of each policy year. 33 The horizontal segments represent the 
passage of time between additional premium payments. 

Year system. Premium for all coverages is earned proportionally with time, as 
shown by the inclined, lower line. By the end of the first policy year, all of the $600 
has been earned. At the beginning of the second policy year, $600 is again paid in 
advance. During this year, however, the car is not driven for four months (1/3rd 
year) and insurance coverage is suspended for this period. 

The earned-premium plot is flat with time during the 1/3rd year period of 
suspension because no insurance is in force. When coverage is reinstated at the end 
of the period, the earned-premium plot resumes proportionality with time. Because 
of the suspension of insurance, however, 1/3rd ($200) of the prepaid premium 
remains unearned at the end of the 2nd policy year. This amount is credited against 
the $600 premium due for the 3rd policy year so that only $400 is paid. 

In the third and fourth policy years, driving remains at 8,000 miles annually, but 
the periods of non driving are spread throughout the year. The periods are either 
shorter than the Company allows for suspending coverage, or the car may be needed 
occasionally during the longer periods and there would not be time to reinstate 
insurance and get the license plate back from PennDOT.% Therefore, even though 
mileage has not increased from the second policy year when $400 was paid for 
insurance, the policyholder pays $600 per year because coverage cannot be 

33. Payment is shown 20 days before the beginning of the policy year. 
34. Given the fact that suspension of insurance benefits only the policyholder while reducing 

both premium income and commissions for the company and agent with no offsetting transaction 
charges, it is not surprising that few policyholders know that coverage can be snspended during periods 
of nondriving. Sworn testimony by actuaries in Pennsvlvania NOW v. State Farm indicates reluctance 
of companies to suspend coverage, because “someone has to make a notation on the policy and 
recalculate the premium.” 6 3. INS REG. 243,282 (1988). 
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suspended. The policyholder’s cost per mile of protection increases by 50 percent 
from 5 cents to 7.5 cents for the final two years solely because the year system makes 
it no longer practical or even possible to suspend coverage during non-driving 
periods, as it was in the 2nd policy year.35 

Mile/year system. At an assumed rate of S cents a mile for coverage of the 
hypothetical car, the test system produces a $600 premium for 12,000 miles in the 
1st policy year and a $400 premium for 8,000 miles in the 2nd policy year, as did the 
current year system. The annual odometer audits, connected by lines, show the 
increases in miles recorded by the car’s odometer as the miles of premium earned. 

In the 3rd and 4th policy years, however, when driving continues at 8,000 miles a 
year, the mile/year system premiums continue to be $400 at mile rates, equal to the 
$400 premium at the $600 per year rate when coverage was suspended for l/3 year. 
Mile-rate premiums are $200 less than the year-rate premiums in the final 2 policy 
years simply because, as noted above, the year-rate coverage could not be 
suspended for part of the year as it was in the 2nd policy year. 

Quasi-suspension OF coverage produced by the year system. Insurance 
enforcement apparently makes suspension of coverage both difficult for companies 
to administer and costly for policyholders to use, judging from the special provisions 
companies make for suspending required coverages. For example, State Farm has 
added a Pennsylvania section 106 C to its rule 106 A (quoted above), resulting in 

what appears to be a quasi-suspension of coverage. 

SUSPENSION OF COVERAGE, SEASONAL USE, WITHDRAWAL FROM USE 
e* zspension of Coverage 

Any coverage may be suspended unless it is required by stutute to 
remain in force. (See Section C for statutory coverages.)% ***t 

35. Lienholders also provide an impediment to suspension of coverage, to judge from the 
intervention that Geico provided for Desert Shield policyholders who stored their cars while overseas. 
The Geico letter to the service. pexson accompanying the dividend certificate states: “If your car is in 
storage but you’ve been told by a lien holder that full coverage must stay in effect, let us know. We’ve 
intervened succesrfully in getting some lien holders to waive this requirement for our insweds.” 

36. Despite Rule 106’s implication here that ‘statutory coverages’ means insurance that car 
owners must buy, the coverages listed in Rule 106 C include non required Combined Benefits, 
Uninsured Motor Vehicle, and Underinsured Motor Vehicle in addition to the Bodily Injury Liability, 
Property Damage Liibiity, and Medical Payments coverages that are required by Pennsylvania law. 
The law requires companies to make these additional coverages available, but does not require their 
purchase. 75 Pa.C.S. Sec. 1791-1792 
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C. Premium Credit on Statutory Coverages for Vehicles Withdrawn from 
Use 
During the period when a motor vehicle is withdrawn from service, the 
coverages indicated below may, at the option of the insured, remain in 
force at 40% of the otherwise applicable premium.37 The period of 
withdrawal must be for at least 30 days, and the insured must complete 
a cer#icate of withdrawal. 

General Rule 106 A & C, State Farm Mutual Auto. Ins. Co. (emphasis added) 

This option of keeping statutory coverages in force on a car while it is not being 
driven seems to be a response to the Pennsylvania requirement that the car’s 
registration card and plate must be returned to PennDoT while insurance is not in 
force.% The “certificate of withdrawal” specified above is a company form to be 
signed by the policyholder which states: “I hereby certify that the motor vehicle 
described below will be withdrawn from use for a period of not less than 30 days 
from the date indicated.” The policyholder further agrees on the form that “In 
recognition of the fact that my motor vehicle will not be used, the premium for the 
coverages required by law will be reduced. “3g The question is: why is the premium 
not reduced to nothing if it is believed that the car will not be used? Why is it worth 
40 percent of the premium to the owner to keep the license plate? Why does the 
company need to get 40 percent of premium to keep driving coverage on a 
nondriven car?& Such an arrangement argues that the company expects the car to 
be driven despite its nominal “withdrawal from service.“41 

37. Apparently the basis to which the 40% of fug rate applies is not just the rate for the required 
minimum amounts of protection, but for any increased protection amounts--“limits”-of each coverage 
chosen as wll. 

38. Although California also rquires all cars to be insured Rule 106 in the State Farm manual 
on file at the California insurance department (Oct. 9.1991) dces not have a section “C with its special 
provisions for required or statutory coverages. The difference may be that some enforcement 
provisions, including criminal penalties and proof of insurance as a registration requirement, were 
allowed to sunset in California in 1990. NATL UrroERwRITeR, Qlunge In Rcgufucots Wonia Calif., 
Jan. 7,1991, at 4. (Rule 106 “R” provides for “Seasonally Used Farm Trucks,” and is nearly identical for 
both states.) 

39. State Farm Insurance Companies form G-4658-7 Rev. 07-91 “Notification that Motor 
Vehide is Withdrawn From Use.” 

40. What this provision means in terms of premium ccct to policyholders may be assessed from 
the example of Rxhibit H, above. During the 2nd policy year the car was not driven for four months, 
and the “suspension of coverage” rule was used to get a refund of $200 on a $600 prepaid premium. 
Asswning that the %OO premium was only for State Farm’s ‘statutory” conrages, State Farm would 
have retained 40%, or SSO, of the refund to keep enough cowsrage so that the policyholder presumably 
could keep the car registered and not have to return the license plate and registration card to 
PennDOT. 
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VI. mrance enforcement and compb 

This section examines enforcement provisions of mandatory insurance under the 
current year system and under the mile/year test system.42 In each case, the analysis 
assesses the effect of these provisions on both enforcement efficiency and the ability 
of the car owner to achieve compliance. 

With respect to the intent of the law that all cars have minimum insurance while 
they are being driven, two kinds of enforcement are involved: at-car verification of 
insurance when it is certain that the car is being driven; and indirect enforcement 
through the registration-license plate process when tire car may or may not be being 
driven. 

Direct at-car enforcement. A random sample of cars being driven receive at-car 
insurance verification by police and state officials through the happenstance of 
accident investigation and citations for moving violations where verification is 
generally required, and in the course of roadside checks for various reasons where 
insurance verification may be included. 43 Under both systems, the at-car 
verification is determined by the policy expiration date on the car’s insurance ID 
card. Under the miZe/yeor system, full verification also requires that the odometer 
reads less than the ID card’s prepaid miles limit, is operating, and shows no signs of 
tampering.44 

Although at-car proof of insurance is required by annual safety inspections and 
provides a strong incentive to get insurance, few uninsured cars are likely to be 

41. Since. the 40% charge is applied to premiums rated by territory and other class categories, it 
is not just an admhktrative fee, but varies presumably to reflect different driving conditions. Under 
rate regulation law, State Farm is supposed to have claim-cost statistics to just@ the charges. 40 P.S. 
Set 1183(c). 

42. Minimum coverage required is S15,000/S30,000 bodily injury liability, SS,OOO property 
damage liability, and SS,OOO medical payments. 75 Pa.C.S. Sections 1702 and 1711. 

43. Accidents, and to a large extent law enforcement stops, are inherently processes of random 
sampling of the cars being driven at the time. INS. INDUSTRY COMM~IZE ON MCITOR VEHICLE 
ADMIN., Guidelines for Compulsory Liability Insumnce Enforcement, July 192. 

The sample sire for checking insurance compliance via accidents may be approximated from the 
1990 PennDoT report: 234,814 reported driver involvments gives the number of vehicles sampled, 
which is about 3% of the 8.7 million registered vehicles which were checked for insurance in this way. 
If traftic violation checks were veritkd on approximately the same number of cars, then the proportion 
of cam randomly checked for insurance this way would be less than 10% ammaffy. 

fn vehicle law eaforccment checks, police officers radio in driver’s and registration iaformation to 
PennDOT computers for verification. Insurance information, although entered into the PenaDOT 
system, could not be checked the same way in 1991. State Poke testimony before the Hoosc Insurance 
Committee, April 25,X91, Tr. 233. 
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identified this way. Owners of uninsured cars are able to bypass this requirement 
illegally, as described by the state police.45 

Under the mile/year system, the company odometer audits enhance 
enforcement of insurance because direct company involvement and self-interest in 
verification improves control on illicit ID cards beyond what police officials and 
inspection stations can do. 46 Furthermore, policyholder no-shows for renewal or 
final audits (dropouts) indicate that the cars have been driven uninsured without 
prepaid miles of protection. A gap in protected miles would be evidenced by 
odometer readings or signs of tampering even if insurance is re-initiated with 
another company. Enforcement sanctions could be invoked for owning a car driven 
without insurance, or for odometer tampering. 

Indirect enforcement. The logic behind indirect enforcement through the 
license plate issue and revocation process is that requiring insurance on a licensed 
car to be kept continuously in force assures that insurance will be in force on the car 
whenever it is being driven. Specifically, the law requires that a license plate may be 
retained only while insurance is in force. 47 When insurance coverage terminates, 
sanctions can be avoided by not driving the car and by returning the license plate to 
PermDOT within 21 days if insurance has not been reinstated or replaced.‘@ 

44. Owning a car that is being driven with no insurance in force is a direct violation of the law’s 
intent. It is fully sanctioned by a $300 fine and three-month revocations of the license plate and the 
owner’s driving license. The restoration fee at the end of the suspension periods is SM for each license. 
75 Pa.CS. Sections 1786 (d), 1786 (f), & 1960. 

45. I&it inspection stickers are used to avoid the inspection altogether, or i&it insurance ID 
cards or other insurance documents are used to defeat the verification process at the inspection station 
Testimony to the House Insurance Committee, April 2.5, 1991, by Lt. Colonel Robert Hicks, Tr. X2- 
134. 

Although the law requires inspection stations to report any uninsured cars seeking inspections, it 
seems that stations have little to gain by reporting the few customers unaware of the insurance 
requirement for inspection. 75 P&S. Sec. 4727 (d)(2). 

On the other hand, at-car information for the mile/year system is collected as part of the 
inspection process because mileage readings for verified-working odometers are reported to PennDOT 
and help build an audit trail for each car. (Two odometer readings are reported: “present odometer 
reading” and “odometer reading on old inspection sticker.” PennDOT Inspection Record, form TS 431 
WW. 

46. The company audits may or may not be done in conjunction with the state safety inspections 
according to individual arrangements between auto insurance companies and private inspection 
stations. 

47. The partial sanctions applied for violation are the three-month revocation of the license plate 
followed by a 550 reissuing fee. 75 Pa.C.S. Sec. 1786 (d); Sec. 1960. 

The law appears to specify the 3-months suspension of registration penalty only for cars being 
driven without insurance, and not just for keeping an uninsured car’s license plate. (75 Pa.C.S. 1786 
(d).) According to testimony by PennDOT, however, the Imonth registration suspension periods are 
beiig applied to cases where the license plate has been kept for an uninsured car, without establishing 
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Whenever insurance for a car is terminated and driving coverage is not in force, 
the insurance company is required by law to notify PennDOT.4g When suspended 
insurance is reinstated however, it is the policyholder who must provide the 
insurance information to PennDOT. PennDOT in turn sends a sampling of such 
reports to the Company for verification.50 The Company may also notify 
lienholders when the car securing the loan has no collision insurance, and also when 
the coverage is restored. 

Under the current year system there is no reliable way to establish whether or 
not a car is actually being, or has been, driven without insurance beyond scattered 
information that is produced by the random sampling process during at-car 
enforcement, as described above. Under the mile/year system, however, the 
odometer serves as a witness to prove nondriving for the policyholder, or to prove 
uninsured driving for enforcement purposes. 

Compliance. Under the current year system, premium payments are fiied costs 
of car ownership with inevitable due dates. A policyholder in straitened 
circumstances has no legal option but to lapse insurance, surrender the license plate, 
and do without the car. If a policyholder cannot meet a deadline for a premium 
payment, and cannot suspend coverage to stop or lower premiums owed, it is not 
surprising that there may be little real choice but to drive illegally without 
insurance.51 

(continued) 
that the car was actually being driven uninsured. (Douglas Tobin, House Insurance Committee 
hearing transcript Oct. XI, 1991, page 168.) 

48. 75 Pa.C.S. Sec. 1786 (d)(l) & (g)(2). The instruction given by PennDOT’s public 
information telephone (March 1992) for interrupting insurance while the car is not being driven is to 
send in the license plate (not the registration card) to PennDOT with a letter of explanation. 
According to PennDOT testimony before the House Insurance Committee, returned plates are 
destroyed and new plates issued with no charge when insurance is again in-force. Douglas Tobi, Oct. 
30,1991, Tr. 169. 

49. 75 Pa.C.S. Sec. 1786 (e)(2): “Obligations upon termination of financial responsibility--An 
insurer who has issued a contract of motor vehicle liability insurance . . . shall no@ the department in 
a timely manner.* 

Companies provide notices of cancellation of insurance to PennDOT on computer tape in batches 
covering a week or two of activity. NOW telephone information from Chairman’s office, Erie 
Insurance Group, Feb. 1,1991. 

50. PennDOT’s goal is to have companies verify the insurance information provided on 
registration forms of 50 percent of Philadelphia registrants and 25 percent of registrants elsewhere. 
Joint State Government Commission, ‘Insure-the-Driver Program” study pursuant to Act 6 of 1990, 
Section 29 (1991), page 16. (These goals would require about 2 million company verifications 
annuaIly.) 

51. Under the current year system, considerable administrative effort is expended in sending 
biiig and nonpayment-cancellation notices to installment payers who are on very tight budgets. This 
is especially true for assigned-risk plans in high-rated territories, An active and ongoing discussion 
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Under the mile/year system, in constrast, the only fixed costs for keeping 
mandated insurance in force are the cost of the annual odometer audit plus any 
administrative charges (about $20 total per year). Premium for driving coverages is 
earned by the company only while the car is being driven. To the extent that the 
mile/year system reduces mid-term lapses and eliminates suspension of coverage 
transactions, there is a comparable reduction of state and company administrative 
expense for recalling and reissuing license plates, with attendant insurance 
verifications. The mile/year system makes required insurance an operating cost and 
promotes compliance by providing the public with a means of direct individual 
control over the amount and timing of premium payments. 

In.surance Proiect 
National O&.izatioo for Women 
1000 16th Street, NW, Suite 700 
Washington, DC 2Kt36 (202) 331-065 

June22 1992 #486 

(continued) 
continues in the weekly INS. ADVOCATE column views of o Sforefront Broker by Michael Carbajal in 
New York City. April 18, 1992, for example, on the size of the premium deposit needed and the 
admiitrative expense to companies and agents. In Philadelphia the minimum cost assigned risk plan 
premium is $696 annually, paid $211 down (30%) and S!B per month for five months, as advertised for 
months in Tbe Review (Chronicle, S. Pbila.), e.~, April 16, 1992, at C14. In the past, eighty percent of 
assigned risk car owners did not pay alI of the iwtallmeats, which are billed, and were canceled in their 
first year. JOINT STATE GOVT COMM. staff analysis, Insure-the-Dtiver Program for Philadelphia (1991) 
at 15. 
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HOMEOWNERS EXCESS WIND LOADS: 
AUGMENTING THE IS0 WIND PROCEDURE 

John Brad&w 
Mark Homn 

i 

339 



Editor’s Note: This article was originally published in the Spring 1992 edition of the Cmualty 
Actuarial Society Form. Two exhibits were unintentionally excluded,‘and we are reprinting the 
article in its entirety. 
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Homeowners Excess Wind Loads: 

Augmenting the IS0 Wind Procedure 

BY JOHN BRADSHAW & MARK J. HOMAN 

The IS0 excess wind procedure 
is widely used by many companies. 
However, it has one major flaw. It 
depends on the loss history in the 
state to provide a true 
representation of the future 

expected wind experience. The 
procedure presented here removes 
this flaw. Modeling is used to 
augment history to yield more 
accurate wind expectations. The 
procedure has the added side 
benefit of providing a means to 
reflect different wind loadings by 
territory. 

John Bradshaw is an Actuary 
and Director of Involuntary 
Markets at ITT Hartford. He 
obtained his FCAS in 1974 and is 
a Member of the American 
Academy of Actuaries. John 
spent 17 years in Homeowners 
pricing. 

Mark Homan is an Associate 
Actuary and Director of 
Personal Property Pricing with 
ITT Hartford. He obtained his 
FCAS in 1987 and his FCIA in 
1990. Mark is also a Member of 

the American Academy of 
Actuaries. 

Overview 

The IS0 Excess Wind 
Procedure is a popular procedure 
that is in use by many companies. 
The procedure relies on the past 
history, currently about thirty 
years, to be a representative 
sample of true long term wind 
experience. This assumption is not 
valid in many cases. Most experts 
have stated that the past thirty 
years of experience in Florida have 
had much less hurricane activity 
than any other thirty year period. 
South Carolina’s experience now 
includes Hurricane Hugo. Hugo is 
treated as if it will recur once 
every thirty years by the IS0 
procedure. However, experts feel 
that Hugo is more likely a one in 
one hundred year event, if not less 
frequent. 

The procedure outlined in this 
paper uses modeling to determine 
the expected wind experience over 
a longer period of time. In this 
case, it is a 50 year time period. 
The procedure augments the scant 
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history in a state like Florida and 
makes adjustments to allow 
removal of events like Hurricane 
Hugo in South Carolina. It still 
rests primarily on the IS0 
procedure. 

It should be noted that the IS0 
procedure has been criticized in 
other ways and other procedures 
have been developed. 1 However, 
most companies lack sufficient 
data to use these other procedures. 
We are looking for ways to 
improve the IS0 procedure 
without requiring historical data 
which may be unobtainable. 

IS0 Excess Wind Procedure 

We will start by explaining the 
IS0 excess wind procedure briefly. 
As the name implies, the 
procedure only makes adjustments 
for excess wind losses. It makes 
no adjustment for non-wind 
catastrophes that occur, such as 
freezing in the South. The 
procedure determines which losses 
should be considered excess and 
removed from an experience 
period and calculates a long-term 
load to replace the excluded losses 
by spreading them over a longer 
time period. 

Currently, the history period 
used in the IS0 procedure in most 
states is about 30 years. This 
corresponds to the introduction of 

the Homeowners policy. History 
before that period is difficult to use 
since the coverages were not the 
same. 

Exhibit I shows the calculation 
of the excess wind threshold and 
the long term load for a sample 
state. The procedure stans by 
breaking down the losses into wind 
and non-wind categories. The 
ratio of wind to non-wind is then 
calculated. The median wind/non- 
wind ratio is calculated to 
determine the excess wind 
threshold. 

The excess wind threshold is 
the greater of 1.5 times the median 
or 0.25. By using a threshold that 
is greater than the median, 
adjustments are only made for the 
truly unusual wind years rather 
than for some fairly common 
events. The use of 0.25 as a 
minimum threshold eliminates the 
need to make adjustments in states 
where the wind experience is 
relatively light. 

Each wind/non-wind ratio is 
tested against the threshold to 
determine whether it is an excess 
year. If the ratio is greater than the 
threshold, it is an excess year and 
the excess portion is calculated. 
The excess ratio is the portion of 
the wind/non-wind ratio greater 
than the median. The excess 
losses are then calculated by taking 
the excess ratio multiplied by the 
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non-wind losses. The non-excess 
losses are then calculated by 
subtracting the excess losses from 
the total losses. 

The excess wind load is 
calculated by taking the average 
excess ratio multiplied by the 
average non-excess ratio. 

Modeling 

Modeling is used to project 
expected losses from a fifty year 
event. A fifty year event is a storm 
that is expected to occur once 
every fifty years. A storm of fifty 
year intensity is determined by the 
expected wind speeds. The fifty 
year event differs from area to area 
due to storm expectations in the 
area. 

The model used to develop this 
paper is one that was developed at 
the Hartford Re Management 
Company. Other reinsurers and 
reinsurance brokers have 
developed similar models. The 
model will not be discussed in 
detail but a brief outline is needed. 

The model uses projected storm 
tracks through a state or group of 
states, The storm track includes 
average wind speeds as the storm 
moves along the track and a 
damage matrix based on these 
wind speeds and the distance from 
the track. The model applies this 
information against the distribution 

of business in a company’s book to 
determine expected losses from the 
storm. 

The expected losses are output 
by area and in total. We take 
several possible storm tracks 
through a state and then average 
them. Exhibits II and III are the 
output from the model for the 
projected storm tracks through 
New York and Connecticut. 

Adding “History” 

The average projected losses 
that we get from the model 
represent the losses expected from 
a storm of fifty year severity. In 
order to include this as “history” in 
the IS0 procedure, we must act as 
if we have 50 years of data. 

Exhibit IV shows how we make 
this adjustment. We start with the 
29 years of data that we already 
have. Since none of the events in 
the 29 year period are more severe 
than the 50 year projection, we do 
not eliminate any years. We then 
insert a year to represent the 50 
year event, 

The non-wind losses used are a 
projection from the level of losses 
in the most recent years of data. 
The company losses should be 
used for this projection to match 
the modelled wind losses even 
though IS0 data may be used for 
the history. The excess calculation 
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continues as before. However, the 
averages are now weighted 
averages using the 29 years of 
history to represent 49 years and 
the projection from the model to 
represent the fiftieth year. The 
median wind/non-wind ratio is not 
adjusted since it is assumed that 
one extreme year should have no 
impact on the median. 

The final wind load is used in 
the same way as the typical IS0 
wind load. No further adjustments 
are necessary. 

In a case like South Carolina, 
one additional step would be 
needed in the above process. A 
year that was more severe than the 
50 year event should be 
eliminated. In South Carolina, for 
example, the year of Hurricane 
Hugo (1989) would be dropped 
from the 29 year history. We 
recommend totally eliminating it 
and using only the remaining years 
of history, with the addition of the 
50 year event from the model. 
One could also consider replacing 
1989 with a “typical” year. Given 
the difficulty in determining a 
typical year, we do not recommend 
this alternative. 

Territorial Loadings 

An additional benefit of this 
modeling is that you get 
information on the distribution of 

the storm losses by area within the 
state. This data can be used to 
develop territorial wind loadings to 
be used in ratemaking rather than 
merely using statewide loadings. 

To use the model output, you 
start by taking averages of the 
losses by area across the various 
storm tracks modeled as shown in 
Exhibit III. The expected wind 
losses by area from the model are 
then divided by the non-excess 
losses in the area. This gives a 
wind to non-excess ratio for each 
area. The territorial ratio is 
divided by the statewide ratio to 
determine a relativity for each 
area. These indices by area are 
multiplied by the statewide wind 
load to determine a wind load for 
each area. These adjusted wind 
loads are then applied to the 
territories that comprise the area 
when calculating new territorial 
relativities for ratemaking. 

Exhibit V shows this 
calculation using 5 year incurred 
losses and 5 year earned premiums 
at current rates. The loss ratio 
relativities before the loading show 
the results that would occur using 
a typical statewide loading. The 
relativities after the loading show 
the more accurate results. 

One variation on this procedure 
that we recommend is using the 
current in-force amount of 
insurance by territory instead of 
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non-wind losses. By dividing the 
wind losses from the model by the 
exposures, one obtains a damage 
potential for each territory. Since 
the exposures form the base for the 
model, using exposures will be 
slightly more accurate. The 
additional accuracy results from 
removing the variation due to 
changes in distribution and the 
random variation in the actual 
losses. 

Conclusion 

The IS0 procedure has its 
flaws. However, due to the 
difficulty in obtaining a sufficient 
volume of credible data for any 
other method, it remains the most 
widely used method. The 
adjustment outlined in this paper 
allows for the elimination of one of 
the major flaws in the IS0 
procedure, namely its reliance on 
past history as a representative 
sample of possible losses. We 
recognize that not every company 
has a wind loss model in their 
company. However, several 
reinsurance companies and brokers 
do have these models and contract 
for their use. 

An additional shortcoming of 
the IS0 procedure is that it fails to 
adjust for demographic shifts. In 
particular it does not consider the 
increase in coastal exposures. The 
adjustment of the model reflects 

the current distribution of a 
company’s book and can be 
updated periodically to reflect any 
shifts. This does not eliminate the 
IS0 shortfalls since many of the 
years are still based purely on 
history. However, the additional 
year from the model will dampen 
this problem with the IS0 
procedure. 

Finally, the more accurate 
territorial indications that result 
allow a company to more 
accurately charge for the additional 
exposure in the wind territories. 

1See the 1990 Pricing Discussion Paper 
titled “Pricing the Catasaophe 
Exposure” by David H. Hays and W. 
Scott Fan-is, Vol. II pp. 559-603. 



CONNECTICUT 

Year 
e-v. 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
I973 
1974 
1973 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
I983 
1984 
1985 
1986 
1987 
I988 
I989 

Total 
Average 

HO wind 
losses 

-___---_ 
39180 
57857 
38690 
24077 
22309 
22428 
44329 
52551 
54499 
49047 

128182 
120507 
103326 
222439 

91049 
112610 
43872 

198862 
523824 
152170 
I25697 
143262 
206742 
367046 

2772884 
412685 
415849 
161040 

2310963 

HO Total 
losses 

---e.we- 
421841 
525788 
579712 
483403 
721579 
750139 
922439 

1064312 
1276897 
I493849 
1639387 
1871461 
2653614 
2854392 
2679652 
2618827 
2309037 
2160841 
2899303 
3088639 
4422524 
4229727 
4414828 
5290981 
8654450 
5954039 
904M67 
9480386 

12857786 

Non-Yfrd Uird-to- 
Losses NOWWind _.__-___ 

382661 
467931 
541022 
459326 
699270 
727711 
878110 

lDlI761 
1222398 
1444802 
1511205 
1750954 
2550288 
2631953 
25@8603 
2506217 
2265165 
196I979 
2375479 
2936469 
4296827 
4086465 
4208D86 
4923935 
5881566 
5541354 
8624618 
9319346 

10546823 

.--se.-- 

0.102 
0.124 
0.072 
0.052 
0.032 
0.031 
0.050 
0.052 
0.045 
0.034 
0.085 
0.069 
0.041 
0.085 
0.035 
0.045 
0.019 
0.101 
0.221 
0.052 
0.029 
0.035 
0.049 
0.025 
0.471 
0.074 

i:E 
0.219 

9017976 97360300 88342324 2.364 

ttffl~Ok~E~5 INSURANCE - FORMS 1,2,3&S 
DERIVATION OF EXCESS WIND FACTOR 

Median o.Dst 
Excess Wind Factor I.014 

Excess 
Years* 
-.-mm- 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.Doo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.471 

X:22 

Excess 
Ratfo 
_-__.. 
0.000 
0.000 
0.000 

:E 
0:ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.420 
0.000 
0.000 
0.000 
0.000 

0.420 
0.014 

Exhibit I 

Excess Non-Excess Non-W-d/ 
losses Non-Excess 

.-mm----. -____._.._ 
421841 
525768 
579712 
483403 
721579 
750139 
922439 

1064312 
1276897 
1493849 
1639387 
1871461 
2653614 
2854392 
2679652 
2618827 
2309037 
2160841 
2899303 
3088639 
4422524 
4229727 
4414828 
5290981 
6186353 
5954039 

2zi 
12857786 

94892203 

1 1 l ( 0.014 l 0.939 ) I 

0.907 
0.890 
0.933 
0.950 
0.969 
0.970 
0.952 
0.951 
0.957 
0.967 
0.922 
0.936 
0.961 
0.922 
0.966 
0.957 
0.981 
0.908 
0.819 
0.951 
0.972 
0.966 
0.953 
0.931 
0.951 
0.931 
0.954 
0.983 
0.820 

27.230 
0.939 

I *The ratio for a year must be > 1.94 and at least .250 for that yenr to qualify ss m excess year. 
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Exhibit 
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conn0ctiaR 
Fairfield 
Hartford 
LitChfi8M 

MIddleSeX 

New Haven 
New London 
Tolland 
Windham 
Totei 

New York 
Bronx 
Kings 

Nassau 
New York 
Cwens 

Suffolk 
Westchester 
Total 

HOMEOWNERS LOSSES FROM 50 YEAR EVENTS 
NEW YORK AND CONNECTICUT 

Track #l Track #2 

30,358 8,071 
889 3,447 
538 289 
274 727 

3,141 8,853 
73 379 
41 81 

0 10 
35,li2 17,837 

103 1 0 0 0 
443 89 0 0 0 

35,341 1,787 I77 0 353 
35 9 0 0 0 

877 135 0 0 0 
125 42 0 0 0 

53,328 59,600 14,429 10,259 6,399 
1.582 234 0 0 0 

91,812 81,077 14.808 10.259 8,752 

Track #3 

1,308 
2,757 

81 
2,341 

13,421 
1,895 

328 
10 

22,139 

Tradr #4 

338 
889 

I 
2,018 
1,028 
2,239 

328 
101 

6.738 

Tradt #6 

188 
1,103 

1 
I.292 

628 
2,388 

183 
101 

5,824 

Track #6 

0 
1 
0 

210 
114 

2,497 
183 

81 
3,086 

0 
0 
0 
0 
0 
0 
0 
0 
0 

Exhibit III 

6 Track 
Average 

8,373 

1.448 
148 

1,144 
4,198 
1,575 

183 
51 

15,119 

17 
89 

8,273 
7 

135 
28 

24.002 
299 

30,851 

l - Tracks are 20 miles apart. 



Exhibit IV 
HCHELXJNERS INSURANCE - FORMS 1, 2, 3 6 5 

CONNECTICUT DERIVAlION Of EXCESS YIN0 fACTOR 

Year 
___. 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1986 
1985 
1986 
1987 
1988 
1989 

JotsI 

NO blind HO Total Non-Uind Uird-to- Exceso Excess Excess Non-Excess Non-Wind/ 
Losses losses losses Non-Wind Years* Ratio Losses losses Non-ExCeSS 

_e.*w._- .-v--e.. e..-*_-- -e----e. ..-.-- .__.._ _..___-- __-___.._ -e-e.----- 

39,180 421.a41 382,661 
57,857 525.?88 467,931 
38,690 579,712 541,022 
24,077 483,403 459,326 
22,309 721,579 699,270 
22.428 730,139 727,711 
44,329 922,439 878,110 
52,551 1,064,312 1,011,761 
54,499 1,276,897 1,222,398 
49,047 1.493‘869 1,444.aot 

128,182 1,639,387 1,511,205 
120,507 l,a71,461 1,750,954 
103,326 2,653.614 2,550,288 
222,439 2,8X,392 2,631,953 

91,049 2,679,652 2‘588,603 
112,610 2,610,827 2,506,217 
43.872 2,309,037 2,265,165 

198,862 2,160,841 1,961,979 
523,824 2,899,303 2.375.479 
152,170 3,088,639 2,936.469 
125,697 4,422,524 $296.827 
143,262 4.229.727 4,086.465 
206.742 4,416,828 4,208,086 
367,046 5,290,9af 4.923.935 

2,772&M 8,654,450 5,881,566 
412,685 5,954,039 5,541.354 
415,849 9,040,467 1),624,618 
161,040 9,480,3M 9,319.346 

2,310,963 12,857,786 10,546,@23 

0.102 
0.124 
0.072 
0.052 
0.032 
0.031 
0.050 
0.052 
o.o45 
0.034 
0.085 
0.069 
0.041 
0.085 
0.035 
0.04s 
0.019 
0.101 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.040 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0 .ooo 
0 .ooo 
0.000 
0.000 

0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

9 
0 
0 
0 
0 
0 
0 

0" 
0 
0 

421841 
525788 
579712 
483403 
721579 
750139 
922439 

1064312 

:z;z 
1639387 
1871461 
2653614 
2854392 
2679652 
2618827 
2309037 
2160841 

$2 
0:933 
0.950 
0.%9 

ii% 
0:951 
0.957 
0.967 
0.922 
0.936 
0.961 
0.922 
0.966 
0.957 
0.981 
0.908 
0.819 
0.951 
0.972 
0.966 
0.953 
0.931 
0.951 
0.931 
0.954 
0.983 
0.820 

9.017.976 
Average 

97,360,300 88,342.324 

50 Ytar 15,119,OOO 26,119,000 ll,OOO,OOo 
Averepc 

Median 
Excess Uind Factor 

0.221 
0.052 
0.029 
0.035 
0.049 
0.075 
0.471 
0.074 
0.048 
0.017 
0.219 

2.364 

1.374 

0.052 
1.03a 

0.000 0.000 0 2899303 
0.000 0.000 0 3088639 
0.000 
0.000 
0.000 
0.000 
0.471 
0.000 
0.000 
0.000 
0.000 

1.374 

I 

0.000 
0.000 
0.000 
0.000 
0.420 2 
0.000 
0.000 
0.000 
0.000 

0 

8 
0 

!4b8097 
0 
0 
0 
0 

4422524 
4229727 
441482a 
5290981 
6186353 
5954039 
9O40467 
9480386 

12a577ab 

0.420 2468097 94892203 27.230 
0.014 0.939 

1.323 14548972 11570028 0.951 
0.041 0.939 

1 l ( 0.041 l 0.939 1 I 

*The ratio for a year rmst bc > 1.511 and at Least .250 for that year to qualify es an excess year. 
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HOMEOWNERS TERRITOTIAL EXPERIENCE 
CONNECTICUT TERRITORIAL EXCESS WIND FACTORS 

ExhibitV 

Zone 
28 
29 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

Total 

Earned 
Premium 
1,368,915 
2,231,951 

17,377,565 
1,544,439 

478,717 
7,623,692 
1,587,717 
3,514,166 

991,207 
22,875,106 

3,793,237 
3,399.OlO 
6,164,932 
4.753.070 

77,793,724 

zones county 

28,29,31 Fairfield 
35-38 Harttord 

41 Litchtield 
40 Middlesex 

32-34 NewHaven 
39 New London 
42 Tolland & 

Windham 
Total 

Ex-wind 
incurred 
Losses 

672,307 
1,410.928 
7,866.176 

682,356 
381,935 

4,195,286 
718,700 

1,316,946 
404,694 

10647,978 
1.818,060 
1,478,268 
2632,560 
2,207,787 

36,433,981 

Ex-whtd 50Year Wind/ WIIW Excess 
Incurred Model wind Non-Wind Non-Wind wind 
Losses Losses Rati0 Relativity Factor 

9,949,411 6,373,167 0.641 1.544 1.059 
13,088,318 lJ47.667 0.111 0.267 1.010 
2632,560 146,333 0.056 0.136 1.005 
1,478,268 1,143,687 0.774 1.864 1.071 
5.259.577 4,197,500 0.798 1.923 1.073 
1,818,060 1,575,167 0.866 2.088 1.079 
2,207,787 233,833 0.106 0.255 1.010 

36,4X$981 

LOSS 

Ratio 
49.1% 
63.2% 
45.3% 
44.2% 
79.8% 
55.0% 
45.3% 
37.5% 
40.8% 
46.5% 
47.9% 
43.5% 
42.7% 
46.4% 
46.9% 

15,119,333 
:i, ii i 

Loss Tenttotial Adjusted Loss 
Rati0 ExcessWind Incurred Loss Ratio 

Relativity Factor Losses Ratio Relativity 
1.047 1.059 711,743 52.0% 1.068 
1.348 1.059 1,493,688 66.9% 1.375 
0.985 1.059 8,327,578 47.9% 0.985 
0.942 1.073 732,222 47.4% 0.974 
1.702 1.073 409,847 85.6% 1.759 
1.174 1.073 4,501,877 59.1% 1.213 
0.985 1.010 725,980 45.7% 0.939 
0.799 1.010 1,330,284 37.9% 0.778 
0.871 1.010 408,793 41.2% 0.847 
0.993 1.010 10,755,826 47.0% 0.986 
1.022 1.079 1962,300 51.7% 1.063 
0.928 1.071 1,582,994 46.6% 0.957 
0.911 1.005 2,646,143 42.9% 0.882 
0.991 1.010 2,229,199 46.9% 0.984 
1.000 1.038 37,818,472 48.7% 1.000 

0.415 1.000 1.038 
i -. I i: 



CASUALTY RATE PREDICTION FOR 
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Casualty Rate Prediction for Oil Tankers 
Douglas McKenzie 

A model of oil tanker casualties is presented which permits an e.upected casualty 
ratefor each tanker to be calculated based on its age and casualty history. These 
expected rates are shown co be good predictors of both the actual cosuoly 
expertence and the probability of total loss. The model is based on thefindings 
that 1) the casualty behavior of an individual tankerfollows a Poisson distrtbution 
and 2) the Poisson parameters for all tankers of a specific age follow an 
exponential disttibzltion. As n result. Bayes’ theorem can be used to calculateeach 
tanker’s expected casualty rate given its age and casualty history. 

Ocean Marine Insurance 

A brief summary of ocean marine premium-setting practices is given to provide 
context for the risk model presented.’ 

A five-year average of claims is used as an estimate of the financial risk 
associated with small partial losses (eg. less than S100.000) of a particular 
owner’s fleet of ships. A fleet of five ships with five years of claims history is 
often considered to be self-rating for this component of the hull 81 machinery 
insurance. 

Premiums also have to be established for large partial losses and total losses. 
These events are much less frequent, so. for most owners. having just a few 
ships. the rates are established using industry-wide statistics. These general 
rates are then multiplied by factors which reflect higher or lower relative risk of 
a particular fleet as compared to the larger fleet from which the statistics were 
taken. These factors. called ‘relativities’. are developed for age, size. trade (ie. 
routes traveled). flag (ie. nationality of registered owner) and anything else that 
the underwriter believes might affect the risk of loss. 

Hull & machinery insurance is generally carried by commercial insurers so the 
attempt to define a specific fleet’s (ie. owner’s) level of risk is expected The 
underwriting cycles in ocean marine insurance. however. are pronounced hence 
the actual premiums that are charged may not always directly reflect that 
risk.’ After several years of disappointing underwriting results, though. the 
early ’90s have seen rates. deductibles and exclusions all increase 
dramatically. In addition to the overall rise in premiums, underwriters are 
making unprecedented efforts to identify ‘substandard’ vessels that require 
special attention even to the point of contracting ship inspections. 

The liability side of ocean marine insurance. called P&Z insurance for 
protection and indemnity. is largely handled by mutualized shipowner groups 
known as the ‘PM clubs. ‘Advance calls’ are prepaid by the shipowners early 
in the year and ‘supplementary calls’ are made tf the aggregate of advance calls 
do not cover all the claims that year. Unlimited coverage is provided except for 
oil pollution with a $500 million limit with another layer of S200 million of 
protection available commercially. 

It is. perhaps, somewhat less clear than with hull fnsurers how the P&I clubs 
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allocate the total calls required to the specific fleets at risk since the statisttcs 
available are even more limited. Access to supplementary calls may make the 
question less compelling than with hull insurance in the commercial arena. 
Underwriters for the commercial layer of oil pollution coverage, though, are 
trying to improve selectivity. Just this year, for example, London underwriters 
agreed on a schedule of rates depending on age and hull design features as 
indicators of risk. 

It is also pertinent to note that at this time, and for the foreseeable future, 
freight rates are generally depressed and cannot support the aging fleet’s 
replacement needs. Many in the industry feel that insurers could help this 
situation by pricing insurance for the substandard ships high enough to drive 
them into the scrap yards. 

It appears, from the description above. that tmproved estimates of risk could be 
of use to the industry at this time. This paper presents a new model of tanker 
risk which combines the two types of risk estimates currently being used into a 
single. consistent framework based on ‘reported casualties’. The two lypes of 
esrlmatcs that are combined are: 

Five-year averaging of claims within a fleet for the more frequent, small 
losses and 

Statisttcally dertved rates for the rare, large losses calculated by looking 
across all the fleets. 

The model presented represents a first attempt at this consolidation and much 
work remains to be done. 

Contents of the Paper 

* ‘Reported casualties’ are introduced as a surrogate for actual claims. 
* The statistics of these reported casualties are then described. 
* The method used to calculate an expected casualty rate for each ship, using 

the statistics, is described. 
l Modifications to the basic model are briefly discussed. 
* Comparison of the calculated casualty rates with actual casualty experience 

is made for 1991 and 1992. 
* The expected casualty rates are used to predict the probability of total loss. 
l Areas in which further research is needed are discussed. 

Reported Casualties 

Combining the two types of rtsk estimates requires a new variable to overcome 
the general unavailability of claims information. Even marine underwriters 
may not have reltable five-year claims information if the fleet being considered 
is new to them. 

Lloyd’s List, a daily newspaper published by Lloyd’s of London Press, provides a 
suitable variable. The List reports casualties tncurred by all types of ships all 
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around the world. These casualties. reported by the network of Lloyd’s agents 
following ship activities all around the world, are used as a surrogate for 
claims. 

The New York-based Tanker Advisory Center has compiled a unique database 
which includes every oil tanker casualty reported in Lloyd’s List since 1964. 
The Center has kindly made this database available to Pyramid Systems to 
make the analysis reported here possible. 

This analysis focuses on 2.500 privately-owned oil tankers which incur 
between 350 and 450 casualties each year that are reported in the List. These 
casualties range in severity from plugged fuel lines to total loss. They do not 
usually have financial impact associated with them. The overall frequency of 
these casualties (1 per ship every 5-7 years) is seen to lie between the more 
frequent small insurance claims and the less frequent large claims. 

There are a few points to make about these casualties before describing their 
statistical behavior: 

l Virtually all ‘serious’ incidents undoubtedly appear as reported casualties. 
This common sense expectation is supported by the experience of 
government-owned vessels. These ships have substantially fewer reported 
casualties than privately-owned vessels. however. they have essentially the 
same number of serious casualties. This is probably due to mechanisms 
which can render the small casualties incurred by government ships invisible 
to the Lloyd’s network but not the serious ones. 

l The Lloyd’s reporting network provides a reasonably uniform mechanism that 
does not introduce any obukms biases. There are certainly other networks 
that are more comprehensive in specific areas but they would introduce 
considerable bias because of uneven interest in some ships over others - eg. 
ships that visit American ports or ships insured by Lloyd’s or ships of a 
certain flag etc. 

l There is a wtde variety of types and severities of incidents reported by Lloyd’s 
This analysis only considers the fact of the incident. not the type or severity. 

The Statistics of Reported Casualties 

The purpose of the model is to quanfffy the propensity to have casualties for each 
of the 2,500 tankers of interest. This can then be used to estimate other 
things as well, for example, the probability that the ship will become a total 
loss during the following 12 months. 

The method presented is based on the fact that the occurrences of casualties 
are described very well by conventional probability distributions. The 
discussion of these distributions is broken up into two parts: First. the 
number of casualties that occur during any one calender year and second. the 
number of casualties that have occurred since a tanker first enters service. 
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Annual Casualty Experience 
The first component of the basic model is the use of the Pofsson disb-lbutton to 
describe the number of casualties that a tanker has in one year. The single 
parameter of the distribution. A. is the average number of casualties in a year, 
This parameter provides the quantification of the propensity to have casualties 
that we are trying to establish for each tanker. The fleet average is about 0.17 
casualties per tanker per year. 

An estimate of i, could be made from the tanker’s own average annual rate over, 
for example. the last five years or even over its entire lifetime. This paper 
describes a different method for estimating i. which takes into account the 
statistical behavior of the entire fleet. 

The second component of the basic model is the use of the e.xponential 
distribution to characterize the variation of the E.‘s for tankers of a particular age. 
That is. 

pdfo. / a+?e=;r) = e (“!>.a 

where I.., is the average number of casualties for all ships of age ‘a’. 

The expected value for the probability of ‘n’ casualties occurring for all of these 
vessels (as opposed to just one specific vessel) is calculated from: 

= (An)” / (1iAa)““” 

showing that the frequency of casualties for ships of the same age are expected 
to follow a geometric distribution. This formulation can be described as a 
Bayesian model with a Poisson process. a prior distribution of a degenerate 
Gamma function (ie. exponential) and a posterior distribution of a degenerate 
negative binomial Me. geometric). General derivations are presented by 
Dropkin.” 

[ Thfs space keeps Figure I & its text together on the next page ! 
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Figure 1 shows the actual frequencies of casualties for three different ages. 
The theoretical results are shown for both the geometric and Poisson 
distributions with the same i.. The geometric distribution is superior to the 
Poisson at all three ages. In fact. the geometric distribution matches the 
actual data well at all ages considered. ie. from 0 to 34. 

IFigure 1 - Annual Casualtv Fresuencies - Actual Cornoared to Theorv 

5 -2 0.2 

‘Toial 5111ps 383 z-7 917 

i. / = 0.094 1.10 = 0.146 ;.I: = 0.227 

The ships used at each age to calculate the ia’s were drawn from all relevant 
ships at risk over the most recent 5 years. For example. consider the 383 ships 
that are used to establish 1.1 = 0.094. 89 of these ships were 1 year old (ie. 1 
year old at their last ‘birthday’) on 1 f 1 I92 and they incurred 8 casualties 
during 1992. Similarly. 77 of the ships were 1 on l/ l/91 and incurred 8 
casualties during 199 1. 76 ships were at risk during 1990 and had 3 casualties 
while 74 ships, during 1989. had 6. The oldest group of ships used were 67 
vessels that were 1 on 1 / 1 / 88 and incurred 11 casualties during 1988. 

When all 35 ages (0 to 34) are considered the L’S are seen to follow a 
reasonably smooth progression shown in Figure 2. The solid dots are’ the 
actual L’S calculated from the raw data. The light lines are the limits of the 
95% confidence intervals around the actual 1.;~. ie. we are 95% confident that 
the ‘real’ i.a’s lie within the band of the light lines. The solid line is just a 
fitted curve with which age-specfic casualty rates can be conveniently 
calculated. The contldence 
intervals are determined 
from the variance of the o 30~ 

Figure 2 - ha as a Function of Age 

casualty ratio which. tbr 
the geometric distribution. ‘Is 
is given by ‘ha*( l+ha)/ # ships. ‘1 z. 

At this time, there is no 015 
completely satisfactory ‘i ,. 
explanation for the drop in 
casualty rate after I7 years. ~1.05 
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Lifetime Casualty Experience 
Since the annual number of casualties, ma, of tanker ‘t’ at age ‘a’, follows a 
Poisson distrtbution, with parameter bla. then the number of casuaities 
accumulated by a single tanker after ‘a’ years. Nta, must also follow a Poisson 
distriburlon, with parameter eta given by: 

ha = rk h, k=Otoa-I 

Capitals indicate @zf&ne, or cumulative, (as opposed to cuurunl) variables or 
parameters. 

That the lifetime experience follows a Poisson distribution is demonstrated 
through iterative convolutions of the annual experience. In general, 

PR(N ~~IS=ZI) = 2, PR(~-njyrs=a-~) * pr(nIse=a-I). II = OWN 

where ‘PR’ indicates the probability for the lifetime number of casualties and 
‘pr’. the probability for the annual number.’ At the end of the second year. for 
example, this becomes 

PR(N)YIs=~) = 2” PR(N-III~ws=I) L: prh)age=l), n=OtoN 

= x:, PtfN-n)age=O) * pfln(aye=l), n=OtoN 

= c” e-in, j&N~nj/(N-n)! * +I &in/n!, n = 0 to N 

= .+@*).tll (k,o+hr,)N/N! 

ie. a Poisson distribution with parameter AU = irf~ + hIl. Repeated convolutions 
yield Poisson parameters, AU, given by: 

hta = At la-ll + kt ,a-il. where AO = 0 
= zk htk. k=Otoa-1 

Because the i.ta’s vary with age it is not clear how the AU’S ought to vary across 
the fleet for any given age. This is because the distribution of the sum of 
independent variables, such as the L’S. even with simple distributions, like 
the exponential, are usually difficult. It turns out, in this case though. that 
the hta’s, like the hta(s, are also distributed exponentially. This is implied from 
the fact that the frequency of @time casualties, like the frequency of annual 
casualties, nearly follows a geometric distribution. That the AU’S are 
distrtbuted exponentially is crucial to the basic model and discussed hrrrher in 
the section “Calculating the Expected Casualty Rate”. 
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Figure 3 shows the actual lifetime frequencies of casualties for three different 
ages. The theoretical results are shown for both the geometric and Poisson 
distributions with the same A. The geometric distribution matches the actual 
data reasonably well at all three ages, while the Poisson grossly deviates at the 
larger values of A for 10 and 15 year old tankers. The geometric distribution 
matches the actual data reasonably well at all ages considered, le. from 0 to 
34. 

Figure 3 - Lifetime Casualty Frequencies - Actual Compared to Theory 
Table entrles are rhe number of ships fhat inrurred the # of casualties shown in the lefi 
hand column. For each we the actual s of shius is shown IAcr.1. the # Dredicted bv the 
geomerric dlsfribunon IG&.r arld the R that w&d have been predicted had we useh the 
Poisson distriburion (Poi.). 

P of I Year Old ShiDs 10 Year Old ShiDs I5 Year Old Ships 
CasualtIes Act. Gee. Rx. Act. Cm. POi. Act. GW. POi. 

0 335 331.1 326.4 184 182.9 96.5 238 260.7 82.4 
1 39 44.8 52.2 114 112.2 153.3 238 189.9 198.5 
2 7 6.1 4.2 63 68.8 121.3 137 134.3 239.2 
3 1 0.8 0.2 48 42.2 64.6 104 95.0 192.1 
4 1 0.1 24 25.9 25.7 67 67.1 115.8 
5 12 15.9 8.2 35 47.5 55.8 
6 8 9.7 2.2 17 33.6 22.4 
7 10 6.0 0.5 15 23.7 7.7 
8 4 3.7 0.1 15 16.8 2.3 

29 --!I 5.7 51 40.4 0.8 
Total Shtps 383 473 917 

~1=0.16 AIrI= 1.59 ,ZIS-2.41 

There is a slight systematic difference between the actual frequencies and 
those given by the geometric distribution for tankers that have been in service 
longer than 10 years. The number of ships wtth no casualties is overstated 
while the number of ships with one casualty is understated. This effect, seen 
in Figure 3 for the 15 year old ships. is discussed later in the section 
“Modifications to the Basic Model”. 

When all 35 ages (0 to 34) are considered the ha’.3 are seen to follow a 
reasonably smooth progression shown in Figure 4. The solid dots are the 
actual A*‘S calculated from the raw data. 
95% confidence intervals 

The light lines are the limits of the 

around the actual A~‘.s, ie. 
we are 95% confident that 
the ‘real’ A.‘S lie within the 
band of the light lines. The 
solid line is just a fitted 
curve with which age- 
specfic lifetime casualty 
rates can be conveniently 
calculated. The confidence 
intervals are determined 
from the variance of the 
lifetime casualty rat10 given 

n. Figure 4 - IL as a Function of Age 
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by A,*( l+~)/ # ships. The drop in casualty rate between 22 and 29 years is not 
satisfactorily explained at this time. 

Calculating the Expected Casualty Rate 

The calculation of Ala. the casualty rate for tanker I’ at age ‘a’, is based on the 
assumption that ‘htsl& = .AM/A~. 

This assumption follows from an effort to understand why the ~t~‘s are 
exponential. An explanation could be that the hta’s are not really independent 
at all because )~ii~ remains more or less constant over a tanker’s lifetime. 
This condition eliminates the complexities of convolutions and assures that 
the lifetime casualty rates will be exponential. It also implies that AUJA~ will 
be constant and have the same value. hence hta/ha = ntJAaas specified, 

Special importance is asstgned to this ratio because of its perslstence. It will be 
referred to as the ‘casualty relativity’, W. of the shfp because It spectjies an 
indluidual shfp’s risk relatlue to the rest oftheJleet. 

The calculations proceed in three steps: Bayes’ theorem is first used to 
calculate an expected value for its given Nts as described below. Then, Rt is 
calculated from Rt = hta/Aa. Finally, the expected value of hta is calculated 
from bra = Rt * )a. 

The development of EIlzr.) begins with 

where pdfIh 1 aa~~=a. its) is obtained from Bayes’ theorem as follows 

Hence, Ell\r, 1 Nta) I1 +Nta) t (~,P’Jm+ll / (1 +A.$N~+Q~ 

(~a)~= ,’ (1 +~a)++‘) 

(l+Nra) * ~a, 

(l+Aa) 

which yields Rt = ( I+NwJ / (i+n,). hta is then calculated as Rt * ~a. 
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Modifications to the Basic Model 

There are two modifications that are made to the basic model as described 
above. 

The first relates to the systematic error in Zgeffme casualties for ships that have 
been in service more than 10 years. The basic model overstates the number of 
these ships which have not incurred any casualties and correspondingly 
understates the number that have incurred only one. Other frequencies are 
predicted accurately. 

A change in the assumed distribution of A’s from the exponential to the more 
general translated Gamma function eliminates this systematic error. The 
effect of this change on the calculation of R was studied for all ages between 9 
and 23 for N = 0.1.2 and 3. It was found that for N = 0 the basic model 
predicted a smooth drop in R from 0.42 at 9 years old down to 0.22 at 23 years 
whereas the more accurate model yielded a constant R of 0.42 between 9 and 
23 years of service. Similarly for N = 1 the more accurate model predicts a 
more or less constant R of 0.50 for ships older than 13 years. For N = 2 and 3 
there was no significant difference between the basic model and the more 
accurate model. 

The basic model has been modified by replacing the R value calculated by the 
exponential model by the constant value found above. This method of making 
the modfflcation was chosen for two reason: First, the calculations with the 
translated Gamma function are much more complex and time consuming than 
those with the exponential hence avoiding them with no loss in accuracy is 
convenient. Second, the roughly 800 ships that are affected by this are at 
below-average risk whereas the value of the model is in its ability to accurately 
quantify the risk of those ships that are at above-average risk. 

The second modification results from the basic model’s tendency to exaggerate 
the deviation of a tanker’s casualty ratefrom the avemge mte. For example. 
tankers that the model identifies as being at high risk. do have many 
casualties. but not quite as many as predicted. Similarly, tankers identified as 
being at low risk, do have very few casualties, but slightly more than predicted. 

At this time there is no satisfactory explanation for this ‘regression towards 
the average’ but, nonetheless. a satisfactory, heuristic correction is made with: 

R correcred = R o'74 

For all practical purposes the range of corrected R-values is 112 to 3. 
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Comparison of Expected Casualty Rates with Actual Rates 

casualties in 1991 
On l/1/91 there were 2,420 privately-owned tankers. The basic model was 
applied using the same kind of casualty information presented earlier but only 
using data before 12/31/90. Values for h were calculated for all of the ships. 
Adding up all the h’s yielded a 
total prediction of 436.6 Figure 5 - 1991 Casualties, Pred. & Act. 
casualties for an average rate ysk casurlity -- if of Casualties -- 

of 0.180 (436.6/24201. The fleet 9 Rare “an” #sllips ihdicred &pal& 

was then broken up into the 6 ,,. ,,,&“,:~~: ‘izi :~~:~‘:~:~ 101 -0.37 

risk groups shown in Figure 5. , .I 
* 124 -1.20 

-I 
o.2zs-o,3, 5 

299 i9.9 AID.1 94 +1.40 

The lowest risk group includes ::z 
ships with I’S less than 75% of 3,0 

~:$$~-~,“~ 128 45.1 Lt 7.8 39 -0.78 

the average rate. These 1043 
ships (43%) collectively had an 
actual casualty rate of 0.097 

>72 32.0 5 6.8 40 +1.18 
58 35.2 I i.5 27 .1.09 

2420 436.6 iz?.~ 425 

!101:1043) while the predicted rate was 0.101 1105.0/1043). Since this rate is 
about half the lleet average of 0.180, the group is labeled ‘0.5’. 

The average risk group, labeled ‘1 .o’, consists of all ships with >. between 75% 
and 125% of the average rate. With 820ships. this group is 34% of the fleet. 
Collectively they experienced a casualty rate of 0.151 (124/82Ol while the 
predicted rate was 0.170 (/39.4/8201. 

The remaining 557 (23%) of the ships are spread between the four high risk 
groups which run from 1.5 up to 3 times the average rate. These ships, all 
taken together, had a casualty rate of 0.359 (84+39+40+27/557), twice the average 
rate, while the predicted rate was 0.345 (79.9+45.1+32.Os35.2/5571. 

The predictions seem to match the actual results well but verifying this 
requires that the difference between the actual and predicted number of 
casualties be looked at carefully. These differences are expected to be the 
result of the Poisson processes themselves and not ‘error’. In this sense, these 
differences are part of the prediction - they must occur, otherwise the model 
cannot be correct. The issue, then, is determining whether the actual 
differences are consistent with the statistics of the model. To do this, the z- 
values given by z = (A-PI/n are considered - ‘A’ and ‘P’ are the predicted and 
actual number of casualties and CT is the expected standard deviation. Taken 
all together, the z-values should behave like a random sample from the unit 
normal distribution. N(O.1). 

The mean of the z’s is 0.14 (p>.8) with U= 1.15 (~2.3). These values are 
comfortably consistent with N(0.1). Further. there is no evidence of skewness 
Icoef. of skew= -0.521 and only slight evidence of negative kurtosis (coef. of 
kur= -1.50). There were no tables available to calculate p values for skew and 
kurtosis since n = 6 is so small. An alternate measure, a 3 df ChiP test 
constructed to maximize the effect of any kurtosis. yielded pzO.29. 
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Casualties in 1992 
On l/ l/92 there were 2.507 privately-owned tankers. The basic model was 
again applied using, in addition. the casualties incurred during 1991. New 
values for ). were calculated for all of the ships. Adding up all the h’s yielded a 
total prediction of 448.8 casualties for an average rate of 0.179 (446.8/25071. 
Figure 6 shows the fleet broken up into the same 6 relatfw risk groups. 

The first thing to note for 1992 is that the actual number of renorted 
casualties, 34:: is only 76% of 
the total predicted. This is 4.7 
<I‘S below the prediction 
lp’o.o002%). This large 
difference is unlikely to be part 
of normal variation. Possibly 
this reduction is due to the 
increased deductibles and 
exclusions mentioned In the 
introduction. resulting in more 

Figure 6 - 1992 Casualties, Pred. &Act. 
RlSk Caslmlty -. tt of camames -- 
Croup Rate Hanee bShips Predicted u 

0.5 -0.134 1115 111.9r11.1 95 
1 .o 0.134-0.221 812 135.8 112.6 98 
1.5 0.224-0.313 313 83.1 f10.z 67 
2.0 0.313-0.403 137 48.4 + 8.1 32 
2.5 0.403-0.492 59 25.8 * 6.1 21 
3.0 0.492- 71 43.8 + a.4 28 

-- - 
casualties going unreported. 2507 a-48.8 223.0 341 

If all of the L’S are scaled down Figure 7 - 1992 Casualties, Pred. &Act. 
to 76% of their calculated Revised Predictions 
value we will still be able to ask c‘asllalt~ -- il Of Casllaltles --. 
assess the model’s ability to C;rouR Rate Ram% d?jtlip_s Revised Prrd. Acrual 1 

quantitatively discriminate 0.5 -0.102 1115 85.0 t 9.6 95 +l.OJ 
between the different ask 1.0 t>.lo2-0.170 812 103.2 +10.8 98 -0.48 

levels. Figure 7 shows that 1.5 0.17~~~3s 313 63.1 + 8.i 67 +0.45 

the scaled-down predictions 2.0 0~~~306 137 36.8 i 6.8 32 -0.71 

agree well with the actuals. 2.5 0.306-0.374 59 19.6 * 5.1 21 +0.27 
3.0 0.374- 71 33.3 i 7.0 28 -0.76 

The z-values have a mean of - -- 

0.03 and ~7 = 0.73. again, 
2507 341.0 341 

comfortably consistent with the expected N(O.l). The skewness of 0.33 
continues to be insignificant and the kurtosis is - 1.26. The two year 
persistence of negative kurtosis is noted with no explanation. 

Predicting the Risk of Total Loss 

There is a direct relatfon between the probabiltty oJ a ship becoming a total loss 
and its predicted casualty rate. This is established by analyzing all 202 total 
losses, both actual and constructive, that have occurred to privately-owned 
tankers since 1976. The basic model was applied to each of these ships based 
on their age and casualty record on I/ 1 of the year they were lost. Account 
was made. in these calculations. for the fact that more casualties were 
reported in the ’60s and early ’70s than are reported now. 
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The TLs were then grouped into the same 6 risk groups used before. Pigun 8 
shows an estimate of how many ship-years at risk there have been, in each 
risk group, during the 17 years since 1976. These estimates were made by: 
First, assuming 2,500 ships were at risk each year. Second. assuming the 
percentage of ships in each risk group has been relatively constant and can be 
estimated by averaging the percentages in the ‘91, ‘92 and ‘93 fleets. The ratio 
of TLs to number of ships at risk is then given along with its TV. The n shown 
reflects no model error, only variation 
implied by the statistics of the Poisson NgUrr: 8 - 202 ‘I&i firom ‘76 to ‘92 
distribution. Actual and Fitted 

fUsk 

The three high rfsk groups are pooled Grout WU?.% *I!& a Fit 

in the last hne of Ngure 8. The shtpa 0.5 1~00 24 0.13% f0.03 0.13% 
in this pool, with risk = 2.4 (le. 1.0 14,100 74 0.52% kO.06 0.48% 

casualty rate is 2.4 times the average), l.5 5,300 37 0.70% +_a.11 0.82% 

are 3x more likely to be reported as total 2.3 2,300 40 1.74% kO.27 1.17% 

losses than average and J Ox more I&e@ 2.5 1,100 18 1.64%50.39 1.51% 

to be reported os total losses than the 3.0 1,100 ‘3 0.82% f0.27 1.86% 

Low rtsk shtps. -- 
42,500 202 0.48% to.03 0.48% 

There is no formal prediction of total IMOM High mk Gmu~ 
loss rates to compare with the actual 2.4 4,500 67 1.4996f0.18 1.44% 

values, however. it Is seen that, 
generally. as the risk goes up, the rate of TLs goes up. A straight line of total 
loss rate vs risk fits well to the three lowest risk groups and the pooled high 
risk group. The hne is given by 0.69&&k-0.31) and can be used as a ‘predictor’ 
for the total loss probabihty of a ship where r&.k = ?.t/havcragc. 

In actual practice, the total loss probabilities for ati ships are scaled, after 
being calculated, so that 7 total losses are predlcted for the coming year stnce 
this has been the consistent fleet experience since 1985. 

Summary and Areas of Further Research 

The statistics of oil tanker casualties reported in Lloyd’s List are found to 
follow Poisson’s distribution for individual tankers whtle the Poisson 
parameters for ah tankers of the same age are found to follow exponential 
distributions. Bayes’ theorem permits the calculation of the casualty 
relativity, R, for each ship given its age and lifetime number of casualties. An 
estimate of a ship’s casualty rate is made by multiplying the average casualty 
rate for tankers of the same age by R. 

The predicted casualty rates permit the tankers to be separated into six risk 
groups in order to check their accuracy. The predicted number of c;isualties for 
each group was found to be consistent with the number actuahy incurred 

The usefulness of the predicted casualty rate was demonstrated by showtng 
that the probability of total loss correlates with the predicted rate. 
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Oil spills and other serious casualties are currently being examined as their 
frequency varies with A and also with age and R separately. 

There are three other areas which need additional attention: 

The uncertainty in A 
Experience-based ratings can suffer from the infrequency of the events. The 
principal effect that this has on the h’s is a relatively large variation for a given 
N. (U for A is (l+N)1/2/(l+n) as compared to the expectedvalue of (l+N)/(l+~).) 
One purpose of Dropkin’s paper, in fact, was to point out this problem in the 
arena of auto insurance for individuals. For oil tanker casualties, it could be 
useful to address this problem by using additional information to select a 
value for i, slightly different from its expected value. For example. a tanker 
with an owner who has few casualties, could be assigned a ), somewhat less 
than the expected value, while a tanker with an owner who has many 
casualties could be assigned a h somewhat greater than the expected value. 

R may change with time 
The basic model assumes that the casualty relativity. R. is constant 
throughout a tanker’s lifetime. There are some circumstances. though, where 
this may not be reasonable. for example, after a tanker is sold to a new owner. 
It would be desirable to identify. as quickly as possible, when recent casualty 
experience may indicate a change from the historical experience. 

utilizing claims infomlation 
Establishing a relationship between actual claims and h could increase the 
utility of the model. 

Notes and References 

1 Flitner and Brunck, Ocean Marine Insurance, Insurance Institute of America 
discusses all aspects of marine insurance in detail. 

2 Borch. Karl, “Mathematical Models for Marine Insurance.” Scancilnaulan 
Actuarlcrl Journal, 1979. pp 25-36 discusses factors other than risk that enter 
into marine insurance. 

3 Dropktn. Lester, *Some Considerations on Automobile Rating Systems 
Utihzmg Individual Driving Records”. Proceedings of the Casualty Aciuarid 
Society XLVI, 1959, pp 165-176. 

4 Strictly speaking ‘n’ tn these equations is ‘nt=’ and ‘N’ is ‘Nt~,ll’. The ‘t’ and 
age designating subscripts are dropped to improve readability. 
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A NOTE ON USING INFLATION-TRUNCATED DATA 

Rodney Kreps 

Abstract: 
When losses are reporred excess of a fixed amount, the effect of inflation 

on the trended values is to eliminate information from fhe lower end of the data 
for the older years. Consequently, the corresponding low end of the recent 
years is not used in analyses. A simple maximum likelihood solution is 
proposed which uses all the data. The price paid is that the frequency and 
severiiy distribution analyses are then intertwined. 

Introduction: 
In pricing any insurance or reinsurance contract, it is always necessaty to 

restate past loss data to current or future conditions. In doing this, the four 
elements are changes in exposure, development on known claims, IBNR 
claims, and trending for inflation. This note considers only the latter. When all 
claims are known from ground up, inflation is frequently represented by 
applying a common index to all claims from a given accident year; or, rarely, by 
different indices for different sizes of loss. 

For certain contracts there is another complication induced by inflation. 
Loss data in reinsurance and excess pricing is frequently only reported when 
the loss amount is excess of some value, for example half of the attachment 
point. Inflation makes losses in the older years economically equivalent to 
larger losses in the more recent years. For example, with a reporting level of 
$50,000, a $40,000 1985 loss will not be reported, whereas the same physical 
loss in 1990 may cost $60,000 and will be reported. With a constant reporting 
value, the net effect is that the on-level data is truncated from below by an 
increasing amount as one goes backward from the most recent year. In order to 
regard each year’s data as a sample from the same population for statistical 
purposes, one must use economically equivalent data across the years. This 
implies that the lower values of more recent data are not used, thus losing 
information. 

The solution using all data is approached starting from the most intuitive case of 
Poisson frequency and multinomial severity. There, the explicit maximum 
likelihood equations are given and solved. Next, the negative binomial is 
considered. Although its maximum likelihood equations can be written down, 
numerical solution of the minimization of the negative log-likelihood seems the 
way to go. From there, a heuristic argument leads to the form of the negative 
log-likelihood for a continuous severity distribution and either frequency 
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distribution. A consequence of the form is that frequency and seventy cannot be 
determined independently. 

The simplest version: Poisson-multinomial 
The typical problem is to estimate for a prospective year the frequency h 

of events and the severity distribution, having exposure information and past 
losses reported excess of a fixed amount. The losses are brought to ultimate, 
including IBNR losses, and indexed to the year of interest. This is, or course, 
the actuarially problematical part. 

For simplicity’s sake, it is first assumed that a number of loss ranges 
(“bins”) are defined, e.g. $1001 to $2000, $2001 to $5000, etc. The data is the 
number of events in each bin, by year. The information desired is the overall 
frequency of loss and the probability of a loss falling into each bin. This brings 
up a situation such as is pictured below: 

I 
probabilities 

P5 
P4 
P3 
P2 
Pl 

year: I 
exposure: 

El 
Poisson parameter: 

h 

N5 
N4 
N3 
N2 

3 

The dollar bins run vertically upward and the years run horizontally to the 
right. The $k are the number of event counts in each bin, by year. The 
underlying probability for an event to be in bin “i” is pi and the total number of 
seen events in bin “i” is Ni. The exposure index relative to the year of interest 
for year “k” is &k. The process is taken to be Poisson, with parameters given by 
the product of the exposure index and the Poisson parameter of the year of 
interest. The problem is to estimate both lambda and the probabilities for each 
bin. 

The complicating feature is the missing data (indicated by X) in bins 1 
and 2 for year 1, and in bin 1 for year 2. Usually, in order to compare 
economically equivalent data it is necessary to disregard the lower two bins for 
all years. This has two unfortunate consequences: First, the lower end of the 
available data may be higher than we require for the problem at hand. 
Alternatively, in order to get data low enough, we may be limited in the number 
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of past years that we could otherwise use. Second, we ignore perfectly good 
data (as much as any reinsurance data is perfectly good) which could add 
information. A caveat is appropriate here - the IBNR and development is more 
uncertain in the recent years, and this may temper one’s desire to use the data. 
The other side of the coin is that the older years’ data may also be suspect 
because of changes in the business mix and possible inappropriateness of the 
inflation indices. 

Happily, there is a maximum likelihood solution to the problem of using 
all the data. In order to provide it, begin by considering only year 2 (and drop 
the corresponding subscript to save typography). Given pl to p5, the probability 
of observing n1 to n5 is the multinomial formula 

A (Pi)“1 5 5 
M(ni ,..,n5) = T(N+l) - 

i-1 r(ni+l) ’ = - 
N=ix,ni andispi=l 

The Poisson probability with parameter h of observing N events is 

ANe-h 
‘VW = r(N+l> 

The key remark is that if the total is Poisson distributed with parameter h, 
the probability of observing np,.., n5 with no information on n1 is the sum over 
the probabilities of observing no events in bin 1, one event, two events, etc.: 

prob = vFoM(v.n2 ,.., n5)P(v+n2+..+n& 

I? (Pi)“1 = 
E (p, )vh(v+n2+-+n5)e-h 

i=2 Uni+l)v=o 1-(v+l) 

=e 

The effect is that of a multinomial in the observed counts times a factor which 
accounts for the reduced probability available to them. 

For any year, a similar formula holds, which can be obtained by thinking 
of merging all the empty bins and using the preceding derivation. The 
probabilities have individual Poisson parameters skh, and the product of the 
probabilities is the overall likelihood. Ignoring terms which do not depend upon 
h or pi, the negative logarithm of the likelihood (NLL) is the sum of the NLLs for 
each year: 

NLL = &lh( 1 -PI -p2) - iS3ni1 ( In[pi]+ln[h] } 
= 



+EpX(l-Pf ) - i52ni2 I ln[Pil+fn[~l ) 
= 

+&3X - i4 “13 { In[pil+W 1 + %i$ Pi - f ) 
z :: 

A Lagrange multiplier term y has been added, to facilitate solution. To find the 
maximum likelihood, we set equal to zero the partial derivatives with respect to 
‘y, X, and all the pi : 

a!+ => 

a(NLL)=Q => 
apl 

5 
Eppi =l 

i=l 

y3- 

Pl 
= y - (E, +@. 

“22 + “23 
P2 

= y-&lx 

“31 + “32 + “33 
p3 

=Y 

“41 + “42 + “43 
P4 

=Y 

a(NLL)=* => 
aP5 

a(NLL)=O =, 
ax 

“51 + “52 + “53 
p5 

=Y 

h= 
itNi 

q (1 ‘Pl -P2)+&2(’ -P1)+&3 

Thus, we end up with a nonlinear system of seven equations in seven 
unknowns. 

Fortunately, the solution is both intuitive and easily generalized. The 
values ekh are the mean total number of events, including the unseen events, in 
year “k”. Remembering that Nf is the total seen events in bin “i”, the solution can 
be expressed as 

Nl 
PI =- 

E3h 
N2 

p2=(E2+E3)h 

N3 
p3 = (El +&2+&3)X 
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N4 
” = (El +&2+&3)X 

N5 
” = (El +&2+&3)h 

That is, the probability for each bin is the total number of events 
seen in it divided by the expected total number of events that could 
have contributed. 

The quantity y is the mean total number of events 
y = (El +&2+&3)X 

and finally, the frequency parameter k is 
Nl N2 N3+N4+N5 

it = YZj- + (E2+E3) + (El +&2+&3) 

The expected frequency is a sum over bins of the exposure-leveled 
number of seen events. 

These rules seem quite intuitive. The generalizations to more complicated bin 
and/or date structures are fairly self-evident, as the same rules will still hold. 
Variable reporting levels by year would be one way the structure could be more 
complex. 

Negative Binomial: 
If the distribution is taken to be negative binomial instead of Poisson, 

when we go back to the discussion of year “2” the lemma is still straight-forward. 
The negative binomial probability with parameters (a,~) of observing N events 
is 

NB(N,a,p) = 
pNr(N+n)( 1 - p)Q 

r(N+l)r(a) 

with w h I mean = 1 
variance 1 

- P 
and - = - mean 1 -P 

The probability of observing n2 ,..,n5 with no information on nl becomes 

prob = 
(1 - p)Y(n2+..+n5+a) 

A 
(PPi)“i 

(1 - PPl) n2+..+n5+y-(,y12 r(fli+l) 

This has a similar form to the Poisson case, but with a different modifying 
function. The Poisson form is recovered in the limit p -> 0 with h held constant. 

The NLL for the three years has the corresponding changes. It is 
assumed that p, which governs the ratio of variance to mean, is held fixed, so 
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that the exposure changes manifest (proportional to the mean values) through 
the ok = ako. 

Apart from irrelevant quantities, the NLL is 

NLL = q a In 
[ 
’ - P(Pl +f’2) 

1-P 1 + @31+..+n51 NW - p(p1 +pp)l 

@3j+..gn51-‘) 

-t a2ct ,.F”pp,i 

Ink1 a+vl - i\ ni, { fnIPJ+ln[Pl ] 

+ (n22+..+I~2)ln[l - ppl] 

(n22+..+n52-1) 
z 

v-0 W+~+vl - i\Q I HPil+ln[Pl 1 = 
(nt+..+mj2-1) 

c 
v=o W3a+vl 

Again, the extensions to more complicated date or bin structures follow the 
same form. The partial derivative equations here are far more complex than in 
the Poisson case. At this point it is easier just to work directly with the NLL and 
do the minimization numerically, rather than trying for analytic solutions (this is 
why the Lagrange term has been omitted). 

Continuous distributions: 
Often parameterfzation of the loss distribution - for example by a Pareto 

famify - is of interest. Heuristically, this may be thought of as the limit where the 
bins become very small. All the ni are zero or one (except for the case of 
identical losses), and the probabilities pi are not independent, but given by the 
underlying distribution. Let us denote the lowest observable loss value for the 
year “k” by Lk; the underlying cumulative distribution function by F(x); and the 
corresponding probability density function by f(x), where we have supprbssed 
the explicit parameter dependence in the seventy distribution. 

The parallel to the discussion of year “2” is that there are n events xl,..,xn 
observed above the value L and the overall frequency is Poisson distributed 
with parameter h. By a similar development to the earlier discussion, the 
probability of seeing these n events with no information below L is essentially 

prob = e-h(l-F(L))hnft f(q) 
i=l 

The overall likelihood is the product of these for each year, as before: 
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likelihood = 
k=l 

The corresponding NLL is, ignoring irrelevant terms, 

NLL = kf, { Ekh[ 1-F(Lk)] - nkln(h) - i: ln]f(xik)] 1 
= = 

Letting N be the total number of seen events, this achieves the conceptually 
simpler and perhaps more familiar form 

N 
NLL = k!,&kk[l-F(Lk)] - Nln(h) - i5 ln[f(xi)] 

= 

Equating to zero the partial derivative with respect to h gives 

a=, N 

kz,&k[ l-F&k)] 
Z 

This equation is completely parallel to that of the last partial derivative in the 
multinomial case. It gives h as a function of the data and the parameters of the 
distribution. The parallel solution for h would be 

Ml M2 M3 
a = (Ef +E2+&3) + (E2+E3) +q 

where Ml is the total number of events greater than L1, M2 is the total number 
of events greater than L2 and less than LI, and M3 is the total number of events 
greater than L3 and less than L2. Since there are many fewer degrees of 

freedom in this case than in the multinomial, this value of k is unlikely to be the 
actual solution. However, it should provide a good starting point for the 
minimization of the NLL. 

If we denote the parameters in the seventy function collectively by the vector p , 
the partial derivative equations have the form 

Once more, numerical minimization is probab\y easier than trying to so\ve these 
equations. 
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The negative binomial case has a completely parallel development, with 
the probability of observing n events with no information below L being 

prob = 
(1 - p)al-(n+a) 

A 
{l - p[l-F(L)]}n+ar(a) ‘” i=l 

f(q) 

The likelihood and NLL for the three years have the corresponding changes. 
Again letting N be the total number of seen values, 

NLL = -aln[l-p] ki,Ek 
N 

SC 
- NW4 - i5 Wfb$l 

= 

+ ktl {(nk+Eka)ln[l-P(l-F(Lk))I - 
(n -1) 

c v o In[%a+v] ) 
= 

Conclusion: 
The price we pay for being able to use more data is that the frequency 

and severity maximum likelihood calculations are now interdependent. This will 
induce correlations between the frequency and severity parameters, which will 
manifest in the variance-covariance matrix’ resulting from the numerical 
minimization. In doing any model which allows for the uncertainty of the 
parameters, these correlations must be taken into account aw well as the 
parameter variance. 

We lose, except in the simplest case, the possibility of finding analytic solutions. 
Fortunately, we usually want numbers anyway, and the explicit construction for 
the NLL allows (relatively) straightfotward computation. 

Addendum: 
Since we have the NLL, we can also put in the possibility of trend by 

making h or a an explicit function of time, in an obvious extension. Then for a 
given severity distribution family, there will be at least four possible frequency 
distributions: trended and untrended Poisson and negative binomial. The 
decision between them can be made on the basis of the smallest NLL, with 
appropriate allowance for the different numbers of parameters. One way of 
doing this is to use the Akaikez criterion: add to the minimized NLLs the number 
of parameters in the fit, and choose the lowest value. 

‘The derivation of the variance-covariance matrix from the mixed partial 
derivatives of the NLL is given in, for example, Loss Distributions by Hogg and 
Klugman, John Wiley and Sons (1984) page 81 and following. 
2See the discussion in any good econometrics book, or go to Akaike, H. (1973). 
“Information Theory and the Extension of the Maximum Likelihood Principle,” 
in B.N. Petrov and F. Csaki, eds., 2nd International “Symposium on Information 
Theory, Akailseoniai-Kuido, Budapest, pp. 267-281 and the subsequent work, 
especially Akaike. H (1978). “On the Liieliiood of a Tie Series Model,” Paper 
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Appendix - a formal derivation 

Although a heuristic derivation of the continuous case was given earlier, the 
following is a formal derivation due to Ed Weissner which holds for either case. 

Let A = a random sample was observed 
B = of size N 
C = with precisely M observations 2 L 
D = and the observations (no particular order) are x1, . . ,xM 

The likelihood function is given by 

Now, 

L(X) = P[ACD] = N$P[ABCD] (law of total probabilities) 
I 

= N;MP[AB] P[C)AB] P[DlABC] 

AB obeys a Poisson law 

C]AB obeys a Binomial Law with n = N, # of successes = M, and 
probability of success p defined by 

p = 1 - F(L) for continuous 

= E pj 
i 2 i(L) 

for discrete 

DjCAB obeys a likelihood function that accounts for “no particular 
order” and draws each observation from the truncated distribution 

for continuous 

Pi 

i 27(L) pi 

for discrete 

Applying these to the likelihood above, it follows that for the continuous case 

presented at the Institute of Statisticians 1978 Conference on Time Series 
Analysis, Cambridge University, Cambridge, England, July 1978. 
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L(k) = NEM[q [ 
E j&j$‘-VP (F(MN-M][M! &] 

and in the discrete case 

L(h) = N;M [ .<... ] [ . . . . ] [* $&] 
I 

where the products n are i 2 2 for bin 1 missing, etc. Note that the 
i ;? i(L) 

combination of the binomial and “truncated multinomial” give the multinomial 
used in the text. 
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J-HE UNDERWRlTlNG CYCLE 

BY DAVlD SKURNICK 

CAS UNDERWRlTlNG CYCLE SEMINAR 
APRIL 19. 1993 

IN 1985, PAUL INGREY, PRESIDENT OF F&G RE DESIGNED AN 
INSURANCE CLOCK, TO MEASURE THE UNDERWRlTlNG CYCLE. IT 
DESCRIBES THE CYCLE IN TERMS OF PRICING, PROFITS, 
REINSURANCE, MGA’S, CASH FLOW, ETC. THE TONE IS LIGHT, BUT 
IT IS A SERIOUS AND USEFUL DESCRlPTlON OF A TYPICAL CYCLE. 
YOU CAN READ THE CHART AT YOUR LEISURE. IN SUMMARY, 

1:OO - PRICING STARTS TO DROP 
2:OO - COMPANIES COMPETE TO INCREASE MARKET SHARE 
3:00 - PRICES FALL DRAMATlCALLY 
4:00 - PROFlTS SUDE 
5:00 - RESULTS HORRIBLE 
6:00 - PRICING CANNOT GO LOWER 
7:OO - A. M. BEST WRITES THIS DECADE’S “LETTER OF CONCERN’ 
8:00 - CRUNCH 
9:00 - PRICES UP SHARPLY 
10:00 - CAPACITY BECOMES EXPENSIVE 
11:OO - ALL COMPANIES FLOURISH 
12:OO - EUPHORIA1 
1:00 - PRICING STARTS TO DROP 
ETC. 

HOW DOES THIS CHART FIT THE LAST 6 YEARS? I’D SAY, “VERY 
WELL. ” 

IN THE NEXT FEW MINUTES I WILL DISCUSS THE FOLLOWING 
QUESTIONS: 

1. WHAT FACTORS CREATE UNDERWRlTlNG CYCLES? 

2. WHAT DO THESE FACTORS TELL US ABOUT THE TURN IN THE 
CYCLE? 

3. WHAT DOES THE INSURANCE CLOCK SAY ABOUT A TURN IN 
THE CYCLE? 

4. WHEN WILL THE CYCLE TURN? 

WHAT FACTORS CREATE UNDERWRlTlNG CYCLES? 

1. DIFFICULTY OF BUILDING A BOOK OF BUSINESS - DISCOURAGES 
PROMPT ACTION, WHEN RATES GO DOWN. A COMPANY WANTS 
TO KEEP ITS STAFF, ITS PRODUCTS, lTS MARKETS, AND ITS 
AGENCY PLANT. 
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2. RISE AND FALL OF SUPPLY AND DEMAND - SUPPLY IS 
MEASURED BY INDUSTRY SURPLUS AND DEMAND BY PREMIUM. 
PERSONAL LINES DEMAND IS EXTREMELY STABLE. COMMERCIAL 
LINES DEMAND IS MORE STABLE THAN IN MAM OTHERS 
INDUSTRIES, BUT lT IS AFFECTED BY THE OVERALL ECONOMY AND 
BY THE USE OF ALTERNATIVE MARKETS. IT IS INTERESTlNG THAT 
AT THE POINT IN THE CYCLE WHEN PRICES START TO RISE, THE 
DEMAND (AS MEASURED BY THE PREMIUM TO SURPLUS RATIO) 
APPARENTLY INCREASES, WHICH TENDS TO PROVOKE MORE 
INCREASES. 

3. PROFIT AND LOSS - CORPORATlONS ARE DRIVEN BY REPORTED 
OPERATING PROFIT AND RETURN ON EQUITY. BOTH MUTUALS 
AND STOCK INSURANCE COMPANIES MUST BE CONCERNED WllH 
SURPLUS. PROFlT DIRECTLY ADDS TO SURPLUS. ALSO, A 
PROFITABLE COMPANY WILL HAVE ACCESS TO THE CAPITAL 
MARKEl-S. PROFIT ALSO INFLUENCES MANAGEMENT 
PSYCHOLOGY. 

4. CASH FLOW - ULTIMATELY. IF NOTHING ELSE TURNS THE 
CYCLE, CASH FLOW wu. IF COMPANIES RUN our 0~ MONEY, 
THEY MUST RAISE PRICES. 

5. RESERVE ADJUSTMENTS - IN THE LAST CYCLE, MANY 
COMPANIES STARTED USING ‘EARNED BUT UNBILLED PREMIUM’ 
TO INCREASE EARNED PREMIUM. LOSS RESERMS CAN BE 
ADJUSTED By MEANS OF FINANCIAL REINSURANCE CONTRACTS 
g$lB;t;r OPTIMISTIC CLAIMS RESERVING AND IBNR 

MANY BUSINESSES SWITCH TO MORE FAVORABLE ACCOUNTING 
TREATMENTS DURING A DOWNTURN, BUT INSURANCE HAS 
GREATER SCOPE FOR CONTROLUNG RESULTS, DUE TO THE 
RESERVES. THE PRACTICE OF UNDER-RESERVING DURING BAD 
YEARS AND STRENGTHENING RESERVES DURING GOOD YEARS 
SERVES TO MODERATE THE CYCLES AND THEREFORE TO EXTEND 
THEM. 

6. REINSURANCE AVAllABlLrrY AND COST - PRICES AND TERMS 
SWING MORE FOR REINSURANCE COMPANIES THAN FOR PRIMARY 
COMPANIES. IT IS BELIEVED THAT THE REINSURANCE CYCLE CAN 
DRIVE THE PRIMARY CYCLE. 

7. flNANClAL REINSURANCE FOR CATASTROPHES - SERVES TO 
EXPAND CAPACllY. HOWEVER, THE FlNANClAL ACCOUNTING 
STANDARD BOARD HAS PROPOSED FAS 113, WHICH COULD 
~;ki~~;E’&HE RULES ON THIS PRODUCT, THEREBY REDUCING 

. 

8. INlEREST RATE CHANGES - HIGH INTEREST RATES ENCOURAGE 
PRICE CUllING, BECAUSE INVESTMENT INCOME IS HIGHER. 

9. UNRECOGNIZED GAIN OR LOSS IN THE BOND PORTFOUO - IN 
1917, THE NAIC DECLARED THAT BONDS SHOULD BE VALUED AT 
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AMORTIZED OR BOOK VALUE, RATHER THAN MARKET. AS A 
RESULT, WHEN INTEREST RATES DROP THERE IS AN 
UNRECOGNIZED GAIN IN THE BOND PORTFOLIO. SIMILARLY, THERE 
IS AN RECOGNIZED LOSS WHEN INTEREST RATES RISE. 
(HOWEVER, FASB JUST ANNOUNCED A REVlSlON IN THIS 
PROCEDURE. CERTAIN BONDS WILL BE HELD AT MARKET.) 

IN THE EARLY 80’S INTEREST RATES BECAME HIGH AND BONDS 
WERE UNDER WATER. INSURANCE COMPANIES COMPEI-ED WILDLY 
FOR CASH FLOW, NOT ONLY FOR THE HIGH YIELDS, BUT ALSO TO 
AVOID HAVING TO SELL THE BONDS AND REALIZE A LOSS OF 
SURPLUS AND A DROP IN EARNINGS. 

IO. NAIVE CAPITAL - DEFINED, AFTER THE FACT, AS ANYONE 
WHO INVESTED DURING THE DOWN CYCLE, LOST MONEY THEN 
WITHDREW WHEN PRICES WENT UP. THESE COMPANIES INCREASE 
SUPPLY, PROLONGING THE DOWN CYCLE. 

11. MANAGEMENT BY HIRED HANDS, NOT OWNERS - A COMPANY 
PRESIDENT WHO DOESN’T OWN MUCH STOCK MAY HAVE LESS 
LOYALTY TO THE BOTTOM LINE THAN TO THE CONTlNUED 
EMPLOYMENT OF HIS FELLOW EMPLOYEES AND HIMSELF. 

12. CALENDAR YEAR RESULTS VS POLICY YEAR ACTIONS - 
ALTHOUGH MANY ORDINARY DECISIONS MAY BE BASED ON 
ACCIDENT YEAR OR POLICY YEAR PROJECTIONS, THE REALLY BIG 
DECISIONS, THE ONES MADE AT THE HIGHEST LEVEL, ARE MORE 
LIKELY TO BE BASED ON CALENDAR YEAR RESULTS, RESULTING IN 
A DELAYED RESPONSE. THIS DELAY PLUS THE OTHER DELAYS 
MENTIONED EARUER HELP CREATE THE CYCLE. FOR EXAMPLE, 
HERE’S HOW A HYPOTHEllCAL 11 YEAR CYCLE COULD OCCUR. 

ASSUME THAT PREMIUM RATES BECOME TOO LOW IN YEAR 1. 
THEN, BAD LOSS RATlOS SHOULD BE REPORTED IN CALENDAR 
YEAR 2. WITH OPTlMlSTlC RESERVING, ACCOUNTlNG CHANGES, 
FINANCIAL REINSURANCE, AND BY SWAPPING BONDS, THE 
REPORTED 8AD RESULTS MIGHT BE POSTPONED UNTIL YEAR 5. 
DURING YEARS 2 THROUGH 5, RATE ADEQUACY CONTlNUES TO 
FALL. IN YEARS 5,6 AND 7 MANAGEMENT TAKES MODERATE 
REMEDIAL STEPS, WHICH DON’T WORK. FINALLY, IN YEAR 8, THE 
m MAN;GiMENT OFll;RS DpvMATIC RATE INCREASES, &Q 
MATTER H TTHE E CT 0 OLUME. RATES BEGINTO 
IMPROVE DURING YEAR 8 AND BECOME REDUNDANT BY YEAR 9. 
RESERVE STRENGTHENING KEEPS CALENDAR YEAR RESULTS BAD 
UNTIL YEAR 9 OR IO. 

MEANWHILE, OPERATlNG MANAGEMENT UNDERSTANDS POLICY 
YEAR RATE ADEQUACY, SO THEY BEGIN REDUCING RATES SOME 
TIME IN YEAR 9. AS REPORTED RESULTS IMPROVE, RATES 
CONTINUE TO FALL. BY YEAR 12, THE RATES HAVE REACHED A 
LEVEL OF INADEQUACY COMPARABLE TO YEAR 1. 

13. RATE REGULATlON - CAN REGULATORS HELP TO SMOOTH THE 
CYCLE? MAYBE. EVEN WHEN REGULATlON IS POLITICALLY 
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MOTIVATED, l-f’ ADDS INERTlA. PERSONAL LINES REGULATlON IS 
BURDENSOME ENOUGH TO ADD INERTIA. AN INSURANCE 
COMPANY WOULD BE FOOLISH TO CUT PERSONAL LINES PRICES, 
BECAUSE THE REGULATORS MIGHT NOT LET THEM RAISE THE 
PRICES. DURING THE LAST TEN YEARS, PERSONAL LINES PRICES 
HAVE BEEN FAR MORE STABLE THAN COMMERCIAL LINES PRICES. 

14. CATASTROPHES - HURRICANE BETSY TURNED THE 
UNDERWRlTlNG CYCLE IN THE MIDdO’S. SOME OBSERVERS 
BELIEVE THAT ANDREW WILL DO THE SAME TODAY. 

15. CHANGES IN LOSS TRENDS AND LOSS DEVELOPMENT - 
SOMEllMES LOSS PAlTERNS REALLY DO CHANGE. WE SAW 
MEDICAL MALPRACTlCE WITH EXTREME TRENDS FROM PERHAPS 
1965 TO 1985. SINCE THEN, TRENDS HAVE MODERATED. TODAY, 
GL SEEMS TO HAVE MODERATED AND WC IS A BEAR. 

16. PSYCHOLOGY - THERE IS A WONDERFUL OLD BOOK. WRllTEN 
IN 1841, CALLED WRDINARY POPULAR DELUSIONS ND TH 

THIS BOOK VlVlDLY DESCRIBES tARlOU: WS OF CROWD& 
PERlODS OF ECONOMIC “MADNESS-, SUCH AS THE TUUPOMANIA 
IN HOLLAND IN 1636, WHEN A SINGLE TULIP BULB COULD BE 
BOUGHT OR SOLD FOR A LlFEllME’S EARNINGS. 

INSURANCE MANAGEMENTS ARE HUMAN BEINGS. WE DON’T 
ALWAYS MAKE RATIONAL DECISIONS. WE’RE UNDULY 
INFLUENCED BY RECENT EVENTS, EVEN WHEN WE’RE MAKING 
PLANS BASED ON THE LONG-TERM ODDS. 

I WENT THROUGH A DOWN CYCLE AS HEAD OF UNDERWRlTlNG AT 
ARGONAUT INSURANCE COMPANY DURING THE EARLY 80’s. 
WHEN THE COMPETITORS CUT THEIR LIABILITY AND COMMERCIAL 
PACKAGE PRICES PRICES 25%. WE DID THE SAME. WE THOUGHT 
WE HAD GOOD REASONS, BASED ON THE STRONG INVESTMENT 
INCOME AND STRONG SURPLUS OF THE COMPANY AND THE 
DESIRE TO MAINTAIN MARKEI- SHARE. 

OF COURSE, OUR THlNKlNG WAS INCOMPLETE. OUR BIGGEST 
MISTAKE MAY HAVE BEEN FAILING TO REAUZE THAT THE HOLDING 
COMPANY WOULD DEMAND DRAMAllC ACTION. 

SOME COMPANIES DIDN’T MONITOR RATES AND USE ACTUARIAL 
INPUT. WHAT’S SIGNIFICANT IS THAT WE PERSISTED IN SELLING 
EVEN THOUGH WE MONlTORED RATES AND PRICES AND WE KNEW 
WE’D LOSE MONEY. 

ANOTHER HUMAN TRAIT IS A TENDENCY TO FOLLOW THE CROWD. 
I’LL NEVER FORGET IN 1971 REPORTlNG TO THE PRESIDENT OF INA 
THAT IBNR WAS DEFICIENT BY $140 MILUON. HE PAID CAREFUL 
ATlENTlON TO MY PRESENTATION, WITH ITS MANY WORKSHEETS, 
EXHIBJTS AND CHARTS. FINALLY, HE SAID TO ME, ‘WHAT’S 
TRAVELERS DOING?’ 
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MOST OF YOU ARE OLD ENOUGH TO HAVE GONE THROUGH THE 
LAST 10 YEARS. REMEMBER THE PAIN OF THE EARLY 80’S? THEN 
WE HAD THE CRUNCH IN 1984, THE RATE INCREASES IN 1985 AND 
‘86 AND GREAT RESULTS STARTlNG IN 1986. lT RAINED MONEY. 
THE QUESTION ON MRYONE’S LIPS IS, “HOW LONG Do WE HAVE 
TO WAIT FOR THE NEXT DRAMAnC CYCLE TURN? HERE ARE SOME 
FACTORS THAT POINT TO A TURN IN THE CYCLE: 

1. ACCORDING TO MANY OBSERVERS, HURRICANE ANDREW WILL 
TURN THE CYCLE. AS A RESULT OF THIS STORM, PROPERTY 
CATASTROPHE REINSURANCE IS SCARCE AND EXPENSIVE. 
PRIMARY CAPACITY IS SHARPLY REDUCED IN COASTAL AREAS. 

2. 
INTrREST RATE DROPS OVER ll& PAST TWO YEARS 

COMPANIES #OND PORTFOL 0s HAD SHARP GAINS DUE TO 
BUT MUCH 

OF THIS GAI S GONE MANY COMPANIES REAI IZEb THE GAIN ’ 
IN ORDER TtiFFSET LOSSES FROM HURRICANE ANDREW 
INCIDENTALLY. IF INTEREST RATES WERE TO RISE. OUR BbNDS 
WOULD BE UNbER WATER, AND WE MIGHT SEE TiiE KIND OF 
PANICKED COMPRmON THAT TYPlflED 1982-84. 

3. THE INDUSTRY IS UNDER-RESERVED. ACCORDING TO ISO, AT 
YEAR END 1991, THE UNDlSCOUNTrD LOSS RESERVE WAS 
UNDERSTATED BY $38 TO $50 BILLION. 

4. THE lNTRODUCTiON OF RISK BASED CAPITAL, PERHAPS AS OF 
YEAREND 1994, IS INTENDED TO BE A MORE ACCURATE 
MEASUREMENT OF CAPACllY AND ALSO MORE CONSERVATIVE. 

MODERATING GROA- PLANS RIGHT NOW. 
MN THE E)(PECT nON OF RISK BASED CAPlTAL MAY BE 

5. ASBESTOS AND POLLUllON ARE MAJOR WORRIES. 
ACCORDING TO A STUDY BY TILLINGHAST, GIVEN THE CURRENT 
SUPER-FUND LAW, THE COST TO INSURANCE COMPANIES COULD 
EVENTUALLY AMOUNT TO HUNDREDS OF BILLIONS OF DOLLARS. 

6. FASB 113 WILL REDUCE THE ABIUTY TO USE FINANCIAL 
REINSURANCE TO CREATE SURPLUS AND TO PROVIDE CAT 
REINSURANCE. 

ON THE OTHER HAND, HERE IS A LIST OF FACTORS OPPOSING A 
TURN IN THE CYCLE: 

1. THE INDUSTRY SURPLUS IS AT A RECORD HIGH OF $164 
BILLlON. WllH PREMIUM VOLUME AT $230 BILLION, THE PREMIUM 
TO SURPLUS RAno IS AT A ROCK SOLID 1.4 TO 1. 

2. ALTERNATIVE MARKETS ARE GROWING BY LEAPS AND 
BOUNDS. IN WORKERS COMP, PERHAPS l/3 OF THE BUSINESS IS 
NOT IN THE INSURANCE MARKET. THE HUGE ASSIGNED RISK 
CHARGES ARE PUSHING CUSTOMERS INTO USING DEDUCTIBLES, 
CAPTlVES, AND SELF-INSURANCE. TO SOME EXTENT, OTHER 
COMMERCIAL COVERAGES MOVE WITH THE COMP. THIS IS A 

382 



REDUCTION IN DEMAND, OR, LOOKED AT ANOTHER WAY, AN 
INCREASE IN SUPPLY, AS THE CUSTOMERS BECOME INSURERS. 

3. FINANCIAL REINSURANCE SERVES TO INCREASE CAPITAL AND 
PROVIDE CAT REINSURANCE. IT IS NOT CLEAR WHAT CAN BE 
DONE AFfER FASB 113 IN IN EFFECT. 

4. TODAY RESERVES ARE A HIGHER PER CENT OF PREMIUM THAN 
ANY PAST CYCLE; THERE IS PLENTY OF ROOM FOR MORE 
UNDER-RESERVING. 

5. UA8lLrrY LOSSES ARE DEVELOPING FAVORABLY, ON BOTH AN 
INCURRED AND A PAID BASIS. THIS HAS PRODUCED GOOD 
CALENDAR YEAR RESULTS AND IMPROVED OPTIMISM. 

6. CAPITAL IS COMING IN TO THE INDUSTRY. SEVERAL 
COMPANIES ARE 8ElNG ESTABLISHED TO DO PROPERTY CAT, WITH 
CAPITAL IN THE HUNDREDS OF MILLIONS. IT’S AMAZING HOW 
MUCH CAPITAL IS AVAILABLE. INSURANCE STOCK PRICES ARE 
HIGH, FAClLlTATlNG SALES OF EQUllY. A NUMBER OF NEW 
COMPANIES HAVE BEEN GROWING VERY RAPIDLY IN CASUALTY 
BUSINESS. TlME WILL TELL IF THEY WERE WISE OR NAIVE. IN ANY 
EVENT, THE EFFECT IS THAT COMPElTTlON HAS INCREASED AND 
RATES HAVE BEEN HELD DOWN. 

7. flNALLY, MOST IMPORTANT, PSYCHQLOG I JUST DON T SEE 

iNDREW. EXECUTiMS SAY ‘I KNOW THINGS ARE TOUGH BUT 
ANIC OR DESPN THE INDUSTRY SEEMS T: HAVE ABSORi3ED 

m HAVE AN APPROACH THkT’S WORKING: ONE EXECUTkE 
TOLD ME THAT PRlClNG ISN’T WHAT IT SHOULD BE. BUT HIS 
COMPANY INTENDS TO GROW THIS YEAR TO IMPR&S THE 
SECURlTlES ANALYSTS.’ IN THE LAST CYCLE, THE INDUSTRY WAS 
ALREADY PANICKED IN 1982. BUT PRICES DIDN’T GO UP UNTIL 
1985. THIS is &AD NEWS. AS rr SUGGESTS THAT THE TURN 
COULD BE YEARS AWAY. 

NOW LET’S SEE WHAT PAUL INGREY’S INSURANCE CLOCK TELLS 
US. WHAT TIME IS IT RIGHT NOW? 

IT SEEMS TO BE SOMEWHERE BETWEEN 1 :DO AND 7:DO. 

TODAY, UNDERWRlTlNG -PENS- AND MGA’S ARE THRIVING, LIKE 
1 :oD. 

PROFlTS HAVE LEVELED OFF, AND MOST COME FROM 
INVESTMENTS AND INVESTMENT INCOME. LIKE 3:DD. 

REDUCTlONS IN FORCE ARE OCCURRING, LIKE 4.~00. (AT USF&G 
ME STAFF CUT IN THE LAST NV0 YEARS WAS OVER 25%.) 

COMPANIES ARE SELLING ADDITlONAL SHARES IN THE EQUITY 
MARKET, LIKE 7~00. (E.G. USF&G RAISED $300 MILLION THROUGH 
A PREFERRED STOCK OFFERING A YEAR AGO. SEARS JUST 
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ANNOUNCED AN EFFORT TO RAISE OVER $2 BILLION BY SELLING 
UP TO 20% OF ALLSTATE STOCK IN AN INlTlAL PUBLIC OFFERING.) 

IF EACH “HOUR- REPRESENTS 6 MONTHS TO A YEAR, THEN THE 
INSURANCE CLOCK WOULD PREDICT A SHARP PRICE INCREASE 
POSSIBLY AS EARLY AS 1994, OR AS LATE AS SEVERAL YEARS 
AWAY. ON AVERAGE, THE TURN DOES NOT APPEAR CLOSE. 

MANY OBSERVERS PREDICT A MAJOR RISE IN PRICES BEGINNING IN 
LATE THIS YEAR. I WISH I COULD AGREE. HOWEVER, MOST OF 
THE FACTORS DISCUSSED EARLIER AND THE INSURANCE CLOCK 
ARE NOT ENCOURAGING. I PREDICT THAT THE CYCLE TURN IS 2 
YEARS AWAY. 

(OF COURSE, THIS PREDlCTlON MAY BE ONLY WORTH WHAT THE 
CAS PAID ME FOR PRESENTlNG IT.) 

THANK YOU FOR YOUR ATTENTION. 
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AN EXAMPLE OF PROVIDING 
INFORMATION ON THE 

RESIDUAL MARKET BURDEN 

Howard Mahler 
Ling Ling Liu 
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An Example of Providina Information on the Residual Market Burden 

In 1991, the most recent year for which we have data, the residual market 
accounted for a quarter of total premium, and the burden of supporting it was 18 
cents on every premium dollar. In other words, in a typical state, insurers were 
assessed 18 cents for every dollar of premium they received from the voluntary 
market in that state. 

Obviously, there is an increased need for an insurer to monitor the 
foreseeable financial burden of Residual Market Assessments. 

Two objectives are to be accomplished in our illustration: 

1. Develop formulas to estimate residual market burdens, including all the 
variables related to the Residual Market's financial results. The basic 
variables include expense components in writing an assigned risk policy, 
losses, and assessable premiums. 

2. Provide a flexible and sensible burden analysis in a timely manner to 
member insurers. 

The Workers' Compensation Rating and Inspection Bureau of Massachusetts has 
distributed the residual market burden estimates to our member insurers since 
mid-1990. We believe that this general format might be of interest to a wider 
audience. 

The general methodology for calculating the residual market overburden 
follows the methodology in "Workers' Compensation Involuntary Markets - A Company 
Perspective," by William J. Miller.1 

Assigned Risk Overburden 

= Pool Operating Losses 

Voluntary Assessable Premiums 

E Pool Net Operating Loss x Residual Market Share 
Pool Premium 1 - Residual Market Share - Takeout Credit Share 

ICAS Ratemaking Seminar - 1990 

386 



Residual Market Burden Page 2 

Attached are two charts which demonstrate the burden for the residual market 
an insurer would incur for writing voluntary Workers' Compensation premium in 
Massachusetts. 

The first chart, Exhibit la, deals with nominal losses; i.e., it ignores the 
time value of money. For example, the 20.2% burden shown in Exhibit la (Column 4, 
Row 4) represents 20.2 cents of residual market assessment for every dollar of 
premium written in the voluntary market (adjusted for take-out credits). A 
Company's total assessment equals 20.2% multiplied by its voluntary written 
premium subsequent to adjustment for take-out credits. 

The second chart, Exhibit lb, takes into account the time value of money. 
The results displayed in the two charts are substantially different. The second 
chart better reflects both economic reality and the way Workers' Compensation is 
priced. A negative profit loading in Massachusetts Workers' Compensation rates 
reflects the investment income on cashflows. 

The analysis uses several inputs. Each chart is also based on the overall 
rate level inadequacy on the vertical axis and the residual market share located 
on the horizontal axis. When this chart is sent to insurers, the Bureau includes 
its current estimate of the residual market share. 

The Inputs in Exhibit 2 are usually stable from year to year, but the market 
share and rate level inadequacy will depend on the workers' compensation market 
conditions and undenrriting cycle. By putting these two factors on the X and Y 
axes with a range of inputs, it will allow us to show the impact on burden of 
these two factors. By supplying the information in the form of a chart, 
individuals can easily incorporate their own estimates of these two key inputs. 

We have only illustrated an example applicable to the Massachusetts Workers' 
Compensation market. One should carefully study the inputs in the burden formula 
to tailor them to the particular application. For example, in a state with 
competitive rating, a different method would have to be devised to estimate the 
residual market loss ratio than is used here. 

A kev element in the burden is the Residual Market Loss Ratio. One of the 
inputs in estimating the residual market loss ratio is the loss ratio 
differential. An undeveloped two-year average differential in loss ratio is the 
basis of our estimate,2 wh\ch assumes a similar reporting and development pattern 
in both markets. This is definitely not a sophi ticated method, but it provides a 
simple reasonable estimate for this calculation. 5 

2Adjusted for changes in the Pool, e.g., removal of premium discounts and 
introduction of the All Risk Adjustment Program. 

3A more detailed study in this area might adjust for shifts in market share, 
differing development patterns, etc. 
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Residual Market Burden Page 3 

As with any actuarial analysis, 
carefully reviewed on a regular basis. 

all inputs to the calculation should be 
Continuous adjustments and changes may be 

required because of the introduction of new programs and changes in circumstances 
in the assigned risk market. This example was meant to illustrate the type of 
calculation that might be appropriate. 
modifications will have to be made. 

For use in a particular place and time, 

LL/pw/3384 
Enclosure 
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FORMULA 

Assigned Risk Overburden 

a Pool Net Operating Loss x Residual Market Share 
Pool Premium (l-Residual Market Share-Take Out Credit Share) 

= [I - Pool Loss Ratio - Pool Expense Ratio] x 

Residual Market Share 
1 - Residual Market Share - Take Out Credit Share 

AR0 = [(l-L x D-E) x U x Fl 
[(I-M)-T] A 

L = (1tI) x OR 
M x DR t (1-M) 

AR0 = 

I - 

M = 

D - 

ELR * 

E = 

L = 

OR = 

F I 

T = 

A = 

The Assigned Risk Overburden 

The Rate Level Inadequacy (Total Market) 

The Residual Market Share (as a portion of Total Market Premiums) 

i:;wLoss Discounting Factor which reflects the timing of the cash 

The Expected Loss Ratio (Total Market) 

The Pool Expense Ratio; servicing carrier allowances plus 
producers' fee plus administrative expense 

Projected Involuntary Market Loss Ratio 

Differential between the Involuntary Loss Ratio and the Voluntary 
LOSS Ratio 

Factor to adjust Calendar Year written premium to Policy year 
premium 

Eligible Take-Out credits as a percentage of Total Market Premium 

Factor to anticipate the effect of insolvencies of Pool members 
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Massachusetts Workers’ Compensation 
1993 Proiected Residual Market Burdey 

Nominal Losses 

Exhibit-la 

Inadequacy of Loss 
Provisioninthe 

Total Market Rate * 

Reddual Market Share 
(as a percentage of Standard Premium) 

10% 20% 30% 40% 50% 

-10% 2.3% 

-5% 

0% 

5% 

10% 

15% 

20% 

25% 

2.9% 

3.5% 

4.1% 

4.8% 

5.4% 

6.0% 

6.6% 

7.3% 

7.9% 

8.5% 

4.5% 

5.9% 

7.3% 

8.7% 

10.1% 

11.4% 

12.6% 

14.2% 

15.6% 

17.0% 

18.4% 

6.8% 

9.2% 

11.5% 

13.9% 

16.2% 

18.6% 

21.0% 

23.3% 

25.7% 

28.0% 

30.4% 

9.2% 

12.9% 

16.5% 

20.2% 

23.9% 

27.5% 

31.2% 

34.9% 

36.5% 

42.2% 

45.8% 

11.9% 

17.5% 

23.0% 

28.5% 

34.1% 

39.6% 

45.1% 

60.7% 

56.2% 

81.7% 

87.3% 

60% 

15.2% 

23.8% 

32.3% 

46.8% 

49.3% 

57.9% 

66.4% 

74.9% 

83.4% 

92.0% 

100.5% 

70% 

I 

20.2% 

34.3% 

48.4% 

62.6% 

78.7% 

90.9% 

105.0% 

119.2% 

133.3% 

147.5% 

161.6% 

l A negative ‘inadequate loss provision’ implies an excessive loss provision. 
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Massachusetts Workers’ Compensation 
wuai Mark- 

With Loss !Bcount 

Exhibit-1 b 

InadeqlJacy of Loss 
Provision in the 

10% 

Restdual Market Share 
(as a percentage of Standard Premium) 

Total Market Rate l 20% 30% 40% 50% 

-10% 

-5% 

0% 

5% 

10% 

15% 

20% 

25% 

30% 

35% 

0.8% 

1.4% 

1.9% 

2.5% 

3.0% 

3.5% 

4.1% 

4.6% 

5.2% 

5.7% 

6.3% 

1.3% 1.4% 

2.5% 3.4% 

3.7% 5.5% 

4.9% 7.5% 

6.1% 9.6% 

7.4% 11.8% 

8.6% 13.7% 

9.8% 15.8% 

11.0% 17.8% 

12.2% 19.9% 

13.4% 21.9% 

0.8% 

4.0% 

7.2% 

10.4% 

13.6% 

16.7% 

19.9% 

23.1% 

26.3% 

29.5% 

32.7% 

4.0% 

8.8% 

13.7% 

18.5% 

23.3% 

28.1% 

33.0% 

37.8% 

42.6% 

47.4% 

60% 

-4.4% 

3.0% 

10.5% 

17.9% 

25.3% 

32.8% 

49.2% 

47.6% 

55.1% 

62.5% 

69.9% 

70% 

-12.4% 

-0.1% 

12.2% 

24.6% 

36‘9% 

49.2% 

61.6% 

73.9% 

66.2% 

98.6% 

110.9% 

Note: Loses were discounted at 3.29% after-tax risk adjusted rate of return. 
* A negathre ‘Inadequate loss provision’ irnplles an excessWe loss provision. 
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Massachusetts Workers’ Compensation 
lnouts for the Burden cF&gj&& 

Exhibit 2 

(1) 

Expected 
Total Market 

Loss Ratio 

(2) (3) 

lnvduntary and DlSCOUllt 
Voluntary Market Factor 

Loss Ratio for the 
Differential Loss Rado 

(4) 

Residual 
Market 

Expense 
Ratio 

(5) (6) (7) 

CY to PY 
Assessment Adjwtment Take-Out 

Base FaCtor Credn 

0.798 1.260 0.872 0.295 0.995 1.04 0.08 

(1) Underlying the rate filing for 7/l /92. (Total Market Loss and Loss Adjustment Expense Ratio 
of 87.8%, based on an underwriting profit provision of -5.2%, an IAE provision of 10.0%. and 
other provisions from the 7/l /92 rate filing.) The 106s ratk, excluding loss adjustment expense 
(IAE) is used because tAE is included in the servicing carrier allowance. 

c-4 Adjusts for the Impact of ARAP and the elimination of premium discounts in the pool. 
See Exhibit 6. 

(3) Discount factor for the loss Row 0.8538 divided by the discount factor for the premium flow 0.9793 
This is based on a risk-adjusted after-tax rate of return d 3.29% to the premium and the loss flow 
from the 7/l/92 filing. Note that 3.29% = 5.00% x ( 1 - 34.3% ), where 5.00% is the pre-tax risk 
adjusted rate of return and 34.3% is the tax rate on investment income. 

(4) The expense ratio Including the current Pod payment of 25% of net written premium to servicing 
carriers (since there are no retrospective plans or premium dkcounts in the Massachusetts 
Assigned Risk Pod, this is alx, 25% of standard premiums), the 3.9% average commission to 
agents, and 0.6% for the Pool’s administration expense. See Exhibits 3 8 4. 

(5) The assessment base Is the percentage of premium written by the Pod members. The Mass. 
Assigned Risk Pod assessments apply to all (solvent) carriers. This factor Is less than unity 
in order to antkipate the effect of insolvencies. 

(6) Adjusts the assigned risk direct written premium from calendar year to policy year. See Exhibit 5. 

(7) Estimated total credit for Calendar Year 1993, assuming credits of 3.4% of total premium (as in 
1991) and retentions of 60% and 70% of credlt-sfrom 1991 and 1992, respectively; see Exhibit 7. 
The Calendar Year voluntary assessable premium Is the vduntary premium reduced by the 
amount of eligible credits In the Take-Out program. 
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Massachusetts Workers’ Compensation 
Galculatlon of Averaoe Commission 

Assigned Risks 

Premium by Layer 
standard 

Premium* Distribution Commission (%) 

First $ 1,000 60,020,575 4.63% 9% 

Next $ 4,009 142,717,556 11.00% 5% 

Next $9S,ooo 569.197.398 43.89% 4% 

Over 6100,000 525JX33.328 40.48% 3% 

TOTALS 1,297,018,857 100.00% 3.9% 

Exhibit 3 

* Obtained by trending 89,&O composite policy year Schedule Z first report data for the Residual 
Market to the policy effective period. 
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Massachusetts Workers’ Compensation 
Administration Exoense for the Pool 

0) 
P&y Administration 8 

h%c Other Fwensg~ 

(2) 
Assl~ned Risk 

W&ten Premium* 

96 949,304 lQ4,62Q,QS6 
67 1,472,462 246,620,03Q 
66 2,143,472 362,1QO,646 
89 3320.467 505.771.245 
90 3,665,110 619504,775 

Averageof66-90 

Exhibit 4 

WG) 
Administration & 

Other Fxwnse Ratio 

0.49% 
0.59% 
0.59% 
0.66% 
0.56% 

0.56% 
0.6% 

* Net of uncollectible. 

Source: NCCI, as of 12/31/91. 
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Pdky 

x?aL 

86 
87 
88 
89 
90 

Massachusetts Workers’ Compensation 
_AssionadW rkten Premium (in IAllies) Risk I n 

Avera~of86-80 1.043 
selected 1.04 

0) 
Pdky Year 

Earned 
Premium* 

(2) 
Calenrlar Year 

WlitWtl 

176 1.108 
231 1 .Q78 
349 1.037 
513 0.886 
815 1.008 

Exhibit 5 

(1 V(2) 

Adjustment 
E!a!ax 

* Includes EBNA (Earned But Not Reported). 

Note: This adjustmwt factor takes into account that Policy Year results for the Pod are 
assessed to member ccmpanies based on the generally smaller Calendar Year 
prembrw. 
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(1) 

(4 

(3) 

(4) 

(5) 

(‘5) 

(7) 

(8) 

(9) 

Massachusetts Workers’ Compensation 
Differential AnalvsiS 

Adjusted for ARAP and the Removal of Premium Discount in the Pool 

Exhtbh 6 

Page 1 

PYiQ8Q PYIQW 

1 

Assigned Risk Loss Ratio 

Voluntary Market Loss Ratio 78.7% 
2 

Effect of ARAP in Vduntaty Risk 
2 

Effect of ARAP In Assigned Risk 
3 

Removal of Premium Discount from Assigned Risk 

Assigned Risk Loss Ratio Adjusted for ARAP 
and Premium Discount =(1)x(4)x(5) 

0.978 

0.939 

0.936 

97.1% 

Voluntary Risk Loss Ratio Adjusted for ARAP 
and Premium Discount =(2)x(3) 

77.0% 

Differential in Loss Ratio between Assigned 
Risk and Voluntary Risk = [(6)/(7)j 

1.261 1.259 

Two-year average in diierential 1.260 

110.5% 

1 From page 2. 
2 A 2.4% increase in 93.6% of the Vduntary Market premiums from ARAP. 

A 7.4% increase in 87.5% of the Resktual Market premiums from ARAP. 
As of 1 /I /QQ, ARAP is included In reported Earned Premium. 

3 Based on trended first report data (composite policy year 8Q/QO) from Schedule 2, 
average premium discount in the Pool would be 6.4%. 

Note: In Massachusetts, ARAP was lntrcducsd 1 /I /Q3 and premium discounts were eliminated In 
the Pool l/1 /Qt. 

74.9% 

55.7% 

l.c4Kl 

1.000 

0.836 

70.1% 

55.7% 

3% 



Massachusetts Workers’ Compensation Exhibit 6 

JWferential Anah@ Page 2 
Premiums and Losses as of 12/31 /Ql (in $ Millions) 

(1) 

T-Market’ 

(1) Net Earned Premlum 

(2) Reported Losses 
= Pa!d + Case Reserves 

1229.2 

1128.1 

(3) Loss Ratio 91.8% 

(1) 

Total Market* 

(1) Net Earned Premium 
(induding ARAP) 

1355.6 

(2) Reported Losses 
= Paid + ChSe ReSeNes 

874.3 

(3) Lcss Rat& 64.5% 

POUCY YEAR 1989 

(4 (3) (4) 
= 0) - (4 = (2) l(3) 

Asslaned Risks** Voluntarv Market Dmerentlel 

505.8 723.4 

568.7 569.4 

110.5% 78.7% 140.4% 

POUCY YEAR 1990 

(2) (3) 
= (V-(2) 

&sim Vduntarv Market 

619.5 736.1 

464.0 410.3 

74.9% 55.7% 

(4) 
= (2) / (3) 
Diierentiaf 

Average In diirentiil for PY 89-9;) prior to the adjustment for 
ARAP and the removal of premium discount in the Pod 

134.5% 

1.375 

* From Financial Aggregate Data (Total Market). 
** From NCCI. Massachusetts Combined Data in National Pool. 
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Massachusetts Workers’ Compensation 
&tment for Take-Out Credit ProaraB 

Exhibit 7 

Data for Calendar Year 1991 

(1) (4 (1 )A4 
Take-Out Credits Direct Written Premium Take-Out 

B mllion] million] 6 Percenw 

49.2 1,431 .o 3.4% 

Source: NCCI Massachusetts Premium Analysis 

Data for First 8 Months 

YBihr 

1991 
1992 

New Take-Out Average Premium 
Credits (8 millior] Size 1.S th- 

38.3 42.7 
32.6 69.4 

Source: WCRB approximate data (to be used only for purposes of this comparison). 

Estimated Impact of Take-Out Credit Program 

0) (2) 
NW Rate d Retention 

B-at Take-Out Credits* to 1993 l * 

1991 3.4% 60% 
1992 3.4% ** 70% 
1993 3.4% ** 

Total Credits In 1993, as percentage of Total Market Premium 

2.0% 
2.4% 
3.4% 

7.0% 

selected value 8% 

* 
l * 

As percentage of total premium. 
WCRB estimates. 

Note: Take-Out Credits are avidlaMe for up to three years. The Massachusetts Take-Out 
program became effective in 1991. 
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1993 Residual Market Overburden Sample Calculation 
With Loss Discou~ 

A. Rwldual Market Loss R&x 

(1) 

(2) 

(3)=(1)/U +(2)1 

(4) 

(5) = L(3) x (1 + (4)j 

(6) 

m 

Bpected TotaJ Market loss Ratb in&ding W 

Loss Adjustment Expense Ratio (as a percentage 
OflOWW) 

Expecled Total Market Loss Ratio exduding LAE 

Inadequacy of Lose provision in the Total Market Rate 
(chosen for Example) 

Expected Total Market Loss Ratio exduding LAE 
(loaded in inadequacy of loss provision in the 
Total Market Rate) 

Differential In Loss Ratio between Vduntaty and 
Involuntary Market 

Reskiual Market Share 
(Chosen for Example) 

Reskfual Market Loss Ratio 

Loss Ratlo Discount Factor 

Residual Market Loss Ratio with Loss Discount 

0.878 

10.0% 

0.798 

30% 

1.037 

126.0% 

60% 

1.130 

0.872 

0.985 

0. Pod Net ODeratlna Lo- 

(11) Servicing Carrier Allowance 25% 

(12) Selected Producers Fee 3.9% 

(13) Adminietration & Other Expense Ratio 0.6% 

(14)=(11)+(12)+(13) Pool’s Expense Ratio 29.5% 

(15)=[(10)+(14)-1) Pool Net Operating Losses 28.0% 
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Sample Calculation, Page 2 

C. Restdual Market Burden: 

(16) Pool Assessment Base 

(17) Adjustment Factor, Calendar Year vs. Pdicy Year 

(18) Adjustment for Take-Out Credit 

(19)=(15)X (17)/(16) Residual Market Overburden 

x(7)/V - (7) -WI 

Note: The burden calculated in this example differs slightly from that shown in Chart 1 b 
due to rounding. 

0.995 

1.04 

8% 

54.9% 1 



STATEMENT OF ACTUARIAL OPINION- 
ANNUAL STATEMENT INSTRUCTIONS 

(INCLUDING A LETTER BY 
R. MICHAEL LAMB, AND 

SUGGESTED REVISIONS BY THE 
VAIC CASUALTY ACTUARIAL TASK FORCE) 

National Association of 
Insurance Commissioners 
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Statement of Actuarial Opinion 

Annual Statement Instructions 

The National Association of Insurance Commissioners 
(NAIC) adopted a revision to the instructions for the 1992 
annual statement Blank due March 1, 1993 regarding the scope 
and content of the statement of actuarial opinion on 
casualty loss reserves. A final copy of those 1992 
instructions follow. The changes from the 1991 instructions 
are noted with sidebars. Some of those changes were adopted 
in June 1992. 

In addition, please find a letter and attachment from 
R. Michael Lamb, Chairman of the NAIC Casualty Actuarial 
(Technical) Task Force to the Chairman of the NAIC Blanks 
Task Force dated June 17, 1992. That material contains 
suggested additional revisions for the 1993 instructions 
(the opinion due March 1, 1994). 

Due to the significance and the scope of these changes, 
we thought this material would be useful to you. 



1. Thae is to be included or attached to Page 1 of the. Ammai Statement, the statement of a quatifled actussy. 
entitled “Suuement of Actuarial Opiniar,’ setting forth his or her opinion tulating to bss and toss 
adjustment expense re-swes. The qualified actuary must bc appointed by the Board of Diitom. or its 
equivaknt,orbyacommitmcofthc~,byDMakx31oftbe~~yesrforwbichcbtopiniwis 
remkmd. Wheuevet the appointed actuary is teplaced by the Board of Directors, cht company must ncti@ 
tbecbmiciliarycommissionerwithin30dayJoftha~of~aBoerdacrioaandgivethe~s~rht 
replacement. The appointad actuary most present a repat to dte Board of Dlton each year on Ute items 
within the scope of the opinion. 

2. Dctmitinns 

“Qualifiad acnwy” is a person who is either 

A. A member in good stat&g of the Casualty Actuarial Saciety. M 

8. A member in good standing of the American Academy of Actuaries who has been approved as 
qualiii fot signing casualty loss reserve opinions by the Casualty Practice Council of the 
Amtican Academy of Actuaries, or 

C. A pason wbo otbuwise has competency in loss mauve evaluation as demonstrated to the 
dsfaction of the insurance regolmory official of the dmicii state. In such case, at least 90 
day5 prior to the filing of its annual statement. the insumr must request approval dtat the person be 
dctmul qua&xl and that request must ba approved or de&d. The request must include the NAIC 
Biographical form and a list of alI loss reserve opinions issued in the last 3 years by this person. 

Notwithstanding the above, a domiciliary commissioner may, by bulletin or regulation, specify who may 
sign an opinion. Also. a domiciliary commissioner may rquk partictdar qualifications, including 
indegcodence. for specific insurers 

“Iasunr” means an iosumr audtorized to write pmpcrty and/or casuahy insurance under tire laws of any 
state and includes bum is not limited to fi and marine companies, general casualty companies, local 
mums4 aid societies, statewide mutual assessment companies, mutual insurance compnniea other than farm 
mutual insurance companies and county mutual insurance companies, Lloyd’s plans. trxiprocal and 
invrhwrance exchanges, captive insurance companies, risk retention groups, stipulated premium 
insmmxe companies, and non-profit legal sexvices corporations. 

“Aaaarial report” means a document or other pnsentation. pnparrd as a formal means of conveying the 
actuary’s pmfessional conclusions and rccommratdations. of mcording and communicating the methods 
and gaocedures, aad of insuring that the p&a addressed are aware of the significance of du actuary’s 
opinion or findings and which documents the analysis underlying the opinion. 

“Annual Statement” means the atutu& financial statement mquired to ba filed by insurers with the 
CommiSSiOtUZ 
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The opinion shall be in the format of and contain the information required by this Section 13 of the Annual 
statement lnsmlctions: Property and casualty. 

An insurer who intends to file for one of the exemptions under this section must submit a letter of intent to 
its domiciliary commissioner no later thsn Decembe: 1 of the calendar year for which the exemption is to 
be claimed. The commissioner may deny the exemption prior to December 31 of the same year if he 
deems the exemption inappropriate. 

A certitied copy of the approved exemption must be tiled with the annual statement in all jurisdictions in 
which the company is authorized. 

An insurer otherwise subject to the requirement that has less than 51.OftO.000 total direct plus assumed 
written premiums during a calendar year in lieu of the opinion required for the calendar year. may submit 
an aftidavit under oath of an officer of the insurer that specifies that amount of direct plus assumed 
premiums written. 

. 
c 

Unless ordered by the domiciliary commissioner, an insurer that is under supervision or conservatorship 
pursuant to statutory provision is exempt from the filing requirements contained herein. 

An insurer otherwise subject to the requirement and not eligible for an exemption as enumerated above 
may apply to its domiciliary commissioner for an exemption based on the nature of business written. This 
exemption is available to those companies writing property lines only. 

A. An insurer otherwise subject to this requirement and not eligible for an exemption as enumerated 
above may apply to the commissioner for a financial hardship exemption. 

B. Financial hardship is presumed to exist if the projected reasonable cost of the opinion would exceed 
the lesser 0E 

(0 One percent of the insurer’s capital and surplus reflected in the insurer’s latest quarterly 
statement for the calendar year for which the exemption is sought; or 

(ii) Three percent of the insurer’s pmjected net direct plus assumed premiums written during the 
cslendar year for which the exemption is sought as reflected in the insurer’s latest quarterly 
statement filed with its domiciliary commissioner. 

Such a statement of opinion must consist of a paragraph identifying the actuary; a scope paragraph 
identifying the subjects on which an opinion is to be expressed and describing the scope of the actuary’s 
work (see sections 8-10 below); and an opinion paragraph expressing his or her opinion with respect to 
such subjects (see sections 11-13 below). One or more additional paragraphs may be needed in individual 
cases if the actuary considers it necessary to state a qualification of his or her opinion or to explain some 
aspect of the annual statement which is not already sufftciently explained in the annual statement. 

404 Revised 
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6. The opening paragraph should generally indicate the actuary’s relationship to the company. For a company 
actuary the opening paragraph of the actuarial opinion should contain the sentence: 

“I. (name and title of actuary), am an officer (employee) of (named insurer) sod a member of the 
American Academy of Actuaries and meet its qualification standards. (and/or) I am a 
Fellow/Associate of the Casualty Actuarial Society. I was appointed by the Board of Directors (or 
equivalent authority) on (insert date) to render this opinion.” 

For a consulting actuary, the o$ening paragraph of the actuarial opinion should contain the sentence: 

“I, (name and title of actuary), am associated with the firm of (name of fm). I am a member of 
the American Academy of Actuaries and meet its qualification standards. (and/or) I am a 
Fell~~/Associate of the Casualty Actuarial Society. I was appointed by the Board of Directors (or 
equivalent authority) on (insmt date) to render this opinion. 

A member of the American Academy of Acwaries qualifying under paragraph 2(B) must attach the 
approval letter from the Academy. 

For a person other than a member of the American Academy of Actuaries or a memher of the Casualty 
Actuarial Sccicty, rhe opening paragraph of the opinion should contain the sentence: 

“I, (name and title), am an officer (employee) of (name of insure& and I have demonatmted 
competency in loss reserving to the Wkfaction of (regulatory official of domiciliary state). I was 
appointed by the Board of Directors (or equivalent authority) on (iosert date) to render this 
opinion.” 

or 

“1, (name and title of consultant), am associated wilh the firm of (name of fm). I have 
demonraated competency in loss reserving to the satisfaction of (regulatory official of domiciliary 
stale). I was appointed by tbe Board of Directors (or equivalent authority) on (insert &te) to render 
this opinion.” 

1. The following are examples. for illustrative purposes, of language which in typical circumstances would be 
included in the remainder of the statement of act&al opinion. The illustrative language should be 
moditkl as needed to meet the circumstances of a particular case, and the actuary should in any CBSB use 
language which clearly expresses his or her professional judgment. 

8. The scope paragraph should contain a sentence such as the following: 

“I have examined the actuarial assumptions and methods used in determining RYXXVCS listed below. 
as shown in the Annual Smement of the company as prepared for filing with state regulatory 
ofkicials, as of December 31.19,.” 

The paragraph should list those items and amoums with respect to which the actuary ia expressing an 
opinion. The list should include but not necasarily be limited to: 

A. Reserve for unpaid losses (Page 3. Item 1); 

Anticipated salvage and subrogation included as a reduction to loss reserves as reported in Schedule 
P - Analysis of Losses and Loss Expenses. Underwriting and Investment Exhibit - Part 3A and on 
Page 3 - Liabilities, Surplus and Other Funds, Line 1 and disclosed in Note t17 to the Financial 
Statements $ : and discount for time value of money included as a reduction to 
loss reserves and loss expcnsc reserves as reported in Schedule P - Analysis of Losses and Loas 
Expenses, Part 3A - Underwriting and Investment Exhibit, and on Page 3 - Liibilitiw. Surplus and 
Other Punds. Lines 1 and 2 $ 

RWiSCd 
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B. 

C. 

D. 

Reserve for unpaid loss adjustment expenses (Page 3, Item 2). 

Reserve for unpaid losses - Direct and Assumed (Schedule P, Part 1, Cols. 13 and 15). 

Reaewe for unpaid loss adjusvncnt expenses - Direct and Assumed (Schedule P, Part 1, Cols. 17, 
19 and 21). 

9. The scope paragraph should include a paragraph such as the following regarding the data used by the 
actuary in forming the opinion: 

“In forming my opinion on the. loss and loss adjustment expense reserves, I relied upon data 
prepamd by the respoosiblc officers or employees of the company or group to which it belongs. I 
evfdntUed that data for masonabla~ess and consistency. I also reconciled that data to Schedule P- 
Part 1 of the company’s cuIIent annual statemenL lo other respects, my examination included such 
review of the actuarial assumptims and methods used and such tests of the calcuIations as I 
considered ttecasary. 

I 

10. The actuary should comment in the scope section, as appropriate, on relevant topics such as the following /I 
to the extent they affect, or could affect, the loss reserves; discounting, salvagJsubrogation. loss portfolio 
~ansfers, financial reinsuranee, and ninsurancc collectibiIity. If the company reserves wiIl create 
exceptional values using tba NAIC IRIS tests, the actuary should include an explanation. 

11. The opinion paragraph should include a sentence which covers at least the points listed in the following 
illustration: 

“In my opinion, the amounts carried in the balance sheet OR account of the items identified above 

A. meu the requirements of the insurance laws of (state of domicile). 

B. are computed in accordance with accepted loss reserving standards and principles. 

C. makea reasonable provision for all unpaid loss and loss expense obligations of the 
Company under the terms of its policies and agreements.” 

Insurance laws and regulations shall at all times take precedence over the actuarial standards and 
principles. 

12. If there has been any material change in the actuarial assumptions and/or methods from those previously 
enlployed that change should be described in the statement of actuarial opinion by inserting a phrase such 
as: 

“A matchI change in actuariaI assumptions (and/or methods) was made during the past year, but 
such change accurds with accepted loss reserving standards.” 

A brief description of the change should follow. 
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13. 

14. 

15. 

‘fbe adoption of uew issues or covetages requiting uudedying actuarial assumptions which differ from 
actuarisd 8SSmlIpliOlts used for prior issues or coverages is not a change in acmatiaI assumption witbln the 
meaning of this pamgraph. 

If tha acluary is wable to fom an opinion, ha or she should refuse to iswe a statement of opinion. If the 
actuary’s opinion is adverse or qualified, the actuary should issue an advesse or qualified actuarial opinlott 
explicitly stating the twscm(s} for such opinion. 

The statement must include assurance that an actuarial report and un&rlying worhpapers suppordng the 
actoatiat opinion will be maiutaiued at tbe company and available for examination for seven years. Tbe 
wording for an actuary employed by the company should be similar to the following: 

“An acruarial report and UndcrIying wotkpapers supporting the findings expressed in this statement 
of acmatiaI opinion will be mtained for a period of seven years in the administrative offices of the 
cornpetty and available for regtdatory exantinatlon.” 

Tbe wording for a conauhing actuary mtained by the company should be similar to the foIIowing: 

“Au actuatiaI report and underlying worhpa~ supporting the tindings express& in thii statement 
of actuarial opinion have been provided m the company to be retained for a period of Seven years at 
its administrative offices and available for regulatory examination.” 

The statement should conclude with the signatum of the acmaty responsible for providing the opinion. 
The s&nature should appeur in the folIowing formau 

sQnauue of actuary 
Primtednameofactuaty 
Address of actuary 
Tclepbooe number of actuary 

The purpose of this Anmtal &atemcnt instruction is m improve the surveillance of tbe financial condition of 
irt~usent by rcquirlng an amuuiI examination by independent certified public accountantS of the finauclal 
~lgtements reporting the financiaI position and tbe results of operations of insurers. 

AU insurers shall have an annual audit by an independent certitkl public accountant and shall file an 
audited financial toport as a supphxnent to the Annual Statement on or before June 1 for the year ended 
December 31 immediately preceding. The domiiiliaty Commisslona may require au insurer to file an 
audited t%ancial report earlier than June I with ninety (90) days advance notice to the insurer. 

2. Definiticns 

k “Audited financial report” means and includes those items specified in Section 3 below. 

B. “Accountant” and “bdePandent Cettitied Public Accountant” means an independent certified publii 
8~~0u11tant or accounting fum in good standing with the American Institute of Cettlfied Public 
Accountants and in alI states in which they am licensed m practice; for Canadian artd British 
companies, it means a Canadhin-chattemd or Brltishshartered accmmn~” 
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June 17. 1992 

DEPARTMEN I OF 

INSURANCE ANC 

FII\;ANCE 

Mr. Robert M. Solitro 
Director of Examinations 
New Hampshire Insurance Department 
169 Manchester Street 
Concord, NH 03301 

Re: Statement of Actuarial Opinion: General Instruction 13 
Annual Statement for Property/Casualty Companies 
Proposals from the Casualty Actuarial Task Force for 1993 

Dear Bob: 

I The NAIC Casualty Actuarial Task Force recommends some further chancres to the 

I Instructions relating to the Actuarial Opinion for property-casualty 
companies. I wish to describe the substantive changes for review by your 
Blanks Task Force members. 

The revision concerning reliance on underlying data was already adopted by 
your Blanks Task Force for 1992 with a recommendation from the Casualty 
Actuarial Task Force. This change was a deletion of 1991 sections 9 and 10 

, and substituting a new section, which appears in the attached version as a new 
Section 10. Since this proposal has not been acted upon by either the NAIC 
Plenary Session or its Executive Committee, it appears as a new revision in 
this proposal document. It does not require further discussion or action. 

Me are proposing several substantive changes in Section 11 instructing the 
actuary to comment on several items affectina loss or loss exoense reserves. 
Prior instructions listed six specific items and advised the actuary to 
comment on any, when appropriate. Many or most actuaries chose not to comment 
on several items, which left us with questions about the completeness of their 
reviews of reserves. Me now want to require comment on each of the listed 
items. A new sentence is added near the end of the first paragraph to 
preserve the original intent of allowing the actuary to direct attention to 

( any other contingencies or uncertainties deserving continuing attention 
without having to give a "qualified" opinion. 

We have seen several 1991 opinions stating that the actuary could not review 
reserves for the company share of losses or expenses from underwritins 0001s 
and associations since underlying data is not available. He propose to add 
this matter to the list of items for which comment in required and to require 
disclosure of reserve amounts in a new Section 9. The NAIC should consider 
regulatory strategies for requiring pools to provide reserving information and 
actuarial opinions. 



Mt. Robert M. Solitro 
June 17, 1992 
Page 2 

This paragraph has required actuaries to give an explanation of the change in 
reserves if that change has caused ex e. - 
Actuaries have been asking us which tests we want them to look at, claiming 
that their opinions often must be given to the companies before all statement 
items used in IRIS tests are finalized. We wish to specify tests 9,lO. and 
11, which deal with reserve development. Reserve changes which do not affect 
these tests are unlikely to be the.primary reason for exceptional values on 
other tests. 

Actuaries have been asking us what we mean by "I- folio r n f rs" and 
"financial reinsurance." These terms apparently have varieties of meanings. 
To give some guidance, to an extent we consider prudent, we are introducing 
definition of these two terms. The phrases in these definitions come from 
Chapter 22 of the Accounting Practices Manual. 

Probablv the areatest amount of inauiries have come to us about what we want 
the actGary t6 do regarding My. We do not believe the 
actuary should be the orincioal expert on this matter. but we do think the 
actuary should not naively assume all reinsurance claims will be honored and 
should know how much attention company management has given the matter. The 
final new paragraph in Section 11 lists some things the actuary should do 
before commenting. 

The treatment given by the actuary to each item listed in Section 11 will be 
described in the actuarial report which will be available for regulators to 
examine on request (see new language in Section 15). Hence, a casual 
statement that each item was considered will not be sufficient. 

We propose that the disclosure instructions for amounts of anticipated salvage 
and subrosation and reserve discounting which were added as a subparagraph to 
Section 8.A. for 1991, be moved to a ne; Section 9. Disclosure of pool 
reserves is also required by this new section. The purpose of this change is 
better organization and also to clarify the scope of the opinion. Separate 
opinion on these disclosed amounts in not required, but is implicit in the net 
and gross reserves listed in Section 8. Comment on each of these specific 
items is required by Section 11. 

The remaining proposals are less substantial. For instance, in the nature of 
vexemptjons of Section 4, we wish to delete the final sentence which 
restricts the exemption to property insurers only. Some state(s) have 
approved exemptions for ocean marine insurers or mortgage guaranty companies. 
We do not wish to restrict commissioners ability to act. The intention was to 
exempt companies which write only fast-developing lines where the uncertainty 
of loss reserves is not a substantial issue. 



Mr. Robert M. Solitro 
June 17, 1992 
Page 3 

Paragraph 2.C. allows an insurer to request approval to provide an opinion 
from someone who does not have credentials from the Casualty Actuarial Society 
or the American Academy of Actuaries. In such cases, states other than the 
state of domicile have no evidence of this approval. We propose to require a 
copy of the domiciliarv state approval letter, just as we currently require a 
copy of the Academy letter from any of its members who are not CAS members 
(Section 6). 

Last year, for 1992 opinions, we proposed changing the workbaoers requirement 
in Section 15 to an "actuarial report" requirement. The Blanks Task Force and 
the EX4 Subcommittee added a phrase "and underlying workpapers" following 
"actuarial report" where it appears in three places. Our intent was to avoid 
requesting "workpapers" and getting a boxful of scratchpaper scribblings. 
Instead, we would be getting an organized presentation of how reserves were 
established. These reports will be subject to standards and guidelines 
adopted by the Actuarial Standards Board (ASB) and discipline imposed on CAS 
and Academy members. To make sure we got what we wanted, we added a crucial 
phrase to the ASB definition of actuarial report: "...and which documents the 
analysis underlying the opinion." The reports will show the development 
triangles and other quantitative mechanics of computing the reserves. We are 
proposing to delete the phrase "and underlying workpapers" for two reasons: 

1. "Actuarial report" is the precise definition of what we want to see. 

2. A requirement of "workpapers" may be troublesome to some auditors or 
actuaries employed by auditing firms. 

Thank you for the opportunity to present the recommendations from our task 
force. We believe the Actuarial Opinion requirement for property-casualty 
companies has become a major tool for our efforts to promote sound insurer 
management for solvency. 

Sincerely, 

R. Michael Lamb, FCAS, MAAA 
Casualty Actuary 
Insurance Division 
(503) 378-4271 

RML:rml 
INS5989 

Enclosure 
cc: Jean Olson, NAIC 
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ACTUARIAL OPINION 

2. 

There is to be included or attached to Page 1 of the Annual Statement, the 
statement of a qualified actuary, entitled "Statement of Actuariai 
Opinion," setting forth his or her opinion relating to loss and loss 
adjustment expense reserves. The qualified actuary must be appointed by 
the Board of Directors, or its equivalent, or by a committee of the Board, 
by December 31 of the calendar year for which the opinion is rendered. 
Whenever the appointed actuary is replaced by the Board of Directors, the 
company must notify the domiciliary commissioner within 30 days of the 
date of the Board action and give the reasons for the replacement. The 
appointed actuary must present a report to the Board of Directors each 
year on the items within the scope of the opinion. 

Definitions 

"Qualified actuary" is a person who is either: 

A. A member in good standing of the Casualty Actuarial Society, or 

6. A member in aood standing of the American Academy of Actuaries who 
has been appqoved as qualified for signing casualty loss reserve 
opinions by the Casualty Practice Council of the American Academy of 
Actuaries,-or 

C. A person who otherwise has competency in loss reserve evaluation as 
demonstrated to the satisfaction of the insurance regulatory official 
of the domiciliary state. In such case, at least 90 days prior to 
the filing of its annual statement, the insurer must request approval 
that the person be deemed qualified and that request must be approved 
or denied. The request must include the NAIC Biographical form and a 
list of all loss reserve opinions issued in the last 3 years by this 
person. 

Notwithstanding the above, a domiciliary commissioner may, by bulletin or 
regulation, specify who may sign an opinion. Also, a domiciliary 
commissioner may require particular qualifications, including 
independence, for specific insurers. 

"Insurer" means an insurer authorized to write property and/or casualty 
insurance under the laws of any state and includes but is not limited to 
fire and marine companies, general casualty companies, local mutual aid 
societies, statewide mutual assessment companies, mutual insurance 
companies other than farm mutual insurance companies and county mutual 
insurance companies, Lloyd's plans, reciprocal and interinsurance 
exchanges, captive insurance companies, risk retention groups, stipulated 
premium insurance companies, and non-profit legal services corporations. 
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"Actuarial report" means a document or other presentation, prepared as a 
formal means of conveying the actuary's professional conclusions and 
recommendations, of recording and communicating the methods and 
procedures, and of insuring that the parties addressed are aware of the 
significance of the actuary's opinion or findings and which documents the 
analysis underlying the opinion. 

"Annual Statement" means the annual financial statement required to be 
filed by insurers with the commissioner. 

3. Content 

The opinion shall be in the format of and contain the information 
required by this Section 13 of the Annual Statement Instructions: 
Property and Casualty. 

4. Exemptions 

An insurer who intends to file for one of the exemptions under this 
section must submit a letter of intent to its domiciliary commissioner no 
later than December 1 of the calendar year for which the exemptions is to 
be claimed. The commissioner may deny the exemption prior to December 31 
of the same year if he deems the exception inappropriate. 

A certified copy of the approved exemption must be filed with the annual 
statement in all jurisdictions in which the company is authorized. 

Exemption For Small Comoanies 

An insurer otherwise subject to the requirement that has less than 
$l.OOO,OOO total direct plus assumed written premiums during a calendar 
year in lieu of the opinion required for the calendar year, may submit an 
affidavit under oath of an officer of the insurer that specifies that 
amount of direct plus assumed premiums written. 

Exemotion for Insurers under Supervision or ConservatorshiR 

Unless ordered by the domiciliary commissioner, an insurer that is under 
supervision or conservatorship pursuant to statutory provision is exempt 
from the filing requirements contained herein. 

Exemption for Nature of Business 

An insurer otherwise subject to the requirement and not eligible for an 
exemption as enumerated above may apply to its domiciliary commissioner 
for an exemption based on the nature of business written. [TRi+-exempt&n 
is-auai~ab~e-~e-ikese-eem~a~~e5-w~~~~~g-~~e~e~~~-~~~e5-en~~~l 

Financial Hardship Exemption 

A. An insurer otherwise subject to this requirement and not eligible 
for an exemption as enumerated above may apply to the commissioner 
for a financial hardship exemption. 
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B. Financial hardship is presumed to exist if the projected reasonable 
cost of the opinion would exceed the lesser of: 

(i) One percent of the insurer's capital and surplus reflected in 
the insurer's latest quarterly statement for the calendar 
year for which the exemption is sought; or 

(ii) Three percent of the insurer's tprejeetefl-net1 direct plus 
assumed premiums written durina the calendar year for which 
the exemption is sought as ticted from lee&eGed-in1 the 
insurer's latest quarterly statements filed with its 
domiciliary commissioner. 

5. Such a statement of opinion must consist of a paragraph identifying the 
actuary; a scope paragraph identifying the subjects on which an opinion 
is to be expressed in describing the scope of the actuary's work (see 
sections 8-11 below); and an opinion paragraph expressing his or her 
opinion with respect to such subjects (see sections 12-14 below). One or 
more additional paragraphs may be needed in individual cases if the 
actuary considers it necessary to state a qualification of his or her 
opinion or to explain some aspect of the annual statement which is not 
already sufficiently explained in the annual statement. 

6. The opening paragraph should generally indicate the actuary's 
relationship to the company. For a company actuary the opening paragraph 
of the actuarial opinion should contain the sentence: 

"I, (name and title of actuary), am an officer (employee) of (named 
Insurer) and a member of the American Academy of Actuaries and meet 
its qualification standards. (and/or) I am a Fellow/Associate of 
the Casualty Actuarial Society. 1 was appointed by the Board of 
Directors (or equivalent authority) on (insert date) to render this 
opinion." 

For a consulting actuary, the opening paragraph of the actuarial opinion 
should contain the sentence: 

"I, (name and title of actuary), am associated with the firm of 
(name of firm). I am a member of the American Academy of Actuaries 
and meet its qualification standards. (and/or) I am i 
Fellow/Associate of the Casualty Actuarial Society. I was appointed 
by the Board of Directors (or equivalent authority) on (insert date) 
to render this opinion." 

A member of the American Academy of Actuaries qualifying under paragraph 
2.8. must attach the approval letter from the Academy. 

For a person other than a member of the American Academy of Actuaries or 
a member of the Casualty Actuarial Society, the opening paragraph of the 
opinion should contain the sentence: 
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"I, (name and title), am an officer (employee) of (name of insurer), 
and I have demonstrated competency in loss reserving to the 
satisfaction of (regulatory official of domiciliary state). I was 
appointed by the Board of Oirectors (or equivalent authority) on 
(insert date) to render this opinion." 

"I, (name and title of consultant), am associated with the firm of 
(name of firm). I have demonstrated competency in loss reserving to 
the satisfaction of (regulatory official of domiciliary state). I 
was appointed by the Board of Directors (or equivalent authority) on 
(insert date) to render this opinion." 

A oerson who is neither a member of the American Academv of Actuaries nor 
p member of the Casualtv Actuarial Societv and who has aualified under 
paraaraah 2.C. must attach the aporoval letter from the insurance 
regulatory official of the domiciliarv state. 

7. The followins are examples. for illustrative purposes, of lanauaae which 
in typical crrcumstances would be included in'the remainder 07 the 
statement of actuarial opinion. The illustrative language should be 
modified as needed to meet the circumstances of a particular case, and 
the actuary should in any case use language which clearly expresses his 
or her professional judgment. 

8. The scope paragraph should contain a sentence such as the following: 

"I have examined the actuarial assumptions and methods used in 
determining reserves listed below, as shown in the Annual Statement 
of the company as prepared for filing with state regulatory 
officials, as of December 31, 19-." 

The paragraph should list those items and amounts with respect to which 
the actuary is expressing an opinion. The list should include but not 
necessarily be limited to: 

B. Reserve for unpaid loss adjustment expenses (Page 3. Item 2). 
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C. Reserve for unpaid losses - Direct and Assumed (Schedule P, Part 1, 
Totals from Cols. 13 and 15). 

D. Reserve for unpaid loss adjustment expenses - Direct and Assumed 
(Schedule P, Part 1. Totals from Cols. 17, 19 and 21). 

9 & e Th tuar sh 1 at n which he or 
# shei exr in n 

A _-I Anti i ate salv 9 and 
e r serv s 
Ex n g n rwrii n Inv 
-A - Li bili i ine 1 

B -...% Discount r ion to loss 
rOSerYef 
Analvsis of l..;ses and Loss Exnenses. Part 3A -'kderuritino and 
g Inve rol n her 
Funds. Lines 1 and 2. $ : and 

c 1 Th ne r rv & anv's share of 
und em.t i in 1 n n XD n which 
ar in lu g4 inr rv rnlus an 
Qther Funds. Lines 1 and 2. S 
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10. The q ScoDe Daraaraoh should include a DaraoraDh such as the follouin 
reaardina the data used bv the actuary in formina the oDinion: 

"In formina mv oDinion on the loss and loss adiustment exoense 
reserves. I relied UDon data DreDared bv the resDonsible officers or 
gawlovees of the cowanv or arouD to which it belonas. I evaluated 
that data for reasonableness and consistencv. I also reconciled 
that data to Schedule P - Part 1 of the ccxwanv's current annual 
statement. In other resDects. mv examination included such review 
of the actuarial assuau&ions and methods used and such tests of the 
calculations as I considered necessary." 

11. The actuary should comment in the scope section pn each of the following 

akey-affec~r-er-seu~~-a~~e~~~-~~e-~e5~-~e$e~~e$~l discounting, 
salvage/subrogation, ynderuritina ~001s or associations, loss portfolio 
transfers, financial reinsurance, and reinsurance collectibility. m 
actua r 
relevant tooics u hich in !he actua 

h f n i 1 
rv's iudsme t materiallv affect loss or 

loss exDense reserves. If the company reservzs will create exceptional 
values using the NAIC IRIS tests 9. 10. and 11, the actuary should 
include an explanation. 

For the ourDose of this instruction. 'loss Dortfolio transfer" refers to 
anv aareement which increases the transferrina insurer's SurDlus To 
Policvholders as a result of the transferee undertakina anv loss 
obliaation already incurred and for which the consideration Daid by the 
transferrina insurer is derived from Present value or discountinq 
ConceDts. 

"Financial reinsurance" refers to contractual arranaements for which 
credit is not allowed by the NAIC Accountina Practices and Procedures 
Manual for the cedina insurer because the arranqements do not include a 
transfer of both timing and underwritinu risk bv which the reinsurer 
undertakes in fact to indemnify the cedina insurer aqainst loss or 
liability by reason of the oriainal insurance. 

Before conxeentina on reinsurance collectibilitv. the actuarv should 
solicit information from manaaement on anv actual collectibility 
Droblems. review ratinas siven to reinsurers bv a recoonized rating 
service. and examine Schedule F for the current Year for indications of 
r ttsu. 1 tor ver S 
mst due. The cormaent should also reflect any other information the 
actuary has received from manaaement or which is Dubliclv available about 
the ca abilit or willin ness of reinsurers to a claims. The actuary's 

\ U$IW&.~ nit imDlv anqooinion on the financiIIYcondition of any 
e . 

12. The opinion paragraph should include a sentence which covers at 
least the points listed in the following illustration: 

"In my opinion, the amounts carried CiR-eke-Ba~aRee-sbee~l on account of 
the items identified [abevel in the ScoDe DataariiDh 
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A. meet the requirements of the insurance laws of (state of domicile). 

6. are computed in accordance with accepted loss reserving standards 
and principles. 

C. make a reasonable provision for all unpaid loss and loss expense 
obligations of the Company under the terms of its policies and 
agreements." 

Insurance laws and regulations shall at all times take precedence over 
the actuarial standards and principles. 

13. If there has been any material change in the actuarial assumptions 
and/or methods from those previously employed, that change should be 
described in the statement of actuarial opinion by inserting a phrase 
such as: 

"A material change in actuarial assumptions (and/or methods) was 
made during the past year, but such change accords with accepted 
loss reserving standards." 

A brief description of the change should follow. 

The adoption of new issues or coverages requiring underlying actuarial 
assumptions which differ from actuarial assumptions used for prior issues 
or coverages is not a change in actuarial assumption within the meaning 
of this paragraph. 

14. If the actuary is unable to form an opinion, he or she should refuse 
to issue a statement of opinion. If the actuary's opinion is adverse or 
qualified, the actuary should issue an adverse or qualified actuarial 
opinion explicitly stating the reason(s) for such opinion. 

15. The statement must include assurance that an actuarial report land- 
oR~edjrjRg-weFkgageFsJ supporting the actuarial opinion pnd describing 
how the actuarv treated each of the tonics listed in oaraaraoh 11 will be 
maintained at the company and available for examination for seven years. 
The wording for an actuary employed by the company should be similar to 
the following: 

"An actuarial report CaR~-erR~elcJjriRg-werkgageF53 supporting the 
findings expressed in this statement of actuarial opinion will be 
retained for a period of seven years in the administrative offices 
of the company and available for regulatory examination." 

The wording for a consulting actuary retained by the company should be 
similar to the following: 

"An actuarial report Card-~R~e~~jriRg-werkgaQers1 supporting the 
findings expressed in this statement of actuarial opinion have been 
provided to the company to be retained for a period of seven years 
at its administrative offices and available for regulatory 
examination." 
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16. The statement should conclude with the signature of the actuary 
responsible for providing the opinion. The signature should appear in 
the following format: 

Signature of actuary 
Printed name of actuary 
Address of actuary 
Telephone number of aCtUarY 

INSPA693/698 
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DELTA HOLDINGS, INC., 
Plaintiff-Appeilee. 

P. 
NATIONAL DISTILLERS AND 
CHEMICAL CORPORATION, 

Defendant-Appellant. 

No. 355, Docket 90-7628. 

United States Court of Appeals, 
Second Circuit. 

Argued Dee 6,1999. 
Decided Oct. 1, 1991. 

Buyer of reinsurauee corporation 
brought action against seller, alleging secu- 
rities violations, common-law fraud and 
breach of express warranties. The United 
Stat.423 Diitrict Court for the Southern Dii- 
trkt of New York, John F. Keenan, J., 
awarded buyer 24.3 million dollars in dam- 
ages plus prejudgment interest and 0~ 
dered rescission of entire transaction. Sell- 
er appealed. The Court of Appeala, Win- 
ter, Circuit Judge, held that: (1) evidence 
did not support district court’s fmding that 

945 FEDERAL REPORTER, 2d SERIES 

reinaurance corporation’s president knew 
of its insolvency at time of acquisition; (2) 
reports of actuarial firm regcuding reinsur- 
er’s loss reserws were not material at per- 
tinent time, so as to impose duty on presi- 
dent under securities laws and warranty in 
stack purchase agreement to disclose re 
ports, (3) there wBs no violation of securi- 
tie-s Laws or reinsurer’s promise to provide 
access to books and rererds in commotion 
with reinsurer’s failure to take position. on 
magnitude of error in using dates of claim 
reporta to ceding compsnies or brokers, 
rather than dates of claim reports to rein- 
surer, in estimating IiabilitJr for incurred- 
but-notreported (IBNR) claims, and (4) 
warranties in stock purebe agreement 
did not constitute guaranty by seller that 
loss reserve estimates on reinsurer’s hooks 
would prove in future to he substantially 
accurate. 

Reversed. 

1. Fraud *58(2) 
Securltles Regulation @60.63(Z) 

Evidence did not support district 
court’s finding that president of reinsur- 
snce company knew of company’s insolven- ’ 
cy at time of its acquisition, such as would 
have lent support to fiidings of securities 
violatiom, common-hw fraud and breach of 
contract, despite preaeqnisition request 
that actuarial fii not calculate precise 
loss reserve fi8ure for incurred-but-not-e 
ported (IBNR) claims and president’s faii 
ure to disclose firm’s reports, absent high- 
Iy implausible scheme, of which there was 
no evidence, president could not have sua- 
petted company’s insolvency after he con- 
structed loss projections erroneously baaed 
on improper computer data Securities Ex- 
change Act of 1934, 5 16(b), 15 U.S.C.A. 
5 78j(b); Securities Act of 1933,§ 12(2), 15 
U.S.C.A. 0 TV(Z). 

2. corporation8 -120 
securttiu Regulation cbo.28(11) 

Adnsrial fii’s report conesming r-s- 
insurance corporation’s bes reserve for in- 
curred-butnotreported (IBNR) claima was 
not material at pertinent times to purchase 
of reinsurance eorporatio~ 80 as to impose 
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duty on corporation’s president under secu- 
rities laws and warranty in stock purchase 
agreement to disclose report; accounting 
fii and actuarial firm evaluating reserves 
in connection with purchase were familiar 
with accounting method described in report 
and calculations possible from worksheets 
appended to report would not have been of 
interest at time balance sheet was pre- 
pared. Securities Exchange Act of 1934, 
$ 10(b), 15 U.S.C.A. 5 78j@); Securities 
Act of 1933, 5 Z(2), 15 U.S.C.A. 8 771(2). 

3. Securities Regulation @&0.28(11) 
Actuarial fii’s report concluding that 

there was deficiency of nearly $11,000,000 
in reinsurance corporation’s loss reserves 
for incurred-but-not-reported (IBNR) claims 
was not material at pertinent times in con- 
nection with purchase of corporation, so a8 
to impose duty on corporation’s president 
under securities laws and warranty in 
stock purchase agreement to disclose re- 
port; problem with treaties in question was 
revealed by president, attempt to remedy 
deficiency was disclosed and fact that re- 
port contained facts concerning problem 
was not significant. Securities Exchange 
Act of 1934, $ 10(b), 15 U.S.C.A. 8 78j(b); 
Securities Act of 1933, 5 12(2), 15 U.S.C.A. 
$ 771(2). 

4. Securities Regulation *60.27(l). 60.. 
45(l) 

Liability under 9 10(b) requires materi- 
al misrepresentation and showing of scien- 
ter. Securities Exchange Act of 1934, 
5 10(b), 15 U.S.C.A. $ 78j(b). 

5. Securities F&gulation -60.28(13) 
Reinsurance corporation’s personnel 

were ignorant of ramification8 of using 
dates claims were reported to ceding com- 
panies or brokers, rather than dates claims 
were reported to reinsurer, in estimating 
liability for incurred-bubnot-reported 
(IBNR! claims, and of relevance of actuari- 
al firm’s reports to that problem, preclud- 
ing finding of p 10(b) violation for failure 
to disclose reports or to take position a8 to 
magnitude of error resulting from using 
improper data in connection with sale of 
corporation. Securities Exchange Act of 
1934, p lm), 15 U.S.C.A. g 78j@). 

6. Securities i&gulation @==60.28(13) 
Failure of reinsurance corporation’8 

personnel to characterize use of date8 
claim8 were reported to ceding companies 
or brokers, rather than date8 claims were 
reported to reinsurer, in estimating liability 
for incurred-but-not-reported (IBNR) claim8 
as causing distortion of any particular 
magnitude was not “misleading omission,” 
so as to constitute securities violation in 
connection with sale of corporation; rein- 
surer was known to lack actuarial sophisti- 
cation and, thus, silence of it8 nonactuaries 
could not have lead professional actuary 
evaluating loss reserve8 to believe problem 
was trivial. Securities Act of 1933, 5 12(2), 
15 U.S.C.A. 5 771(2). 

See publication Words and Phrases 
for other judicial constructions and 
definitions. 

7. Securities Regulation WO.26(13) 
Reinsurer did not behave unreasonably 

in connection with its sale when it failed to 
probe magnitude of error in using dates 
claims were reported to ceding companies 
or brokers, rather than dates claims were 
reported to reinsurer, in estimating liability 
for incurred-but-not-reported (IBNR) claims 
when inquiry was made as to reason8 for 
numbers changing iu loss development pro- 
jections and, thus, there was no “mislead- 
ing omission” constituting securities viola- 
tion; buyer’s agents, including fms with 
actuarial experience and knowledge far ex- 
ceeding that of any personnel at reinsurer, 
were conducting independent inquiry into 
reinsurer’s financial status, with particular 
concern for adequacy of ita 1088 reserves. 
Securities Act of 1933, 8 12(Z), 15 U.S.C.A. 
5 771(2). 

8. Fraud @=27 
Seller of reinsurance corporation did 

not make material misrepresentation con- 
cerning improper reliance on dates of claim 
reports to ceding companies or brokers, 
rather than date8 of claim report8 to rein- 
surer, in estimating liability for incurred- 
but-not-reported (IBNR) claims that was 
relied upon in any way by buyer, so as to 
constitute common-law fraud; injury to 
buyer was caused by its mis~derstanding 

. 
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of problem, which in no way resulted from 
seller’8 conduct. 

Abbott & Morgan, of counsel), for defen- 
dantappellant. 

9. Corporations -120 
Any omission by reinsurer regarding 

magnitude of error in using dates of claim 
reports to ceding companies or brokers, 
rather than dates of claim reports to rein- 
surer, in estimating liability for insured- 
but-notreported (IBNR) claims did not vio- 
late its promise in stock purchase agree- 
ment to provide reasonable access to it8 
books and records; reinsurer’s personnel 
were ignorant of ramifications of that prob 
iem and of relevance of actuarial firm’s 
reports to that problem. 

David Klingsberg, New York City (Paul 
J. Curran, Alan F. Goott, Michael Braff, 
Joshua N. Lief, Kaye Scholer, Fierman, 
Hays & Handler, of counsel), for plaintiff- 
appellee. 

Before KAUFMAN, NEWMAN and 
WINTER, Ciiuit Judges. 

WINTER, Circuit Judge: 

10. Corporfltion8 e==lZO 
Promise to provide reasonable access 

to books and records in connection with 
stock purchase agreement cannot extend to 
matters of which party is ignorant but 
which might indirectly be revealed by oth- 
erwise immaterial records. 

11. Corporationa arJl20 
Warranties in stock purchase agree 

ment for sale of reinsurance corporation 
did not constitute guaranty by seller that 
loss reserve estimate8 on reinsurer% books 
would prove in future to be sub8tantiaily 
accurate; provision8 in question warranted 
only that no material item had been omit- 
ted, that each item was accurately de 
scribed and that balance sheet ~8s pre- 
pared in accordance with generally accept- 
ed accounting principles. 

This factually complex litigation arises 
out of a dispute over the discio8ure of 
documents, representations, and warranties 
made by National Distillers and Chemical 
Corporation (“Distillers”) in connection 
with the sale of its wholly-owned subsidi- 
ary, Elkhom Re Insurance Company (“Elk- 
horn”), to Delta Holdings, Inc. (“Delta”). 
Following a bench trial before Judge Keen- 
an, the district court held that Distillers 
violated federal securities law, committed 
common law fraud, and breached various 
express warrantiecl. The diitrict court 
awarded Delta $24.3 million in damages 
plus prejudgment interest and ordered re 
scission of the entire transaction. We find 
as a matter of law that Distillers neither 
omitted to disclose material facts, made 
material misrepresentations, nor breached 
its warranties. We therefore reverse. 

BACKGROUND 

12. Corporation8 -120 
Reinsurance corporation’s balance 

sheet conformed with generally accepted 
accounting principles with respect to it8 
estimation of liability for incurred-but-not- 
reported (IBNR) claims for purposes of de 
terminmg sufficiency of loss reserves and, 
thus, there was no violation of warranty in 
stock purchase agreement informed 
guesswork was accepted basis for deter 
mining loss reserves, and reinsurer’s books 
were based on such guesswork. 

Joseph P. Dailey, New York City (Lot-en 
F. Selsnick, James T. Southwick, Breed, 

Distillers, now named Quantum Chemical 
Corporation, is a diversified company pri- 
marily engaged in the bu8mes8 of produc- 
ing chemicals and liquefied petroleum gas 
es. Elkhom was originally establiihed for 
the purpose of acquiring and developing 
operating insurance or reinsurance subsidi- 
aries to insure casualty and property risks 
of Distillers. Sometime thereafter, Elk- 
horn began to reinsure risks underwritten 
by other companies. The principal factual 
and legal isSUe on this appeal relate to 
contemporaneous (with the acquisition) de 
termination8 of the adequacy of financial 
reserves set aside by Elkhom to cover fu- 
ture claims. An understanding of these 
issue8 m@k8 a lengthy description Of the 
evidence at trial, begiuning with an over- 
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view of the methodologies of estimating 
loss reserves in the reinsurance industry. 

1. Loss Reserves and Reinkurance 

Risk-pooling is a form of diversification 
that reduces the dispersion or volatility of 
losses and is the essence of insurance. Re- 
insurance is the pooling among secondary 
insurers of portions of risks previously un- 
derwritten by primary insurers. In typical 
reinsurance transactions, primary insurers 
first underwrite risks in exchange for pre 
miums from the insureds. To spread the 
underwritten risks further, primary insur- 
ers transfer or “cede” a portion of their 
risks to reinsurers, who accept the risks in 
exchange for premiums from the ceding 
companies. Reinsurers, in turn, may cede 
portions of their risks to secondary reinsur- 
ers or “followers” in what are commonly 
referred to as retroactive cessions. 

Reinsurance contra& typically fall into 
two categories. A “treaty” is an agree- 
ment under which a reinsurer accepts a 
percentage participation in all risks of a 
certain type or class underwritten by the 
primary insurer (or another reinsurer) dur- 
ing a specified period of time. A “faculta- 
tive contract” is an agreement under which 
a reinsurer assumes specific risks instead 
of an entire class of risks. 

Reinsurers assume many types of risk by 
treaty or facultative contract. These in- 
clude death (e.g., life insurance), property 
loss (e.g., fire insurance), and liability to 
third parties for personal injury or proper- 
ty damage (e.g., professional malpractice 
insurance). The underwriting of third-par- 
ty liability, known as “casualty risks,” 
leads to complex problems of financing and 
accounting because assumption of third- 
party liability risks involves substantial de- 
lays or “tails” in the discovery and report- 
ing of claims. These delays, as lengthy as 
fifteen or twenty years with some policies, 
such aa medical malpractice insurance, in- 
evitably create considerable uncertainty as 
to the calculation of future claims and of 
the reserves that must be set aside to pay 
those claims. Such calculations are at the 
heart of the present dispute. 

In preparing periodic financial state 
merits, a reinsurer must treat amounts of 
earned premiums as current income and 
amounts of future claims as offsets to cur- 
rent income. These loss resefles often 
represent the largest liability item on a 
reinsurer’s balance sheet, and particularly 
the balance sheet of a casualty risk reinsur- 
er. Loss reserves must be established for 
known claims (“case reserves”) as well as 
for incurred-but-not-reported claims 
(“IBNR reserves”). Case reserve esti- 
mates are less conjectural than IBNR re- 
serves because case reserves are estab 
lished immediately after a specific claim is 
reported. Case reserves are thus sums set 
aside to cover estimated losses based on 
reported claims. In contrast, IBNR re- 
serves are sums set aside to cover losses 
for which claims have not been reported 
but must be estimated so the company can 
pay future claims. For that reason, rein- 
surers that underwrite casualty risks with 
long discovery or reporting delays often 
carry IBNR reserves that dwarf case r& 
serves. 

l 

Under generally accepted accounting 
principles (“GAAP”), a reinsurer is obligat- 
ed to make a reasonable estimate of IBNR 
liabilities. However, GAAP neither speci- 
fies a precise actuarial method nor requires 
that the reinsurer retain an independent 
actuary to prepare or review loss reserve 
estimates. Pertinent to the instant matter 
are three methods of estimating IBNR re- 
serves: (1) the incurred loss development 
method; (2) the loss ratio method; and (3) 
the Bomhuetter-Ferguson method (“B-F 
Method”). Each of these methods is well 
known within the reinsurance industry. 

The incurred loss development method 
projects future claims by using data from 
past claims experience. Judgment calls as 
to selection of pertinent data and its use 
are inherent in the incurred loss develop 
ment method. The loss ratio method uti- 
lizes a flat percentage of loss for each 
dollar of premium. Under that method, the 
percentage may be applied to the reinsured 
risks as a whole or different percentages 
may be applied to particular categories of 
risk or treaties with other companies. The 
selection of the particular percentage(s) is 
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also a judgment call(s) and based largely on 
the selector’s view of future losses. Many 
of the judgment calls needed to implement 
the loss development or loss ratio methods 
rely upon historical data as to loss report- 
ing patterns. 

The B-F Method is a hybrid of the in- 
curred loss and loss ratio methods. It di- 
vides expected underwriting losses for each 
year into two categories--expected unre- 
ported claims and expected losses based on 
reported claims. As an account year ma- 
tures, estimates of unreported claims are 
replaced by reported claims, thereby im- 
proving the accuracy of the ultimate esti- 
mate. To apply the B-F Method, there- 
fore, a reinsurer must consider two param- 
eters--first, the initial expected loss ratio 
and, second, the expected reporting pattern 
for a particular account year, The initial- 
expected loss ratio is selected on the basis 
of a variety of factors such as the general 
performance of the industry, the reinsur- 
er’s own historical loss ratio, the break- 
even loss ratio, and a comparison of expecb 
ed reported losses with actual reported 
losses in previous yeara. ‘However, be- 
cause the initialexpected loss ratio is used 
only to the extent that claims are unreport- 
ed, the ratio’s importance for a particular 
account diminishes over time. In recent 
account years, the initial-expected loss ratio 
represents the lion’s share of the final lii- 
bility estimate, whereas in older account 
years, the ratio has a diminished effect on 
the final estimate because increz&ngly 
larger portions of the losses incurred dur- 

ing those years resulted from claims that 
have already been reported. 

The second parameter in B-F analysis is 
the percentage of total losses, past and 
future, reported to date. This percentage 
is estimated on the basis of historical re- 
porting patterns-i..., the same reporting 
patterns that can be used to make direct 
extrapolations under the incurred loss de 
velopment method. Reliable historical dats 
on loss reporting patterns is thus even 
more essential to use of the B-F method 
than it is to use of the loss development 
and loss ratio methods. 

Among the methods of presenting hi&r- 
ical loss reporting patterns are formatted 
data sheets known as “loss development 
triangles.” Such triangles consist of a left- 
hand column of account dates (ie., yearC 
which policies covered by the reinsurance 
treaty were underwritten); a column to the 
immediate right stating claims reported 
during the fiit year; and additional col- 
umns to the right stating cumulative re- 
ported claims several years into the ‘lag- 
ing” of a particular account. So arranged, 
the data resemble a triangle because cumu- 
lative claims figures are available for sev- 
eral yeara with respect to the oldest ac- 
counts but for one leas year with respect to 
accounts beginning in the succeeding year, 
and so on. A hypothetical loss develop 
ment triangle (000’s omitted), prepared in 
1986 and reflecting data through December 
31, 1985, might appear as follows: 

Fig. 1 

Account Year 1 2 3 4 5 

1981 7000 7700 9400 9700 
1982 

E Et 
7100 

;E 

1983 8900 
1984 8100 9800 
1985 7soa 

Loss development triangles simplify the year of an account into cumulative total 
taak of identifying patterns in claim report- claims reported by the next year to obtain 
ing by clar@ing numerical trends. For loss development ratios. Baaed on the 
example, in the hypothetical one can divide hypothetical triangles, such ratios would 
cumulative total reported cIaima in one appear as follows: 
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Fig. 2 
1 2 3 4 

Account Year 2 3 4 5 

1981 1.100 1.221 1.021 1.010 
1982 1.280 1.109 1.085 
1983 1.125 1.099 
1984 1.210 
1985 

Averaged ratios serve as a means of pre 
dieting future losses. 

Similarly, given reported losses in Fig. 1 
during the first year of 1981 accounts of $7 
million and reported losses at the end of 
five years of $9.7 million, one might con- 
clude, applying the incurred loss develop 
ment method, that for every $7 million in 
first-year reported losses, $2.7 million 
should be set aside as IBNR reserves to 
cover losses anticipated during the subse 
quent four years. Or, for purposes of the 
B-F Method, one might estimate from 
Figs. 1 and 2 that a particular percentage 
of total losses will be incurred within a 
given number of years. All of the calcula- 
tions described along with others may also 
be used to arrive at the percentage(s) to be 
used under the loss ratio method. 

Judgments must inevitably be made in 
the use of these calculations. For example, 
if loss development ratios regularly rise 
from one year to the next, an average of 
those ratios would probably understate fu- 
ture losses. Selection of a development 
factor based on the latest ratio and the rate 
of annual increase rather than the average 
would seem more reliable. 

It must be emphasized that no actuarial 
method is so accurate that it eliminates 
conjecture in the calculation of IBNR liabil- 
ities. Even case reserve decisions involv- 
ing reported claims entail uncertainty as to 
the amount of final loss. IBNR reserves, 
however, are far more conjectural because 
they must be calculated without knowing 
even the number of claims. Overly con- 
servative loss estimates are no answer. 
Overestimated reserves are harmful be- 
cause reinsurance premiums are competi- 

tive and a competitive return on investment 
is necessary to attract investors. Methods 
that cause substantial excess reserves to 
be set aside may cause losses to a reinsurer 
for lack of underwriting or investment. 

Finally, in the reinsurance industry histo- 
ry may be an imperfect guide to the future, 
particularly with regard to casualty risks. 
The incidence of claims may change, the 
costs of defense may increase, and inflation 
may lead to unexpectedly high losses per 
claim. Even the conservative B-F Method 
relies on assumptions as to future events 
and conditions, that, if wrong, will lead to 
substantial errors in the final estimate. 

Gonsequently, regardless of the actuarial 
method used, the preparation of, and re- 
liance upon a net worth calculation in a 
balance sheet for a casualty risk reinsurer 
is based in large part upon informed guess- 
work. One cannot, therefore, expect equiv- 
alent certainty in a balance sheet’s state- 
ment of loss reserves and its statement of 
more determinable items, such as outstand- 
ing principal and interest on debt instru- 
ments. It is for that reason that GUI’ 
neither specifies a precise method of esti- 
mating loss reserves nor even requires that 
an actuary prepare or review loss reserve 
estimates. Although thii opinion entails 
extensive discussion of loss development 
triangles, GAAF’ does not require that they 
be used in determining appropriate loss 
reserves. 

This extended discussion of loss reserves 
and the reinsurance industry is in part only 
a prelude to an explanation of a final detail 
regarding loss development triangles cen- 
tral to the instant dispute. Because such 
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triangles are designed to assist in estimat- To illMrate, if, by some chance, claims 
ing the amount of unreported claims as of amounts in Fig. 1 were based on the date 
specific dates, the triangles must accurate- of the report of claims to ceding companies 
ly incorporate the lag in the reporting of or brokers-e.g., some claims reported to 
claims to reinsurers if unreported claims the reinsurer in 1982 would be listed under 
are to be estimated reliably. Underwriting 1981, when the ceding company or broker 
claims should thus be tallied in the year in learned of them, and so on through each 
which the reinsurer actually learns of the year-the numbers listed in Fig. 1 might 
claims. appear as follows: 

Fig. S 

Account Year 1 2 3 

1981 7300 8700 9500 
1982 5800 6800 7500 
1983 7800 8500 8900 
1984 9100 9800 
1985 7900 

4 5 

9675 9700 
7700 

Fig. 2, involving loss development ratios 
based on Fig. l., would then appear as 
follows: 

Fis 4 

2 
Account Year : 3 

4 
5 

1981 1.192 1.092 1.018 1.003 
1982 1.172 1.103 1.027 
1983 1.090 1.047 
1984 1.077 
1985 

It is readily apparent from a comparison of 
Figs. 1 and 2 with Figs. 3 and 4 that use of 
the date on which a claim is repor@d to a 
ceding company or broker rather than the 
date on which it is reported to the reinsurer 
will understate the historic lag in reporting 
to the reinsurer and will, if not compensat- 
ed for, cause an underestimation of future 
unrepated claims. 

A final word is necessary on the detec- 
tion of the use in loss development trian- 
gles of dates of claims reports to ceding 
companies or brokers instead of dates of 
reports to reinsurers. An actuary using 
Fig. 3 on the assumption that the cumula- 
tive losses listed for each account year 

were based on dates of reports to reinsur- 
ers would be unable to detect an error in 
that assumption simply by analyzing Fig. 3. 
However, if a new triangle including data 
for 1986 were constructed, the error would 
become apparent. Most of the loss 
amounts for the latest year in Fig. 3 would 
be increased as some of the claims reported 
to the reinsurer in 1986 would be allocated 
to 1985, the year in which those claims 
were reported ta the ceding company or 
broker. (This assumes that the date of 
report to the reinsurer is never more than a 
calendar year later than the date of the 
report to the ceding company or broker.) 
The new triangle might appear thusly: 
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Fig. 5 

Account Year I 5 1981 7300 940 96475 9715 9,620 
1982 5800 6860 7.500 7825 7950 
1983 7800 8500 9100 9206 
1984 9100 10150 10406 
1985 9000 10000 
1986 8100 

Because conventional loss development tri- 
angles use final year-end (or other complet- 
ed time periods) reported-claims figures, 
the difference between the emphasized 
numbers in Fig. 5 and the corresponding 
figures in Fig. 3 would alert an actuary to 
a problem. Finally, we no& that while the 
only numbers changing in Figs. 3 and 5 
might be for claims reported in the year 
198~note that this is not the date 1985 in 
the left-hand column, which reflects the 
date of the beginning of an account, but 
rather the aging year at the top that is 
1985 for the particular account-the 
skewed historic lag period would be built in 
for all prior years. For example, if yet a 
new triangle were constructed with 1987 
figures and the parenthesized assumption 
held true, the numbers that are emphasized 
in Fig. 5 would be stable, but the numbers 
in the succeeding year would now change. 
Nevertheless, the figures for each account 
year would contain losses that had been 
reported in a later year. 
2. Elkhorn’s Reinsurance Activities 

In 1972, when Elkhorn, which was li- 
censed in Kentucky and New York, began 
to broaden its business by reinsuring third- 
party risks, Robert Norton became its pres- 
ident. Norton joined Distillers as an ac- 
countant in 1946. He became an executive 
in 1949 and a corporate officer in 1963. 
Norton had no actuarial training or mana- 
gerial experience in the reinsurance indus- 
try. 

Elkhom’s third-party underwriting con- 
tinued to expand until, by 1983, outside 
business represented the largest portion of 
Elkhom’s activities. A substantial portion 
of Elkhorn’s outside or “assumed” busi- 
ness consisted of reinsuring casualty and 

ocean marine risks with long delays or 
“tails” in the reporting of losses. As a 
result, assessments of Elkhom’s net worth 
substantially depended upon projections of 
future claims liability. To calculate IBNR 
reserves, Elkhom used the loss ratio meth- 
od. It recorded sixty-five percent of 
earned premiums as IBNR reserves unless 
a ceding company recommended another 
IBNR reserve level with regard to a partic- 
ular treaty, in which event Elkhorn fol- 
lowed the ceding company’s recommenda- 
tion. The loss ratio method-specifically, 
the sixty-five percent formula with a later 
modification by which incurred losses were 
retained in loss reserves-remained Elk- 
horn’s method for determining IBNR re 
serves until its acquisition by Delta. 

As early as 1981, however, Norton and 
other Elkhom executives became con- 
cerned over the accuracy of their loss re 
serve estimates. In October 1981, Norton 
asked an outside actuarial fii, Tillinghast, 
Nelson & Warren (“Tillinghast”), to study 
Elkhom’s loss reserves and to recommend 
a more sophisticated actuarial method. As 
part of Tillinghast’s written project outline, 
Greg Leonard, a Tillinghast actuary, pro 
posed that Tillinghast recommend an actu- 
arial method and calculate an appropriate 
level of loss reserves. After reviewing 
Leonard’s proposal, Norton and Ramsey 
Joslin, Elkhorn’s chief financial officer, in- 
structed Leonard to proceed with the study 
and recommendation but not to calculate a 
suggested level of loss reserves. 

In February 1982, Tillinghast completed 
its study and delivered three bound sets of 
a two-volume report (“February Report”) 
to Norton. Norton gave one copy of the 
Report to Elkhom’s controller, James 
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McGurty. Norton testified that he gave 
another copy to the company’s chief under- 
writer, Terry Brewer, but at trial Brewer 
could not recall whether he actually re- 
ceived a copy. Norton kept the third set 
for his own use, placing it in the credenza 
in his office. McGurty kept the Report in 
his files. 

The February Report did not explicitly 
state that Elkhom’s loss reserves were de- 
ficient. However, its discussion and explo- 
ration of methodologies did suggest prob- 
lems with Elkhorn’s IBNR reserve esti- 
mates. Addressing the merits of various 
actuarial methodologies, the February Re 
port: (i) observed that the incurred loss 
development method “can lead to erratic 
and unreliable projections” because “a 
small swing in early reporting results in a 
very large swing in ultimate projections”; 
(ii) cautioned that the loss ratio method, 
with which Elkhom was calculating its loss 
reserves, “has the advantage of stability, 
but . . ignores actual results as they 
emerge”; and (iii) recommended that in the 
future Elkhorn determine its IBNR re- 
serves by the B-F Method, which it de- 
scribed in detail. 

Norton testified that he never completed 
the calculations demonstrating a $10 mil- 
lion deficiency in IBNR reserves because 
that calculation would have become obso- 
lete as soon as treaty-category data became 
available upon Elkhom’s planned conver- 
sion to computerized bookkeeping. How- 
ever, based on McGurty’s testimony that 
Norton had stated that the February Re 
port estimated a $10 million deficiency, the 
district court disbelieved Norton’s denial of 
such a calculation, a finding that is not 
clearly erroneous. 

Among various appendices to the report 
were detailed worksheets from which Elk- 
horn’s IBNR reserves could be calculated 
according to the B-F Method. These calcu- 
lations were not completed. The work- 
sheets were based on loss development tri- 
angles prepared manually from Elkhorn’s 
accounting records by Tillingbast. There 
was evidence at trial that, if the calcula- 
tions had been completed, they would have 
disclosed an IBNR loss reserve deficiency 
of approximately $10 million. The Febru- 
ary Report also noted that, when data 
based on treaty categories became avail- 
able through computerized bookkeeping, a 
refined B-F analysis based on such data 
would be even more informative than the 
use of the worksheets in the appendices. 
As an interim measure, while Elkhom 
would be computerizing its bookkeeping, 
Tillinghast recommended increasing Elk- 
1. Squabbling over the proper characterization 

of the February Report has marked this lit@ 
tion. The Report’s text discusses nothing but 
methodology. The appended worksheets, how. 
ever. which indicate how to test Elkhorn’s loss 
rexrvcs under the B-F Method, would justify 

Norton requested that Tillinghast pre 
pare another report on three cancelled rein- 
surance treaties (collectively, the “Barrett 
Treaties”) that had not been included in the 
February Report. In April 1982, Tillin- 
ghast delivered this second report (“April 
Report”), which, unlike the earlier one, in- 
cluded all requisite calculations and explic- 
itly stated that Elkhom faced IBNR losses 
on the Barrett treaties of approximately 
$13.2 million. Elkhom at that time was 
carrying on its books IBNR reserves of 
only $2.3 million for these treaties. The 
total deficiency in IBNR reserves estimat- 
ed by completing the worksheets appended 
to the February Report and by the April 
Report was thus about $20 million. After 
consulting with Brewer about We deficien- 
cy revealed by the April Report, Norton 
purchased a $10 million loss transfer @icy 
from the Continental Insurance Company 
(the “Continental Agreement”) to cover the 
Barrett Treaties in exchange for a $5 mil- 
lion premium. 

The seeds from which the present dis- 
pute germinated were planted in late 1982 
when the computerization of Elkhom’s 
bookkeeping was completed. This compu- 
terization was based on software called 
STREAM which Elkhom purchased from 
another reinsurer. (The computer was in 
Kentucky and used for Distillers’ other 

the district court’s characterization of the Re- 
port as “more than a methodology study.” WC 
will not enter this unproductive squabble but let 
the contents of the Report. as described in the 
opinion, speak for themselves. 
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businesses, Elkhorn being too small to 
have its own system). STREAM allowed 
treatycategory analysis as recommended 
by the February Report, and Norton gener- 
ated treaty-category data from STREAM 
to construct loss development triangles as 
of December 31, 1982. Using these trian- 
gles, Norton estimated a deficiency far bc- 
low $10 million. Although there is no evi- 
dence or district court finding that Norton 
realized it at the time, the triangles were, 
as he testified at trial, “all wrong.” 

The problem with Norton’s triangles lay 
in STREAM. Whatever merits STREAM 
might have had as a system for maintain- 
ing and retrieving records or for analyzing 
data for other purposes, it had a serious 
deficiency so far as the construction of loss 
development triangles was concerned. 
Dates of the reports of claims to Elkhom 
were in a STREAM file but were not sepa- 
rately retrievable. Dates of reports of 
claims to ceding companies or brokers were 
separately retrievable as report dates. The 
only report date retrievable by STREAM 
was thus not the date of a report of a claim 
to Elkhorn, “book date,” but rather the 
date of a report of a claim to the ceding 
companies or brokers, in the lexicon of this 
litigation, “account date.” STREAM date 
thus produced triangles like Fig. 3, supra, 
instead of like Fig. 1. 

John Cascio, Elkhom’s assistant control- 
ler, understood that STREAM reported 
claims reports as of account dates but did 
not discuss this issue with Norton. Cascio 
had no knowledge of the effect such data 
had on loss development triangles. For 
Norton’s part, he may have known (Norton 
denied knowing, Cascio “assumed” Norton 
knew) that account-date data was being 
used but, if he did, there is no evidence that 
he knew that it would impair the predictive 
value of the triangles. 

3. Delta’s Acquisition of Elkhorn 

At the time of Delta’s acquisition of Elk- 
horn, the reinsurance industry had been 
suffering a protracted slump attributable 
to excess underwriting capacity and wide- 
spread inflation. Many reinsurance compa- 
nies, especially followers unable to dictate 

terms and premiums, were battered by 

stiff price competition and underwriting 
losses. Elkhom was no exception. From 
1979 to 1982, the company suffered a series 
of underwriting losses, posting modest 
overall profits only because investment in- 
come exceeded those losses. Consequent- 
ly, by 1980, Norton and other senior execu- 
tives at Distillers began to believe that 
Elkhom’s business was, aa the district 
court put it, “going sour.” 

In April 1983, Distillers discontinued all 
new third-party underwriting and began to 
explore ways of liquidating or selling its 
reinsurance business. Early that month, 
Norton contacted Arthur Deters of Ameri- 
can Risk Management, Inc. (“ARM”), the 
entity then responsible for Delta’s day-to- 
day management and later responsible for 
managing Delta’s operating subsidiaries. 
At a meeting with Deters on April 6,1983, 
Norton and Joslin disclosed Distillers’ deci- 
sion to discontinue Elkhorn’s third-party 
underwriting and asked if ARM could as- 
sist Elkhom in one of three ways-(l) maJ1- 
aging an orderly wind-down (or “run off”) 
of Elkhom’s reinsurance treaties, (2) mak- 
ing private and discreet inquiries about 
possible buyers for Elkhom, or (3) propos- 
ing to Delta that it purchase Elkhom’s 
third-party reinsurance business. 

. 
h 

ARM chose to pursue the third option, 
and in early May representatives of ARM 
and Distillers met in New York where they 
agreed to explore the possibility of selling 
Elkhom to Delm for the book value price 
of $18 million. In June, senior underwrit- 
ers from ARM, Lawrence Bell and Bryan 
Murphy, and an actuary from Peat Mar- 
wick, Alan Kaufman, visited Elkhom’s of- 
fices on Delta’s behalf, interviewed the Elk- 
horn staff and reviewed various underwrit- 
ing records. They were told about Elk- 
horn’s problems with the Barrett Treaties 
and about the $10 million Continental 
Agreement. Norton showed hi December 
31, 1982 loss development triangles, baaed 
on STREAM da&, to Kaufman and indi- 
cated that Tillinghast had educated him as 
to the B-F Method. Norton did not reveal 
the existence of either Tillinghast Report 
but rather stated that he had learned the 
B-F Method without having to pay for a 
study. 
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Bell reported to-Delta that Elkhorn was 
rather disorganized, that errors were found 
in computerized data regarding two ran- 
domly selected treaties, and that “a thor- 
ough audit . . . on all major accounts” was 
necessary. His report concluded with the 
statement that “a thorough IBNR review 
must be made.” Kaufman reported to 
ARM that he disagreed with the method- 
ology by which Elkhorn was estimating 
loss reserves and concluded that, on a brief 
review of methodology and subject to sev- 
eral “unknowns,” those reserves were defi- 
cient by some $5 million. 

name an actuary to participate in the loss 
reserves examination, but Distillers stated 
that it was satisfied with Conning. 

After further meetings, on July 19 Dis- 
tillers and Delta reached an agreement in 
principle to sell the capital stock of Elkhorn 
for the book value price of $18 miliion. At 
the time, the book value shown on Elk- 
horn’s June 30, 1983 balance sheet was 
$26,472,000-a figure that included both 
Elkhorn’s third-party reinsurance business, 
which Delta wished to buy, and its captive 
business, which Distillers intended to re- 
min. Consequently, the parties agreed 
that Distillers would prepare a June 30 
balance sheet segregating third-party and 
captive business specifically for the merg- 
er. These terms and conditions were incor- 
porated in a letter of intent dated July 25, 
1983. 

For Delta, the two most important as- 
pects of, Elkhorn’s financial health were the 
value of its bond portfolio and the adequa- 
cy of its loss reserves. Kaufman testified 
that, like most companies of comparable 
size, Elkhorn did not have an actuary. 
John Ryan, an ARM executive who repre 
sented that firm in the Elkhorn acquisition, 
testified that he also knew that Elkhorn 
lacked actuarial expertise. 

The Stock Purchase Agreement con- 
tained numerous protective warranties by 
Distillers, discussed in greater detail in&z. 
In Section 4 of the Agreement, Distillers 
agreed to give Delta’s actuarial and audit 
ing representatives “reasonable access” to 
its books and records. In Section 5(f), Dis- 
tillers warranted the completeness of its 
books and records, the fact that they had 
been maintained in accord with accepted 
insurance practices, and their accurate re- 
flection of Elkhom’s financial status. In 
Section 5(g), Distillers warranted that the 
June 30, 1983 baiance sheet was main- 
tained in accord with GAAP and fairly 
presented Elkhom’s financial position. 
Elkhom further guaranteed in Section 8(g) 
that all tax liabilities had been provided for 
and guaranteed that the market value of 
its bond portfolio would be no more than 
$1,635$00 below its book value as of Au- 
gust 31, 1983. Finally, in Section 12 it was 
also agreed that, within roughly two weeks 
after the acquisition, Delta would prepare a 
balance sheet for September 30, 1983, and 
Distillers would reimburse Delta for any 
difference between the net worth as shown 
on that balance sheet and $18 million. Any 
dispute over the balance sheet was subject 
to a binding decision by Peat Marwick. 

As a result, Delta’s acquisition was con- 
ditioned on receiving an opinion from an 
outside actuarial firm, Conning & Go. 
(“Conning”), as to the adequacy of Elk- 
horn’s loss reserves, and an opinion from 
an outside accounting fii, Peat Marwick, 
Mitchell & Co. (“Peat Marwick”), as to the 
accuracy of Elkhom’s June 30, 1983 bal- 
ance sheet, including of course Peat Mar- 
wick’s view of the adequacy of loss re- 
serves. Delta offered to allow Distillers to 

Delta’s representatives thereafter exam- 
ined Elkhom’s books and records and Nor- 
ton explained the business and actuarial 
practices of his company to Delta’s repre- 
sentatives. In an August meeting with 
Ryan of ARM, Robert Brian, the actuary 
heading up Conning’s study, and Gary Ran- 
som, also of Conning, Norton explained 
that Elkhom had been calculating its loss 
reserves either by applying the flat sixty- 
five percent loss ratio or by following the 
recommendation of a ceding company. In 
that conversation, he mentioned that he 
had tested Elkborn’s loss reserves by ap 
plying the B-F Method which, he said, he 
had learned from Tillingha& According to 
Ryan, Norton said he obtained thii instru~- 
tion without having to pay for it and never 
mentioned the existence of either Tillin- 
ghast Report, although he was asked 
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whether Elkhom had had actuarial studies 
done. It is agreed that, at no time prior to 
the acquisition, were the Tillhighast Re- 
ports physically given to representatives of 
Delta. 

On August 26, 1983, Conning delivered a 
written report to ARM concluding that Elk- 
horn had a loss reserve surplus of approxi- 
mately $7.5 million as of December 31, 
1982. Shortly thereafter, Conning revised 
its estimate and opined that Elkhom’s re- 
serve surplus was about $1.6 million, add- 
ing the caveat that actual losses “may vary 
significantly from our estimates since un- 
derlying data is quite variable and difficult 
to project.” Conning appears to have been 
using loss development triangles based on 
STREAM, and thus on account-date data. 

During the same period in which Conning 
was preparing its assessment of Elkhom’s 
loss reserves, Peat Marwick’s auditors 
spent some 32’7 hours examining Elkhom’s 
books and records. In the course of this 
effort, loss development triangles based on 
claims up to June 30, 1983 were developed 
from STREAM data. In mid-September, 
Amy Factor, a Peat Marwick actuary, no- 
ticed that some amounts of reported claims 
on the December 31, 1982 loss development 
triangles differed from the amounts of re- 
ported claims for the same time periods on 
the June 30, 1983 triangles, differences 
similar to the changes illustrated in Figs. 3 
and 5, supro. Of course, the very fact of 
changes in amounts of reported claims for 
closed time periods revealed a problem, as 
described supra in connection with Figs. 3 
and 5. 

When Factor asked Norton why loss 
amounts for closed time periods were 
changing, he had no answer but referred 
her to other Elkhom personnel. They in 
turn explained to Factor that the changes 
occurred because STREAM retrieved ac- 
count rather than book dates for reported 
claims data. Factor informed either Kauf- 
man or David Wasserman, another Peat 
Marwick actuary, of her discovery. At 
their instructions, she attempted to contact 
Conning but apparently never got through. 
Kaufman testified that he left a message 
at Conning for Brian detailing the facts 

concerning STREAM’s use of account rath- 
er than book dates. Brian denied ever 
learning of this fact before Delta’s acquisi- 
tion of Elkhom. Kaufman also testified 
that he informed Ryan of ARM about the 
Elkhom triangles being based on account- 
date data. Ryan denied ever learning of 
this problem before the acquisition of Elk- 
horn. 

In the glow of hindsight, the parties 
agree that calculating loss development tri- 
angles based on account-date data will, if 
not compensated for, result in a serious 
understatement of IBNR reserves. One of 
Distillers’ own experts testified that proper 
corrections for the account-date distortion 
caused by Elkhom’s computer program 
might have revealed a loss reserve deficien- 
cy of as much as $108 million as of the date 
that Elkhom’s books represented a net 
worth of $18 million. The account-date dis- 
tortion was, therefore, indisputably signifi- 
cant. 

. 

However, no substantial corrective action 
was taken as a result of Factor’s discovery. 
Other than increasing loss reserves for the 
year 1982, Peat Manvick took no steps in 
response to the problem. (Brian of Con- 
ning and Ryan of ARM denied ever leam- 
ing of it.) The failure of Conning to revise 
its prior reported opinion or to react to his 
phone message appears not to have trou- 
bled Kaufman. Kaufman did not perceive, 
or take steps to learn of, the peril in rely- 
ing upon account-date data. There is no 
evidence of any effort to determine how 
the accountdate data might be compensat- 
ed for. No inquiry appears to have been 
made at the time of the possibility of alter- 
ing STREAM to use book-date data. More- 
over, STREAM output was based on raw 
data in Elkhom’s files and manual retrieval 
of book dates was obviously possible, as 
Tillinghast had done before Elkhom com- 
puterized its bookkeeping in late 1982. 
However, Kaufman never sought, or even 
inquired about, manual assembly of book- 
date data. As noted above, had that data 
been obtained and incorporated into the 
loss development triangles, Elkhom’s insol- 
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vency would have been revealed.* Nor, 
apparently, was consideration given to de 
laying the acquisition until book-date data 
was acquired. 

One reason for the casual reaction to 
Factor’s discovery appears to have been 
Kaufman’s belief that the account-date 
problem affected only the loss amounts for 
the year 1982. He thus compensated for a 
possible underestimation of loss reserves 
only for that year. According to Kauf- 
man’s testimony, he and Wasserman con- 
ferred and “agreed that the loss ratios 
looked reasonable except for 1982 and the 
1982 loss ratio out of the data did not look 
reasonable and we had adjusted it so we 
thought we had a reasonable conclusion.” 
(This testimony speaks volumes about the 
degree of guesswork that goes into esti- 
mates of loss reserves). Of course, the 
account-date problem affected every year, 
as the discussion in connection with Figs. 
3-5 explains. AIthough the issue does not 
affect our ruling, it is possible that 
Factor’s discovery may have been based on 
numbers changing only in the year 1982. 
(The illustrations in her testimony con- 
cerned that year.) Kaufman may thus 
have assumed that claims reports for only 
that year were affected, missing the facts 
that account dates were built into prior 
years and reporting lags were thus under- 
stated throughout. 

(A memorandum by Factor states that 
Wasserman believed that use of account 
dates was “not a problem” and could be 
compensated for.) There is thus no compe- 
tent evidence, nor did the district court 
find, that Norton or anyone else at Elkhorn 
misrepresented the nature or implications 
of the account-date data from STREAM on 
which the loss development triangles were 
based 

Kaufman testified that his belief that the 
account-date problem was limited to 1982 
was based upon Factor or Wasserman hav- 
ing been so informed by Norton. This 
hearsay testimony-seemingly at odds with 
an auditor’s responsibilities to carry out an 
independent investigation-was objected to 
and properly admitted solely to explain 
Kaufman’s actions and not for its truth. 
Factor did not substantiate Kaufman’s sto- 
ry and testified that Norton indicated that 
he did not understand the problem and 
referred her to Elkhom personnel who ac- 
curately informed her as to what data was 
being used. Wasserman did not testify. 

Thereafter, Peat Marwick certified Elk- 
horn’s’ loss reserves. It concluded that 
Conning’s estimates were somewhat opti- 
mistic and that Elkhom would face an 
IBNR loss reserve shortfall of $3.5 million. 
In addition, Peat Marwick decided to adjust 
Elkhom’s bookkeeping on the Continental 
Agreement, thereby adding another $5 mil- 
lion deficiency to the $3.5 million IBNR 
deficiency. Based on these estimates, Peat 
Marwick advised ARM that it could not 
certify Elkhom as fully reserzd unless 
future liabilities were discounted to reflect 
the earning potential of Elkhorn’s invested 
assets, a less conservative approach that, 
although arguably permissible under 
GAAP, had not been used by Elkhom in 
the past Only after Delta had agreed to 
discount future liabilities on the June 30, 
1983 segregated balance sheet did Peat 
Marwick certify Elkhom’s reserves adding 
an explicit caveat that “[i]nsurers who es- 
tablish claim reserves by applying selected 
loss ratios to earned premium (such as Elk- 
horn) often understate IBNR due to 
management’s optimism in making loss ra- 
tio selections.” 

On September 30, 1983, Delta’s acquisi- 
tion of Elkhorn closed in Hamilton, Bermu- 
da. Norton remained as president of the 
renamed entity, Delta Re; McGurty re- 
mained as controller. During the post-ac- 
quisition period, Peat Marwick reviewed 
the September 30 balance sheet pursuant 
to Section 12 of the Stock Purchase Agree- 
ment. Peat Marwick concluded that the 
balance sheet was in accord with GAAP 
and stated that it was unaware of any 

2. This statement must be qualified by the obxr- 
vation that a canclusion of insolvency would 
have been premised upon the loss development 
triangles being an accurate predictor of the fu- 
ture. Had the actual claims experience in Ihe 

that predicted by the t&glcs, insolvency might 
not have resulted. With hindsight, however, we 
can say that properly prepared triangles would 
have led to an accurate prediction. 
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appropriate modifications. Delta therefore 
did not request reimbursement on the 
ground that Elkhorn’s net worth was less 
than $18 million on that date. 

Although the inadequacy of account-date 
data was recognized by Delta and a project 
was undertaken to convert Delta Re’s com- 
puterized bookkeeping to use of book 
dates, there was little urgency about the 
matter, and Delta Re continued to rely 
upon account-date data until the latter part 
of 1984, as Delta’s own computers were 
gradually put into use. In fact, there is 
little evidence of any interest on the part of 
Delta’s top management in the account- 
date problem until May 1984, when it was 
explored by Delta’s advisory committee pri- 
or to a board of directors meeting. Even 
at this point, however, no one at Delta 
seems to have appreciated the full signifi- 
cance of the continued use of account-date 
data. In this period of time, Brian of Con- 
ning made further estimates of loss re 
serves based on loss development triangles 
containing STREAM data. Just as Kauf- 
man thought that only the year 1982 was 
affected in Factor’s triangles, Brian took 
corrective measures on his 1984 triangles 
only for the year 1983. 

Meanwhile, Delta Re’s fortunes declined 
further, as did those of the reinsurance 
industry generally, as a result of underesti- 
mated loss reserves. In July 1984, special 
examiners from the Kentucky Insurance 
Department began an investigation into 
Delta Re’s financial condition, eventually 
concluding that the company’s loss re- 
serves had been deficient by some $38 mil- 
lion at the end of 1982. During the course 
of that investigation, state examiners told 
Norton that they planned to ask Tillinghast 
to perform a more detailed loss reserve 
analysis. Norton made no mention to any- 
one at Delta Re that Tillinghaat had done 
work for Elkhorn in 1982. 

On September 14, 1984, Norton resigned. 
John Ryan succeeded Norton as president, 
and, two months later, found the February 
Report in the credenza behind Norton’s for- 
mer desk. In early January 1985, Delta Re 
discovered the April Report elsewhere in 
Elkhom’s records. 

On May 29, 1985, the State of Kentucky 
seized Delta Re’s assets and commenced 
liquidation proceedings. According to 
state examiners, the company had been in- 
solvent since the end of 1982. By the time 
that the company was seized, Delta had 
contributed some $6.3 million to its acquisi- 
tion above and beyond the $18 million pur- 
chase price paid to Distillers. 

4. The Proceedings in the District Court 

On May 3, 1985, Delta commenced the 
instant litigation. The complaint alleged 
breach of various warranties contained in 
Sections 5 and 12 of the Stock Purchase 
Agreement (“SPA”) (Count I); common law 
fraud and deceit (Count II); violations of 
Section 12(2) of the Securities Act, 15 
U.S.C. 5 771 (Count III); violations of Sec- 
tion 10(b) of the Securities Exchange Act, 
15 U.S.C. Q ‘78j, and Rule lob-5 promul- 
gated thereunder, 1’7 C.F.R. 4 240.1Ob-5 
(Count Iv); a pattern of racketeering un- 
der the Racketeer Influenced and Corrupt 
Organizations Act (“RICO”), in violation of 
18 U.S.C. 5 1962(c) (Count V); violations of 
the New York General Business Law 
(Count VI); and negligent misrepresenta- 
tion (Count VII). 

On April 8,1988, the district court grant- 
ed summary judgment in favor of Distillers 
on Delta’s claim for breach of Section 12 of 
the SPA. Observing that Section 12% net 
worth guarantee, see Note 4 +@a, was 
accompanied by a host of procedures and 
remedies, including “final and conclusive 
and binding” arbitration before Peat Mar- 
wick. Judge Keenan held that Section 12 
created no independent cause of action for 
breach of warranty beyond the procedures 
enumerated in the provision itself. The 
district court also granted summary judg- 
ment in Distillers’ favor on Delta’s racke- 
teering claim, concluding that the misrepre- 
sentations, if any, were made in connection 
with a single acquisition and were insuffi- 
cient to constitute the requisite pattern of 
“racketeering” acts under RICO. 

The district court denied Distillers’ mo- 
tion for summary judgment on Delta’s re- 
maining claims, explaining that “[a]lthough 
Delta Holdings [through its agents, Peat 
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Marwick and Conning] knew that Elkhom 
used an account date basis to formulate its 
loss reserves, Delta Holdings was unaware 
of certain facts that could have altered its 
view of Rlkhom as an acquisition.” 
Among these, suggested the court, were 
the “depth of Norton’s knowledge” of the 
account-date problem and its effect on loss 
data from older account years; “whether 
Norton produced truly representative [bra- 
ker] statements [from earlier account 
years], or whether certain statements were 
chosen in an effort to mollify [Peat Mar- 
wick’s account-date] concerns”; and the cir- 
cumstances surrounding “the nondisclo- 
sure of the Tillinghast documents.” The 
district court also rejected Distillers’ stat- 
u&of-limitations defense to Delta’s claim 
under Section 12(2) of the Securities Act, 
reasoning that, under the adverse interest 
exception to the law of agency, Norton’s 
knowledge may not have been attributable 
to Delta and that material questions of fact 
existed as to Delta’s own knowledge. 

ted common law fraud, breached Elkborn’s 
promise to give Delta access to Elkhom’s 
books and records, and breached its war- 
ranties of accuracy as to the June ‘30, 1983 
and September 30,1983 balance sheets. To 
restore Delta to its pm-purchase position, 
Judge Keenan rescinded the acquisition 
and awarded prejudgment interest on the 
purchase price running from September 30, 
1983. Moreover, because Delta’s post-pur- 
chase capital contribution reasonably could 
have been anticipated at the time of the 
acquisition, and because Kentucky’s sei- 
zure of the company had resulted in the 
complete loss of that $6.3 million contribu- 
tion, the court awarded damages in the full 
amount of Delta’s capital contribution and 
interest from May 29, 1986, the date Ken- 
tucky seized Delta Re’s assets. This ap- 
peal followed. 

DISCUSSION 

Following a bench trial, the district court 
ruled in Delta’s favor, based on (i) Norton‘s 
failure to disclose the Tillinghast Reports, 
which, in the court’s view, would have dis- 
closed Elkhom’s $20 million loss reserve 
deficiency and insolvency to Delta, and (ii) 
the court’s conclusion that Distillers had 
guaranteed the accuracy of the June 30, 
1983 and. September 30, 1983 balance 
sheets’ estimates of loss reserves. The 
district court found that Elkhorn was insol- 
vent at those times, baaed on the “most 
credible and compelling explanations” giv- 
en by Delta’s expert witnesses of Elkhorn’s 
conditions on those dates. It further found 
that Norton knew of Elkhom’s insolvency. 
This finding was based on Norton’s request 
that Tillinghast not calculate actual loss 
reserve liabilities in the February Report 
and his concealment of both Tillinghast Re 
ports. The court noted that use of account- 
date data rsther than book-date data under- 
stated loss reserve liabilities. However, it 
found no deception in connection with use 
of the STREAM software. 

We briefly summarize our holdings. The 
contents of the Tillinghast Reports were 
either not material in the context of thii 
transaction or were disclosed. The Febru- 
ary Report contained information on the B- 
F Method that was well known to actuar 
ies, including those at Conning and Peat 
Marwick. The projections that might have 
been made from its worksheets were stale 
at the latest by December 1982. Tbe sub 
stance of the April Report, if not its exist- 
ence, was disclosed to ARM and Peat Mar- 
wick at the earliest opportunity. 

We conclude that the district court’s find- 
ing that Norton knew that Elkbom was 
insolvent is clearly erroneous. Disclosure 
and scrutiny of the February Report might 
have alerted an actuary to the accountdate 
problem. However, Peat Marwick knew of 
this problem before the acquisition, and 
Elkhom was under no duty to make an 
independent study of the effect of the use 
of account dates. Finally, we hold that 
Distillers did not guarantee the adequacy 
of Elkhom’s loss reserves estimates. 

The court held that Diitlllera, through its 
agents Norton and Joslin, violated Section 
10(b) of the Securities Exchange Act and 
Section 12(2) of the Securities Act, commit- 

1. The Distn’ct Court’s Cone&ions RE- 
garding the Tillinghe& Reports 

The district court’s finding that Norton 
failed to disclose the February and April 
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1982 Tillinghast Reports to Distillers and 
knew of Elkhom’s insolvency was the basis 
for its conclusion that Delta violated Sec- 
tions 10(b) and 12(2), committed common 
law fraud, and breached the agreement to 
provide access to Elkhom’s books and 
records. The district court believed the 
Tillinghast Reports demonstrated Elk- 
horn’s $20 million loss reserves deficiency 
and insolvency and were concealed for that 
reason. As noted, the district court found 
that neither Delta nor its representatives 
were told of either Tillinghast Report and 
that this nondisclosure was accompanied 
by “affirmative misstatements by Elkhom- 
Distillers representatives to [Delta’s] pea- 
pie.” These misrepresentations concern 
Norton’s statements regarding his learning 
of the B-F Method from Tillinghast. 
Judge Keenan thus placed great weight on 
Kaufman’s recounting of a meeting with 
Norton in which Norton casually joked 
about learning the B-F Method from Tillin- 
ghast “without having a study from them 

[and] without having to pay for it.” 
[ll The district court’s finding that 

Norton knew of Elkhom’s insolvency at the 
time of the acquisition is clearly erroneous. 
This finding was baaed on Norton and Jos- 
lin’s request that Tillinghast not calculate a 
precise loss reserve figure in the February 
Report and Norton’s subsequent conceal- 
ment of both Tillinghast Reports. The 
finding thus dates Norton’s knowledge of 
insolvency as beginning in October 1981, 
when the February Report was commis- 
sioned with a request that a loss reserve 
figure not be calculated, and continuing for 
some two years until the Delta acquisition. 
It is not supported by the record. 

Assuming Norton could “know” of Elk- 
horn’s insolvency in 1981~given the impre 
cision of loss reserve estimates, Norton’s 
basic ignorance of actuarial methodology, 
and the paucity of evidence that Elkhom 
was actually insolvent in October 1981- 
such a finding assumes the existence of a 
highly sophisticated, even fantastic, plot 
that has no evidentiary basis in the record. 

3. The district court’s opinion treated the use of 
account dates as a known alternative to the use 
of book dates. The actuaries testified at trial. 

Such a scheme would have to have begun 
almost a year before there was any discus- 
sion with third parties concerning a sale of 
Elkhom. It also would have to have in- 
volved knowledge of the effect of the use 
of STREAM software data on loss develop 
ment triangles. 

Based on STREAM data, Norton con- 
structed loss development triangles for De 
cember 1982 that showed a relatively negli- 
gible loss reserve deficiency. If Norton 
knew of Elkhom’s insolvency from October 
1981 to September 1983, then he would 
have had to have known of the account- 
date problem and of the magnitude of its 
effect on his December 31, 1982 triangles. 
Such a plot would have had to rely on the 
hope that a proposed purchaser learning of 
the account-date problem would not seek 
book-date data before going on with the 
acquisition. Moreover, to succeed, such a 
scheme would require the cooperation of 
others at Elkhom, at least McGurty and 
Cascio, who would have had to join in the 
fraud on the purchaser, a firm that was 
about to become their employer. There is 
no evidence of such a highly implausible 
scheme. 

The evidence is that STREAM was pur- 
chased by Elkhom in order to computerize 
its bookkeeping. Based on this record, no 
one anywhere knew at the time that 
STREAM would not produce the most reli- 
able data for loss development triangles” 
or, until the events leading to this litiga- 
tion, ever focused on that problem. As a 
general bookkeeping software, STREAM 
had many uses, and there is no evidence 
that Distillers’ purchase of STREAM was 
anything but innocent. The record indi- 
cates that in 1982 reinsurers of Elkhom’s 
size generally had neither computerized 
bookkeeping nor an actuary. There is no 
evidence that Elkhom’s contemplation of a 
conversion to computerized bookkeeping, 
which began before delivery of the Febru- 
ary Report, ever took the construction of 
loss development triangles, a novelty at 
Elkhom, into account. No suspicion can 

however, that they had never before encoun- 
tered the use of account dates in 10s.~ develop 
ment triangles. 
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thus attach to the acquisition of book- 
keeping software that was not well-de- 
signed for preparing loss development tri- 
angles. 

The district court did not, of course, find 
that any such plot existed. Nevertheless, 
absent such a scheme, Norton cannot be 
found even to have suspected Elkhorn’s 
insolvency after he constructed the Decem- 
ber 31, 1982 triangles. We therefore con- 
clude that the finding as to his knowledge 
of insolvency at the time of the acquisition 
is clearly erroneous. 

district court did not discuss the undisputed 
evidence concerning McGurty’s copy.) 
Brewer may also have received a copy, 
although the record is unclear. Finally, 
Norton neither destroyed nor took the Feb- 
ruary Report with him when he left. Rath- 
er, he left it where it would inevitably be 
found by Delta personnel. Norton may not 
have disclosed the existence of the Tillin- 
ghast Reports, but the record does not 
suggest any strenuous efforts to conceal 
them. 

The fact that Norton did not know that 
Elkhorn was insolvent at the time of Del- 
ta’s acquisition did not, of course, release 
him from a duty to disclose the Tillinghast 
Reports if they contained material infonna- 
tion. Before addressing the materiality of 
the Tillinghast Reports, we note that the 
district court’s findiigs concerning the con- 
cealment of the Tillinghast Reports are not 
clearly erroneous. However, because in- 
ferences regarding materiality may be 
drawn from concealment, we summarize 
the record concerning that concealment. 

With regard to the April Report, it is 
undisputed that Norton informed Bell and 
Kaufman in June 1983 of the loss reserve 
deficiency resulting from the Barrett Trea- 
ties and of his attempt to resolve that 
problem by the purchase of the $10 million 
loss transfer policy from Continental. Al- 
though the existence of the April Report 
was not mentioned, the substance of its 
contents was thus disclosed at the first 
opportunity. 

With regard to the February Report, all 
witnesses seem to agree that Norton indi- 
cated that he had learned of the B-F Meth- 
od from Tillinghast. Kaufman’s testimony 
that Norton indicated he had learned the 
B-F Method without having to pay for a 
study differs only in detail from Norton’s 
story that Jo&n ordered only a method- 
ology study without paying for calculations 
that Elkhorn could do itself. Norton, of 
course, testified that he mentioned both 
Reports to Delta’s representatives. Ran- 
som, a Conning actuary, testified that, at a 
meeting in August 1983, Norton said, in 
Ryan’s presence, that Elkhom had gotten a 
methodology study from Tillinghast. (The 
district court rejected Norton’s testimony 
but did not mention Ransom%.) Also, it is 
undisputed that Nortan gave McGurty a 
copy of the February Report without re- 
striction as to filing or distribution. 
McGurty testified that he kept the Febru- 
ary Report in his files and would have 
shown it to anyone from Delta who asked 
for it before or after the acquisition. (The 

4. We do nor address the materiality of dot. 

We make these observations concerning 
the record only to note the frailty of any 
inference of materiality that might be 
drawn solely from the apparent conceal- 
ment. In truth, apart from light they 
might have shed on the account-date prob- 
lem, the Tillinghast Reports are red her- 
rine. 

121 The applicable legal standard re 
garding the materiality of omitted informa- 
tion is whether “there is a substantial like 
lihood that a reasonable shareholder would 
consider it important” or “a substantial 
likelihood that the disclosure . . would 
have been viewed by the reasonable inves- 
tor as having significantly altered the ‘total 
mix’ of information made available.” T’C 
Inducrtries, Inc. A Northway, Inc., 426 
U.S. 438, 449, 96 S.Ct. 2126, 2132, 48 
L.Ed.2d ‘75’7 (19’76). We note that the appli- 
cation of this standard in the instant mat- 
ter concerns the estimate of Elkhom’s loss 
reserves and the value of the omitted infor- 
mation to Peat Marwick and Conning, 
fiis with actuarial expertise hid to 
make an independent inquiry with regard 
to the adequacy of those loss reserves.’ 

uments such as the Tillin&ast Reporrs in the 
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We conclude that as a matter of law the 
Tillinghast Reports were not material at 
the pertinent times. 

The February Report described the B-F 
Method indetail, recommended its use, and 
appended work papers that would assist in 
applying it to Elkhorn. However, the B-F 
Method was in the public domain, and it is 
undisputed that Conning and Peat Marwick 
were fully aware of it. To the extent the 
February Report described the B-F Method 
and contrasted it with the loss ratio meth- 
od, it would have been no more informative 
to Conning and Peat Marwick than a dis- 
cussion of the differences between cash 
and accrual methods of accounting. 

Moreover, the precise calculations that 
might have been made from the work- 
sheets appended to the February Report 
would not have been of interest sixteen 
months later in June 1983. By the very 
terms of the Report, the February calcula- 
tions would be stale by December 1982. 
First, the February Report explicitly stated 
that treaty-category analysis was superior 
to the treaty-by-treaty analysis employed 
on the appended worksheets. Treaty-cate 
gory analysis was available in late 1982. 
Second, the data available for constructing 
the December 31, 1982 triangles was more 
current by at least a year than the data 
used in the appended worksheets. An ac- 
tuary coming upon the February Report 
would not have bothered to complete the 
appended worksheets but would simply 
have assumed that any relevant data con- 
tained in the appended worksheets would 
either be reflected in the December 31, 
1982 and June 30, 1983 triangles or sup- 
planted by treaty-category data. The fact 
that the later triangles contained account- 
date data merely underlines the fact that 
the account-date problem, not the lack of 
access to the February Report, caused the 
injury to Delta. 

To put the matter another way, if the 
June 30, 1983 loss development triangles 
had been based on book data, no one could 
claim even marginal relevancy for the Feb 
ruary Report. Peat Marwick and Conning 
would have made their respective actuarial 

context of a differently structured transaction 

judgments based on those triangles. If 
their opinions were negative, the acquisi- 
tion would have been halted or proceeded 
at a lower price. If their opinions were 
favorable and thus too optimistic, the ac- 
quisition would have proceeded with the 
resultant loss to Delta. In such circum- 
stances, however, no blame could have at- 
tached to nondisclosure of the February 
Report. The sole relevance of the Febru- 
ary Report is thus in the light it might have 
accidently shed on the accountdate prob 
lem. 

I31 The existence of the April Report 
was similarly immaterial. In applying the 
B-F Method to the Barrett Treaties, the 
Report concluded there was a deficiency of 
$10.9 million in loss reserves with respect 
to those treaties. However, the problem 
with the Barrett Treaties was revealed by 
Norton to Bell of ARM and Kaufman of 
Peat Marwick at their initial meeting in 
June 1983. Norton disclosed the purchase 
of the $10 million loss transfer policy from 
Continental as his attempt to remedy the 
deficiency resulting from the Barrett Trea- 
ties. The fact that a document contained 
the facts concerning the problem with the 
Barrett Treaties was not significant. 

The district court appeared to take the 
view that Norton’s opining as to the ade- 
quacy of the loss transfer policy as a 
means of redressing the deficiency result- 
ing from the Barrett Treaties was a mis- 
representation. Even assuming that Nor- 
ton’s opinion was material in the context of 
independent investigations by professionals 
with more expertise than he possessed, 
Delta was not injured. Peat Marwiek 
deemed the Continental arrangement made 
quate under GAAP and compensated for it 
in certifying the reserves. It can hardly be 
contended, therefore, that material facts 
concerning the April Report were withheld. 

The only significance of the Tillinghast 
Reports would thus have consisted in what- 
ever light they might have shed on the 
accountdate problem. The February Re- 
port might have been significant to an actu- 
ary who completed the appended work- 

or less sophisticated investors. 
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sheets, if the pertinent loss reserves fig- 
ures in the February Report could be com- 
pared with those in Factor’s June 30, 1983 
triangles. Whether these figures could be 
compared is unclear because the work- 
sheets employed treaty-by-treaty analysis 
while Factor’s triangles used tceatycatego- 
ry analysis. If they were comparable-a 
matter not settled on this record-such an 
actuary would have noticed the changing 
numbers-much as the differences between 
Norton’s December 1982 triangles and 
Factor’s June 1983 triangles led her to dis- 
cover the account-date problem. 

Tbe testimony of both Kaufman and 
Mary Hennessey of Towers Perrin indi- 
cated that the materiality of the February 
Report lay in whatever aid it might have 
given in illuminating and overcoming the 
account-date problem. Similarly, at oral 
argument, counsel for Delta conceded, as 
he had to, that the Tillinghast Reports con- 
tained nothing new so far aa the B-F Meth- 
od was concerned but argued that the dis- 
closure would have revealed the account- 
date problem. Others, such as Brian, said 
that actuary reports showing a loss reserve 
deficiency of $20 million would have been 
‘of interest” That testimony, which as- 
sumed that the appended worksheets 
would have been completed, does not alter 
the fact that the only pertinent matter that 
would ultimately have been revealed was 
the accountdate problem. (The section im- 
mediitely following d&cusses the relevance 
of what the February Report would have 
disclosed concerning the use of account 
dates.) 

To reiterate, putting aside the account- 
date issue, the relevant portions of the 
February Report were either in the public 
domain (the B-F Method), stale (1981 trea- 
ty-by-treaty figures), or known to Peat 
Marwick (the Barrett Treaties, Continental 
transaction). Except for what light might 
have been shed on the use of account 
dates, disclosure of these Reports would 
not have changed events. The district 
court’s theory of the materiality of the 
Tillinghast Reports, therefore, cannot be 
sustained, and no liability exists under Sec- 
tion 10(b) of the ‘34 Act or Section 12(2) of 
the ‘33 Act based on that theory. Similar- 
ly, the district court’s view that Distillers’ 
failure to provide the Tillinghast Reports to 
Delta breached Distillers’ warranty in the 
Stock Purchase Agreement to provide “rea- 
sonable access . . to all of Elkhom’s . . . 
work papers, hooks and records , , for 
purposes of review and inspection“ and to 
“furnish (Delta) with all such reasonable 
information concerning Elkhom’s affairs 
as the buyer may request” cannot be sus- 
tained. Because the district court’s theory 
of materiality is erroneous and we do not 
view the warranty as covering immaterial 
information, we hold that, putting aside the 
account-date issue, the warranty was not 
breached. 

2. Distillers’ Liability for the Account- 
Date Problem 

However, the argument that the Tillin- 
ghaat Reports were material because of the 
light they would have shed on the data on 
which the December and June triangles 
were baaed does not sustain the district 
court’s conclusion regarding their material- 
ity. The district court found that the Tillm- 
ghast Reports were material because they 
facially demonstrated Elkhorn’s insolvency, 
not because they would have revealed the 
account-date problem. In fact., the court 
did not find a material misrepresentation or 
omission concerning the accountdate prob 
lem. 

Because of the centrality of the account- 
date problem to this appeal, we will assess 
the legal significance of Elkhom’s entire 
conduct-including but not limited to the 
nondisclosure of the Tillinghast Reports- 
concerning the use of account dates. 

It is undisputed that Peat Marwick knew, 
before certifying Elkhom’s reserves, that 
the Elkhorn loss development triangles 
were based on account rather than book 
dates. Norton tuned over his December 
1982 triangles to ARM and Peat Manvick 
at the first opportunity in June 1983. It 
was Factor’s comparison of the December 
triangles with June 30, 1983 triangles that 
revealed the erroneous nature of the data 
produced by STREAM. After Factor made 
that comparison, no one at Elkhom sought 
to conceal the cause of the observed dis- 
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crepancies. Because the use of account 
dates was disclosed, the only material in- 
formation not revealed concerned the mag- 
nitude of the distortion that use of account 
dates caused in loss development triangles. 
However, no one at Elkhom suggested that 
the magnitude of the error introduced by 
the use of account dates was of large, 
small or any particular dimension. Nor is 
there evidence that anyone at Elkhom 
knew that use of account dates would dis- 
tort loss development triangles, much less 
that they knew the direction or size of that 
distortion. 

With regard to the February Report’s 
relevance to the account-date problem, ex- 
tended scrutiny of the differences between 
its worksheets and the triangles based on 
STREAM data might, if the numbers were 
comparable, have disclosed the magnitude 
of the distortion. However, that can also 
be said with regard to scrutiny of the dif- 
ferences between Norton’s December 31, 
1982 triangles and Factor’s June 30, 1983 
triangles. (The fact that both Norton and 
Factor were using STREAM data would 
not have prevented discovery of the magni- 
tude of the distortion because that magni- 
tude results from the built-in feature of 
account-date data, as discussed in connec- 
tion with Figs. 3 and 5.) Finally, and really 
stretching, the February Report would 
have revealed that book-date data could be 
assembled manually. However, Peat Mar- 
wick knew that STREAM output was based 
on raw data in Elkhom’s files but showed 
no interest in manual retrieval after 
Factor’s discovery of the qccountdate 
problem. The Tillinghast Reports thus 

5. Section 10(b) reads in pertinent part: 
It shall be unlawful for any person. directly 

or indirectly 
(b) To use or employ, in connection with 

the purchase or sale of any security any 
manipulative or deceptive device or contri- 
vance in contravention of such rules and reg- 
ulations as the Commission may prescribe as 
necessary or appropriate in the public interest _ . _. or tor the protection ot mvestors. 

15 USC. § 78j(b) (1988). 
6. Section 12(t) reads in pertinent part: 

Any person who- 
(2) offers or xllr a security by means of 

a prospectus or oral communication, which 
includes an untrue statement of a material 

would have added nothing material to the 
information about the accountdate prob 
lem that Peat Marwick had by September 
1983. 

[4,5] Nevertheless, given the impor- 
tance of the accountdate problem, we ex- 
amine Elkhom’s entire conduct regarding 
that problem in light of relevant legal crite- 
ria. We turn first to the question of 
whether Distillers may be liable under Sec- 
tion 10(b) of the Securities Exchange Act. 
Liability under Section 1O(b)5 requires a 
material misrepresentation and a showing 
of scienter. See Ernst & Ernst v. Hoch- 
felder, 425 U.S. 185, 96 S.Ct. 1375, 47 
L.Ed.Zd 668 (1976). That test has not been 
met. For reasons stated, Elkhom’s person- 
nel were ignorant of the ramifications of 
the account-date problem and of the rele 
Vance of the Tillinghast Reports to that 
problem. 

Liability under Section 12(2) 6, however, 
is more easily established. Again, because 
the only material information not provided 
concerned the magnitude of error caused 
by the account-date problem, the pertinent 
questions are: (i) whether Distillers’ failure 
to take any position on the magnitude of 
error was an omission of a fact necessary 
to make statements that were made not 
misleading, and (ii) whether, if so, Distillers 
carried its burden of showing that in the 
exercise of reasonable care it could not 
estimate the error’s magnitude. We con- 
clude that Distillers prevails as a matter of 
law on both questions. 

fact or omits to state a material fact necessary 
in order to make the statements, in the light 
of the circumstances under which they were 
made, not misleading (the purchaser not 
knowing of such untruth or omission), and 
who shall not sustain the burden of proof that 
he did not know, and in the exerciw of rea- 
sonable care could not have known, of such 
untruth or omission. 
shall be liable to the person purchasing such 
security from him, who may sue either to 
recover the consideration paid for such KCW 
ity with interest thereon. upon the tender of 
such security, or for damages if he no longer 
owns the security. 

1.5 USC. 5 771(2) (1988). 
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I61 Elkhorn personnel did not charac- 
terize the use of account dates as causing a 
distortion of any particular magnitude. 
We see no basis for concluding that this 
was a misleading omission. Elkhorn was 
known to lack actuarial sophistication, the 
very reason why Delta had insisted on fa- 
vorable independent opinions from Conning 
and Peat Marwick as conditions of the ac- 
quisition. The silence of the non-actuaries 
at Elkhorn could not, therefore, have led a 
professional actuary to believe the problem 
was trivial. 

3. The June 80, 1989 Balance Skeet: 
Breach of Wurranty 

f71 Moreover, Elkhom carried its bur- 
den of showing that it did not behave un- 
reasonably in failing to probe the magni- 
tude of the account-date problem when 
Factor inquired as to the reasons for the 
numbers changing in the loss development 
triangles. Delta’s agents, including two 
fiis with actuarial experience and knowl- 
edge far exceeding that of any personnel at 
Elkhom, were conducting an independent 
inquiry into Elkhom’s fmancial status, with 
particular concern for the adequacy of its 
loss reserves. Elkhom personnel had no 
reason to expect that their views would be 
welcome on a matter as to which they were 
far less knowledgeable than either Conning 
or Peat Marwick, and might reasonably 
assume that such questions were for Peat 
Marwick and Conning to resolve, Elkhom 
therefore exercised reasonable care and is 
not liable under Section 12(2). 

In the Stock Purchase Agreement, Dis- 
tillers made two representations pertinent 
to the instant appeal regarding the segre- 
gated balance sheet of June 30, 1983. In 
Section 5(f), Distillers warranted that 

[t]he books and records of Elkhom are 
complete in all material respects and 
have been maintained in accordance with 
good business and accepted insurance 
practices and accurately reflect the fi- 
nancial condition and results of the oper- 
ation of Elkhorn 

In Section 5(g), Distillers represented 
that 

the June 30th Balance Sheet and related 
statement of income are complete and 
accurate in all material respects, were 
prepared in accordance with Generally 
Accepted Accounting Principles 
(“GAAP”), and the June 30th Balance 
Sheet presents fairly the financial posi- 
tion of Elkhom as at that date. 

181 For similar reasons, we conclude 
that Distillers did not commit common law 
fraud. There was no material misrepresen- 
tation by Distillers concerning the account- 
date problem that was relied upon in any 
way by Delta. The injury to Delta was 
caused by its misunderstanding of the 
problem, which was in no way the result of 
Distillers’ conduct. 

f9,lOl Finally, any omission by Elkhom 
regarding the magnitude of the account- 
date distortion did not violate its promise to 
provide reasonable access to its books and 
records. Such a promise cannot extend to 
matters of which a party is ignorant but 
which might indirectly be revealed by oth- 
erwise immaterial records. 

The district court found Distillers in breach 
of both warranties because (1) “Elkhom 
had incurred substantial loss reserve obli- 
gations as of September 30, 1983 which 
were not disclosed in full,” and (2) “[t]he 
June 30, 1983 Balance Sheet showed a net 
worth of $18 million rather than Elkhom’s 
true conditionj’,] which was insolvency.” 
“Based on information available as of June 
30 and September 30, 1983,” the court,ex- 
plained, two expert witnesses “demonstrat- 
ed that the loss reserve liability figures in 
Elkhom’s balance sheets were understated 
and the net worth correspondingly over- 
stated.” The court further reasoned that, 
under New York law, a plaintiff suing for 
breach of a warranty need not prove ex- 
press reliance such as a change of position 
in reliance on a misrepresentation. CBS, 
Inc. v. Ziff-Davis Pub. Co., 75 N.Y.Bd 496, 
554 N.Y.S.2d 449,452,553 N.E.2d 997,lOOO 
(1990). Instead, any reliance is satisfied by 
“the express warranty . . being part of 
the bargain between the parties.” Id, at 
453, 553 N.E.Ld at 1001. Belying on this 
principle, the district court held that Delta 
had purchased the promise “that warran- 
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ties contained in the Stock Purchase Agree. 
ment were true,” and rescinded the Elk- 
horn acquisition “[i]n view of Distillers’ 
breaches of material portions of the Stock 
Purchase Agreement.” 

We do not disagree with the district 
court’s finding, based on the testimony of 
Delta’s expert witnesses, that Elkhom was 
insolvent as of June 30, 1983 and that this 
insolvency was due to the underestimation 
of loss reserves. But see the qualifications 
stated in Note 2, supra. We also do not 
disagree that the underestimation could 
have been detected from information avail- 
able as of that date. Indeed, as noted 
above, had book-date data been derived 
manually or STREAM converted to pro- 
duce such data when the account-date prob 
lem was discovered, the insolvency would 
have been disclosed subject again to the 
qualifications stated in Note 2, supra. 

1111 However, we disagree with the dis- 
trict court’s view that the warranties quot- 
ed constituted a guarantee by Distillers 
that loss reserve estimates on Elkhom’s 
books would prove in the future to be 
substantially accurate. Taking an over- 
view of the deal, Delta refused to go for- 
ward without obtaining independent opin- 
ions from Conning and Peat Marwick as to, 
inter aliu, the adequacy of Elkhorn’s loss 
reserves as of June 30, 1933. Delta also 
bargained for and received a period of time 
after the acquisition to reexamine Elk- 
horn’s net worth as of September 30, 1983 
and to be entitled to whatever reimburse- 
ment Peat Marwick determined. 

Delta knew that Elkhorn lacked actuarial 
expertise, and its initial inquiries revealed a 
need for a thorough audit and raised seri- 
ous questions about both Ellchom’s meth- 
odology and conclusions as to the adequacy 
of its loss reserves. Delta’s knowledge of 
Elkhorn’s lack of expertise and insistence 
upon independent actuarial and accounting 
opinions and post-acquisition arbitration, in 
an acquisition where the price was set at 
book value, hardly suggests that Distillers 
had agreed to guarantee loss reserves. 
Such an agreement would have been so 
one-sided so as to be implausible-one in 
which Distillers could do no better than 

break even. As the district court viewed 
the contract, Delta would reap handsome 
profits if the loss reserves proved exces- 
sive. If book value decreased as a result 
of the underestimation of loss reserves, 
Delta’s losses would be covered by Distill- 
ers. An agreement so fraught with down- 
side risk to Distillers and no hope of gain 
seems unlikely in light of Elkhorn’s actuar- 
ial ignorance, of the substantial uncertain- 
ty regarding estimates of loss reserves, 
and of Delta’s insistence on favorable actu- 
arial opinions as a condition of the acquisi- 
tion. 

Although the district court relied heavily 
upon the analysis of Elkhom’s financial 
condition at relevant dates by Mary Hen- 
nessey of Towers Perrin and John Creamer 
of Arthur Young & Co., Delta never ex- 
plains what Hennessey and Creamer did 
that Conning and Peat Marwick could not 
have done in the course of their July-Octo- 
ber inspections of Elkhorn. Nor does the 
record. Delta thus asks us to constie this 
contract to allow recovery of the full pur- 
chase price based on professional expert 
testimony in court that disagrees with the 
contemporaneous professional opinions ex- 
pressed by Conning and Peat Marwick, 
firms hired by Delta itself to render such 
opinions. 

Turning to the precise terms of the Stock 
Purchase Agreement, we fiid no support 
for that extraordinary view of the Agree- 
ment. The language of Section 5(f) war- 
rants the maintenance of Elkhom’s books 
and records according to accepted practices 
in tbe industry so as to reflect accurately 
its financial condition. There is nothing in 
that language suggesting that estimated 
items such as future losses are guaranteed 
as to future adequacy. What is warranted 
is that the loss reserves stated have been 
set aside. Section 5(g) on its face warrants 
only that the June 30, 1933 balance sheet 
was consistent with GAAP and does not 
guarantee the accuracy of estimates of fu- 
ture claims to any extent beyond that re- 
quired by GAAP. 

Moreover, the Agreement contained spe- 
cific guarantees of balance sheet items that 
would have been superfluous if Sections 
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5(f) and (g) guaranteed the accuracy of all 
estimated items on the balance sheet. For 
example, Distillers explicitly warmoted 
that “[a]11 material tax liabilities . . are 
adequately provided for” and agreed to 
defend and satisfy liabilities in excess of 
Elkhom’s tax reserves. Distillers also cer- 
tified that “the book value of the bond 
portfolio . . . did not, at August 31, 1983, 
exceed the market value thereof by more 
than $1,635,000,” thereby minimizing the 
risk to Delta that Elkhom’s assets were 
inflated on the June 30 balance sheet. This 
warranty is significant because, in June 
1933, ARM viewed the two greatest risks 
with regard to the acquisition of Elkhom 
as the possible overvaluation of ita bond 
portfolio and the possible inadequacy of its 
loss reserves, both of which are balance 
sheet items. 

Finally, Section 12, which we set out in 
the margin,’ provided Delta with a post- 
purchase right to challenge the book value 
of Elkhorn. Under that provision, Delta 
was allowed to deliver no later than Octo- 
ber 17, 1983 its own balance sheet setting 
forth Elkhorn’s financial condition a.s of 
September 30, 1983. If Delta’s balance 
sheet showed a net worth in excess of $18 
million, Delta would pay Distillers a divi- 
dend equal to the excess amount; if it 
showed a net worth of less than $18 mil- 
lion, DistilJers was required either (1) to 
remit to Delta the amount of the deficit by 
October 31, 1933 or (2) to submit the vaiua- 
tion dispute to Delta’s outside accountant, 

Peat Marwick, for “final and conclusive 
and binding” resolution. Thus, Section 12 
afforded Delta a binding, post-purchase op. 
portunity to arbitrate book value, and thus 
the adequacy of Elkhom’s loss reserves, 
before Delta’s chosen accountant. 

We cannot, therefore, stretch the basic 
accounting warranties of Section 5 to serve 
as guarantees of the future adequacy of 
loss reserves without upsetting the alloca- 
tion of risk deliberately established by the 
Stock Purchase Agreement. It is axiomat- 
ic that “[t]he term ‘generally accepted ac- 
counting principles’ should not be interpret- 
ed in vucuo but only in relation to the 
particular type of business involved.” 
Pittsburgh Coke & Chemical Co. u. Bollo, 
560 F.2d 1089, 1092 (2d Cir.1977). Like- 
wise, the phrase “complete and accurate in 
all material respects” should not be divorc- 
ed from the commercial context in which it 
is used. The presence of unequivocal war- 
ranties as tc the adequacy of Elkhom’s tax 
reserves and the market value of its bond 
portfolio-items included in the June 30 
balance sheet-strongly indicate that the 
parties viewed Section 5 as being no more 
than what its language says, a warranty as 
to accounting accuracy and regularity, not 
a blanket guarantee of net worth. 

Under New York law, “[a] specific provi- 
sion will not be set aside in favor of a 
catchall clause.” William Higgins & 
Sons, Inc. u. State of New York, 20 N.Y.Zd 
425,284 N.Y.S.Ld 697,699,231 N.E.Zd 285, 
286 (1967). “Definitive, particularized con- 

7. Section 12 provided: 
12. Ad&stmarr to the Purchase Ain No 

later than October 17, 1983. Buyer shall deliv- 
er a balance sheet of Etkhom as at September 
30. 1983 (the “‘Septcmher 30tJ.t Balance 
Sheet”), prepared in accordance with CAAP 
and on the same basis as used in the prepara- 
tion of the June 30th Balance Sheet. The 
book value of all Bonds, Preferred and Com- 
mon Stocks included in the September 30, 
1983 Balance Sheet will be determined by 
Princeton Financial Sysems Inc. and shall be 
binding on all parties. Seller guaranteea to 
Buya that the Net Worth of Elkhom, as at 
Septemkr 30, 1983 shall not be less than 
I 18,aoo.m. 

In the event that the Net Worth of Elkborn 
is greater than flS.OKI,OOO as shown on the 
September 30th BaIance Sheet, then Elkhom 
shall pay a dividend to the Seller on or before 

the 28th October 1983 in an amount sufficient 
to reduce the Net Worth of Elkhom to $18,. 
000,000 in accordance with Clause 10 hereof. 

to the event that the Net Worth of Elkhom 
as shown on the September Xtb Balance 
Sheet is less than Sl8,OOO,OM), then Seller 
shall pay such deficit to the Buyer at Fort Lee. 
New Jersey, on or before the 31st of October, 
1983. or if such Bakmcc Sheet shall be dir 
puted (as below provided) then payment shall 
be made promptly after the wttlement of such 
dispute. 

tn the event Seller disputts the September 
30th Balance Sheet, Selkr shall advisa the 
Buyer not later than the 25th October. 1983 
and any such dispute. if not resolved prompt- 
ly hetwan the parties. shall be rcsohed by 
the opinion of Peat. Marwick, Mitchell B Co... 
which said opinion shall be final and c~nclu- 
sive and binding on all patties hereto. 
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tract language takes precedence over ex- 
pressions of intent that are general, sum- 
mary, or preliminary.” John Hancock MW 
tual Life Ins. Co. v. Caroline Power & 
Light Co., 717 F.2d 664, 669 n. 8 (2d Cii. 
1983) (applying New York law).8 If either 
Section 5 or Section 12 of the Stock Pur- 
chase Agreement is a guarantee of Elk- 
horn’s net worth and creates rights of chal- 
lenge to the June 30 balance sheet, Section 
12 is obviously the more “specific provi- 
sion” and Section 5, by comparison, the 
“catchall clause.” William Higgins & 
Sons, 284 N.Y.S.2d at 699, 231 N.E.2d at 
286. 

For these reasons, we believe Sections 
5(f) and (g) warranted only that (i) no mate- 
rial item had been omitted; (ii) each item 
was accurately described, e.g., amount of 
loss reserve; and (iii) the June 30 balance 
sheet was prepared in accordance with 
GAAP. So read, Section 5 neither dupli- 
cates other warranties of specific balance 
sheet items nor undercuts the conditional 
guarantee and right of challenge provided 
by Section 12. So read, Section 5 affords 
Delta a right to challenge the propriety of 
Distillers’ accounting under GA.AP on the 
June 30 balance sheet, whereas the right to 
challenge loss reserve estimates otherwise 
consistent with GAAP is subject to the 
terms and remedies enunciated in Section 
12. 

Because the district court believed that 
Sections 5(f) and (g) guaranteed that the 
June 30 balance sheet statement of loss 
reserves would, with an excess of $18 mil- 
lion, be adequate to cover future claims, it 
never explained how-or even whether- 
Elkhorn’s June 30 balance sheet ran afoul 
of GAAP. Although the district court 
found that “the actuarial analyses of Tow- 
ers Perrin, as presented by Mary Hennes- 
sey, and the conclusions of Arthur Young 
& Co., as presented by John Creamer, were 
the most credible and compelling explana- 

8. In its summary judgment decision in the in- 
stant matter, the distri& court described Section 
12 of the Stock Purchase Attrcement as “clear 
and unambiguous”-“guara;;tac[ingl the net 
worth of EIkhotn” but “intertwined with pmce. 
dues and remedies lucidly set forth within that 
section,” namely the exchange of a post-pure 

tions concerning Elkhorn’s true financial 
picture as of June 30,” Section 5 never 
warranted that the June 30 balance sheet 
represented the “most credible and compel- 
ling” portrayal of Elkhom’s “true financial 
condition.” The district court’s findings 
and conclusions thus have no relevance to 
the question of whether the June 30 bal- 
ance sheet conformed with GAAP. We 
turn now to that question, the most easily 
resolved issue in this complex matter. 

[121 Delta does not claim, and the dis- 
trict court did not find, that the June 30 
balance sheet was incomplete or inaccurate 
in any respect other than that its estimated 
loss reserves were too low. Peat Marwick 
certified that balance sheet as well as the 
September 30, 1983 balance sheet as con- 
sistent with GAAP. Delta’s witnesses tes- 
tified to no gaps or inaccuracies in the data 
base provided by Elkhom’s records, on 
which the June 30, 1983 balance sheet en- 
tries were based, apart from STREAM’s 
failure to afford separate retrieval of book 
dates. However, Sections 5(f) and (g) do 
not warrant easy computerized preparation 
of loss development triangles, and no claim 
is made that the raw data in Elkhorn’s files 
regarding book dates was inaccurate. 
GAAP does not require actuarial review of 
loss reserves estimates, much less the use 
of loss development triangles. 

With regard to the estimate of loss re 
serves, Delta does not even argue that the 
actuarial method employed by Elkhom- 
the loss ratio method-was inherently un- 
reasonable or inconsistent with GAAP. As 
our extended discussion svpra noted, 
GAAP does not require that reinsurers use 
any particular actuarial method, and the 
loss ratio method was recognized as accept- 
able. 

Nor can it be maintained that the specific 
loss ratio employed by Elkhom-sixty-five 
percent or the ceding company’s recom- 
mendation-was at the time viewed by pro- 

chase balance sheet and submission of any dis- 
pute to binding arbitration. Given this earlier 
ruling, with which we agree, the district court’s 
later reading of Section 5 as providing a second, 
and unqualified, guarantee of the balance sheet 
seems anomalous. 
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fessionals as so overly optimistic as to via- 
late GAAP. Deltr presented no such evi- 
dence at trial and, had that been the case, 
Conning aud Peat Marwick, both of which 
were fully aware of EWom’s methodology 
of estimating loss reservea, would have 
concluded their studies in less than an 
hour. As noted, loss reserves are not like 
a debt with fued payments of principal and 
interest Informed guesswork is an accept 
ed bask for determining such reserves, and 
Elkhorn’s books were based on such guess- 
work. 

We therefore reverse. 
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EXCERPT FROM 
DIARY OF THE CIVIL WAR, 1860-1865 

George Templeton Strong 
edited by Allan Nevins 

(introduction by Eugene McGovern) 



Diary of the Civil War 1860-1865, by George Templeton Strong, edited 
by Allan Nevins, was published and copyrighted by Macmillan Publishing 
Company, 1962. 

This excerpt is reprinted with permission from Macmillan Publishing 
Company. 
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George Templeton Strong (1820-751 was a New York lawyer who 
during the Civil War worked heroically for the United States 
Sanitary Commission. No private citizen did inore for the Union 
cause, and his is the most famous, and the most important, of the 
diaries that survive from those years. 

Sincerely, 

Eugene McGovern 
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Authentic story about E. B, Elliott, whilom actuary to the Sanitary 
Commission. He has much talent for mathematics and a great faculty of 
working with entire concentration on abstract questions, but he is quite 

without common sense. He called on Dr. Woodward, United States 
Army, to find fault with certain blanks Dr. Woodward has been issuing 
to army surgeons calling for information as to the medical history of the 
war. 

"Dr. Woodward,” said Elliott, “I have looked over these forms of 
yours very hastily, but I am shocked to discover at the first glance omis- 
sions in your list of diseases that must deprive the returns of all scientific 
value.” Woodward requests to hear it, and begs for particulars. “Why, 
sir, in your catalogue of fevers-malarious, typhoid, and so on-you 
have omitted and overlooked a most important form of fever, a fever 
which according to foreign statistics constitutes 8.Q576948" (or what- 
ever it may be) “per cent of the aggregate of febrile cases. What wilI 
foreign statisticians think of us if we publish returns founded on so im- 
perfect a classification???? I have studied the subject thoroughly and 
exhaustively and feel it my solemn duty to warn you that this oversight 
destroys the worth of all your work.” 

“Gracious goodness!” said Woodward. “You don’t mean itao tell 
me what species of fever has been forgotten.” ‘Why, puerperal fever,” 
said Elliott, “and here are the tables that shew the percentage,” and so on. 
“But soldiers cannot have puerperal fever,” quoth Woodward. “I don? 
see why they are not as much exposed to it as civilians,” replied Elliott, 
and Woodward told him why, in very vigorous Saxon English. Elliott 
Red in consternation. 

-entry for Jan 14, 1665 
Diarv of the Civil War 1860-1865 
by Georgt Templeton Strong 
ed Allan Nevins (Macmillan, 1962) 



“THE STING,” 
A NEW MUSICAL COMEDY 

David Skurnick 
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TYXE STING 

Book & Lyrics by David Skurnick 

Music by Jerry Bock, Mark Charlap, Noel Gay, Scott Joplin, 
Cole Porter, Richard Rodgers, and Guiseppe Verdi 
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David Skurnick and the Casualty Actuarial Society 
present 

A New Musical 

THE STING 
Book and Lyrics by David Skurnick 

Music by Jerry Bock, Mark Charlap, Noel Gay, Scott Joplin, Cole Porter, 
Richard Rodgers, and Guiseppe Verdi 

Producer Director 
DAVDD SKURNICK ERICH I’ARKBR 

Musical & Vocal Direction 
ROBERT GARDNER 

Musical Arrangements 
ROBERT GARDNER 

Chorus Master 
TOM MYERS 

Choreography 
KARIN QUINTANO 

Addirional Dialogue 
JENNIFER SKURNICK 

Set Design 
ERICH I’ARKBR 

Make-Up & Hair Design 
EILEEN JOHN 

Set Construction 
JANE TAYLOR& MIKB DOLAN 

Cover & Program Design 
RBNEE COX 

General Manager 
JANE TAYLOR 

Dedication 
Z!-lE STING is dedicated to the regulators and employees 

who have tirelessly and often without recognition worked to end fraud 
in the insurance industry. 

A Special Note of Thanks 
Space does not permit us to name everyone who has generously contributed time 
and talent to make this production possible. To all of you, our heartfelt thanks. 
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CAST 
(in OYdCY ofappearance) 

JiB Bunkorb ,......,...,,..,............,................................................,..,... SHERRY GARDNER 
a managing~enerai agent just a touch, shall wc Jay, on the disboncst ride 
Jack Bunkum ,..... ~ . . . . . . . . . . . . ..___......................................... ~ . ...___.._.........,.. ERICH PARKER 
a masterwindler and president of The Bunkum &ency 
Harold Young ,.___._,,,,,.._..,.,,..... t ,..,,___.....,......,.,,......,.,,..,...,..,.....,......,.,..,,,. TOM MYERS 
a young actuarial trainee who doesn’t have a clue 
Clyde Fixer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ERWIN WOLF 
an actualy who well, his name say$ it all 
Paul Dormouse ..,,._..._..,,___.._..,,.....,............,...................,.....,.........,.,,...,.,,. SUE .,lILLER 
an actuary as old as Methuselah 
The Godfather . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RICH QIJINTAIVO 
a Mafia chiefiain 
Suzanne Ravishing . . . . . . . . ~.~ ..__........._................ ~ ._......_.................. ~... KARIN QUINTANO 
a real babe and vice president of Am&can Galactic Insurance Company 
Charlie Fry . . . t . . . . . . . . I . . . . . . . . . . . . . . . . . . ..~............................................ DAVID SKURNICK 
president of American Galactic 
Barbara Sterling . . . . . . . . . . . . . . . . .._............................................................... BARBARA COOK 
executive vice president of Amerkan Galactic 
Commissioner of Insurance.. ..t . . . . . . . . . . .._.. .._.__. ._.. JANE TAYLOR 
ofyour home state 
Broker . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . NORM BENNETT 
placing the reinsurance 
Appraiser . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CHAP COOK 
of real estate 
Examiner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . MEL PINTO 
of the insurance department 
Attorney General . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I . . . . . . . . . . . . . . . . . . . . . . . . JIM HALL 
of the state 
Employees 
NORM BENNETT, JEAN BLAKINGER, MIKE CAULFIELD, CHAP COOK, MIKE 
DOLAN, EILEEN JOHN, SUE MILLER, JOANNE OTTONE, MEL PINTO, PAT-I-1 
SANDMAN, JOAN SKURNICK, ERWIN WOLF 

Understudies 
for Jill, Sue Miller; for Jack, Tom Myers; for Harold, Erwin Wolf; for Clyde, Mike 
Caulfield; for Paul, Joan Skumick; for Godfather, Mike Caulfield; for Suzanne, Sue Miller; 
for Charlie, Erwin Wolf; for Barbara, Sue Miller; for Commissioner, Joan Skumick; for 
Broker, Mike Caulfield; for Appraiser, Joan Skumick; for Examiner, Joan Skurnick; and 
for Attorney General, Mike Caulfield. 

Ushers and Stage Crew 
Boca Raton only: Ross Cutie, Head Usher; Scoa Augutis, Jim Gilben, Chris Han-is, Jim 
Mahoney, and Chris Mar&i, Crew. 

1 
I 

..“YY.r ._._.- , 
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THE STING will be performed without an intermission. 

1 
Scene 1: The oftices of The Bunkum Agency. 

Headhunter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . l._, ,.._................... Jill 
Tow, Dick 07 Harry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Jill, Harold, Clyde S: Paul 
Ah! Don’t Say No Today. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .I .,........ Jack 

: Scene 2: 4 The Bunkurn Agency a few we&s later. 
Thinking Nothing @No One but Me . . . . . . . . . . . . . . . . . . . . . . . . . Suzanne & 

j 
Jack 

Scene 3: A Conference Room at American Galactic Insurance Company. 
The Swindlers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Barbara & Charlie 

I 
i 

Scene 4: Hearing Room of the Department of Insurance. 
I A@& Goes . . . . ~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Jill, Jack, Harold & Ensemble 

Pause for Scene Change. 

Scene 5: On Their Way to American Galactic. 

Sceme 6: The Chairman’s Office at American Galactic. 
! Credits, Debits . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Barbara, Charlie & Ensemble 
i 
i YOH’R Fired . . . . . . . . .., . . . . . . . . . . . . . . . . . . . . . . . . ..Suzanne & Employees 

j 
Mmay a New Duy ........._ll.._.,, ._......,,.. . . . . . . . . . . . . . . Barbara & Employees 

i Scfzne7: InLimbo. 
/ Headhunter (reprise) ._...,................. ,.............. Barbara & Employees 

Scene 8: The Chairman’s Office a few weeks later. 
You’re the Top 1..I..............................................,....... Suzanne & Jack 
?b’re Fired (reprise) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Jill, Suzanne & Jack 

Scene 9: The Chairman’s Office a few weeks later. 
I Enjoy Cheating a Gull . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . + . . ..-.. JiU & Jack 

Scene 10: The Chairman’s Office. 
AnythingGaes(reprise).........Jill,Suzanne, Barbara, Jack & Ensemble 
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JILL BUNKUM 

JACK BUNKUM 

THE GODFATHER 

HAROLD YOUNG 

CLYDE FIXER 

PAUL DORMOUSE 

THE STING 
by David Skumick 

May 30, 1992 

Dedicated to the regulators and en@oyees, who have 
worked rofighrfraud in the insurance indusip. 

A dishonest managing general agent. Jill is a tough, straight- 
talking babe, who is often mad at her husband. 

A master swindler. Jack and Jill operate the Bunkum Agency. 
You can tell if he’s lying by whether his lips are moving. 

A Mafia chieftain. 

A young and very naive actuarial trainee. 

A dishonest actuary. 

A very old actuary. 

SUZANNE RAVISHING Vice President at American Galactic Insurance Company. She is a 
lovely, blond vamp, who is also selfish and scheming. 

CHARLIE FRY 

BARBARA STERLING 

Long-time President of American Galactic Insurance Company. 

Executive Vice President of American Galactic. She is honest, 
upright and effective. 

STATE INSURANCE 
COMMISSIONER 

REINSURANCE BROKER A pompous international broker 

APPRAISER A Real Estate appraiser. 

EXAMINER A naive State Insurance Department Examiner. 

THE ATTORNEY 
GENERAL This bastion of righteousness is serious and intense. 

EMPLOYEES of American Galactic Insurance Company. 

The action takes place in the present rime at the Bunkum Agency, the State 
Insurance Department and American Gakuctic Insurance Company. 
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INTRODUCTION 

Our story today is adapted from fact. 
It’s about MGA’s and a fii they attacked. 

Now, managing general agents are trusted, 
To underwrite, then to get losses adjusted. 

But, Jack and Jill Bunkum have no inhibitions, 
They underwrite junk, just to get the commissions. 

If claims fill the air at the end of a caper, 
These villains don’t care; it’s the company’s paper. 

Now, Jill, who invents the astonishing plot, 
Is soft-spoken, gentle and courteous -- NOT! 

And, Jack’s speechifying could use improving, 
You can tell if he’s lying -- his lips are moving 

So, laugh at our show; it’s a comic revue. 
But, crime fighters know - -it could happen to you. 
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OVERTURE 

SCENE 1 

[Curtain rises on the crummy office of the Bunkum Agency. There are two desks side by side in 
a shallow V. JACK is resting with his feet on his desk (on the left). JILL stands looking out 
the window upstage right. She turns toward JACK.] 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

(Upset and angry at JACK) Jack, they’re repossessing our Cadillac! 

(ingenuous) I’m sure it’s their mistake, darling. 

[overlap JACK’s final word] You didn’t make the payments, did you? 

(calmly; diverting the discussion) Jill, for managing general agents like us, it’s 
dog-eat-dog. 

Oh, yeah? Then the dog ate us. (bitter) The damn company we represented 
wised up and dumped us. 

They even took out newspaper ads to rescind the agency agreement. 
That’s slander. 

I told you not to forge their policies. 

Other companies never stopped us from writing. 

(bitter) Until they went bankrupt! 

(defensive) We could have come away with a profit. Why did they sue us? 

(sarcastic) Oh, I can’t imagine. Just because we cut the rates in half? Wrote crud? 
Insured crooks? Or, [laugh at JACK] maybe because we kept all the money? 

(defensively) I was prepared to negotiate in goodfaith. (with sincerity) I offered 
to reinsure their entire exposure into another company. 

Did you have another company? 

Well, no. 

(suddenly very excited, as she gets back to the main argument) And, you still 
don’t have a company! So, we’re outa business, right! 

Don’t worry, dear, An insurance company is nearly ready to give us their pen. 



JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JILL: 

Who? (Contemptuously challenging him. She knows he’s lying.) 

(in a fake virtuous tone) Jill, I am not pemitted to divulge their identity. 

(furious at this obvious evasion) Jack Bunkum! I don’t care how many suckers 
you’ve swindled; you can’t con me! We’re busted and you’re stuck! 

You nrgv be correct, dear. 1’11 just keep pitching. [to audience] “...We can help 
your company grow in a niche market. Our underwriting expertise and access 
to reinsurance will lead . . . ” 

[Overlap “will lead”] NO! [pause] We’ll buy our own company. 

Buy a company? That would cost millions. And, the Department would never 
approve. (condescending) I’ll find the pigeon; your [pause] do the typing. 

(angry at the put-down) Forget it! Multi Global is selling American Galactic. 
We’re buying it. 

(angry and sarcastic) Don’t be ridiculous! How could we do that? 

mow, JILL is calm and superior] First, I’ll hire an agreeable actuary. 

(scornfully) An actuary! You want to spend all day listening to fancy double 
talk? 

[pause to glare at JACK] I afready do! 

[JILL picks up a phone and dials. Maybe rings on the 1st beat of the last 3 or 4 
measures of the introduction. JACK sits down at his desk.] 

HEABHUNTER 
to the tune of MATCHMAKER 

Lyrics by Sheldon Hamick, Music by Jerry Bock 

Headhunter, headhunter, hunt me a mind; 
Catch me a catch; fmd me a find. 
Locate the applicants I want to see, 
And earn your enormous fee. 
Headhunter, headhunter here are the specs, 
Try not to use age, race or sex, 
All that I really require is that he 
Should always agree with me. 
For pricing, let him be high; 



HAROLD: 

JILL: 

HAROLD: 

JILL: 

HAROLD: 

JILL: 

CLYDE: 

JILL: 

CLYDE: 

JILL: 

CLYDE: 
I 

JILL: 

PAUL: 

For reserving, let him be low; 
For planning, let him predict 
That the corporate earnings will grow and grow. 
Headhunter, headhunter, turn on the speed, 
Start making calls; chase every lead. 
Don’t stop to check what their resumes say, 
Just, send them to me right away. 

[HAROLD enters SL and hands JILL his application. JILL is genial and pleasant 
with the three applicants.] 

Hi, I’m Harold Young. You’re looking for an accounting clerk, right? 

An actuary. (a bit suspicious) Can you identify yourself’? 

Yes. [picks up a mirror and looks at himself] It’s me all right. 

[points to application] You went to Kankakee Community College. What was 
your major? 

Major? [amazed laugh] I bailed after a semester. 

What makes you think you could do the job? 

I’m trustworthy, loyal, brave, clean, and reverent 

That’s good. And, who’s this? 

[CLYDE enters SL.] 

Hello! I’m Clyde Fixer, here to fix your actuarial reports. [He hands Jill his 
application.] 

You were the actuary at Equity Funding. Then there’s a gap in your resume. 

I was with L. I. C 

L. I. C.? 

Leavenworth Inmates Club. 

You’ll fit right in. 

[PAUL enters SL and hands Jill his application, with shaking hands.] 

Good day, young lady. I’m looking for a job to supplement my Social Security. 
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JILL: 

PAUL: 

JILL: 

PAUL: 

JILL: 

The way we pay, you’ll need a second income. 

[Hands JILL his application] I’ve had long years of experience. 

[Reading] Let’s see. You invented the fist retro rating plan. (She is impressed) 

(proudly) I also created experience rating. [point at application] 

It’s wonderful to find an applicant who’s so qualified. Oh, your address is 
missing. Just till it in right here. [points to the application] 

PAUL: I can’t remember where I live. 

[JILL does a double take.] 

JILL: Hmm . . . which one should I hire? 

TOM, DICK OR HARRY 
to the tune of TOM, DICK OR HARRY 

by Cole Porter 

HAROLD: I recently dropped out of junior college. 
1 never got a grade as high as a D. 
If you prefer a total lack of knowledge, 
Hue me, hire me, hue me. 

CLYDE: My resume displays a past that’s checkered. 
I served a stretch in jail, but as a trustee. 
So, if you would not mind a criminal record, 
Hire me, hire me, hire me. 

PAUL: I am the very oldest of old-timers, 
I’m fretful and forgetful to a degree. 
If you give health insurance for Alzheimer’s, 
Hire me, hire me, hire me. 

PAUL: Hire me! 
Hire me! 
Hire me! 
Hire me! 
Hire me! 
Hire me! 
Hire me! 

HAROLD & CLYDE: 
PAUL: 
HAROLD & PAUL: 
CLYDE: 
HAROLD: 
ALL 3: 
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JILL: 

HAROLD: 
JILL: 
CLYDE: 
JILL: 
PAUL: 
JILL: 
CLYDE: 
JILL: 
PAUL: 

JILL & 
APPLI- 
CANTS: 

JILL: 

HAROLD: 

JILL: 

REFRAIN 1 
We need one actuary, 
And will take with no qualm, 
Any Tom, Dick or Harry, 
Any Harry, Dick or Tom. 
We need one actuary, 
And will take double quick, 
Any Tom, Dick or Harry, 
Any Tom, Harry or Dick. 

REFRAIN 2 
I’m your new actuary, 
This is work, not a prom. 
I’m your new actuary, 
Are you Harry, Dick or Tom? 
I’m your new actuary. 
Are you dull? 
No, I’m slick. 
Are you Tom, Dick or Harry? 
Call me Tom, Harry or Dick. 

REFRAIN 3 

[The three applicants don straw hats.] 

I need (she needs) one actuary, 
Who will not be contrary. 
Yes, it’s most necessary, 
For reserves commentary. 
I need (she needs) one actuary, 
And will take double quick, 
Any Tom, Dick or Harry, 
Any Tom, Harry or Dick 
A dicka dick, 
A dicka dick, 
A dicka dick, 
A dicka dick, 
A dicka dick, 
A dicka dick. 

Harold, this is your lucky day. The Bunkum Agency has awarded you an 
internship. You can work here by paying a tuition of only $1000 a month. 

That sounds kind of expensive for Dad 

[matter-of factly] You can play Tetris on our computer. 
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HAROLD: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

JACK: 

[without thought] I’ll take it. 

Start tomorrow. (to Harold) Sorry, boys. (to CLYDE and PAUL) 

[All three applicants leave SL.] 

That was masterful. Now, how do we pay for the company? 

[Piano plays Theme from THE GODFATHER under dialogue.] 

We start with a short term loan of seven million dollars. The bank issues junk 
bonds to finance the purchase. Multi Global also gives us a loan. As soon 
as we’re in control, we use the company’s money to repay the seven million. 
We’re long gone when the other debts come due. 

Yeah! [Pause for thought] But, where do we get the seven million? 

(light-hearted) You borrow it from your friend Don Corleone. 

The Godfather!!? (frightened) [JILL nods.] But we never paid him back. 

(light-hearted) Well, he’s on his way over. 

(petrified) He’ll kill me! [Heads for door at SR] 

[GODFATHER enters SR and JACK backs up. JILL sits at her desk. JACK 
might stumble as he’s backing up and deliver his first line from the floor.] 

GODFATHER: Where’s the money you owe me? 

JACK: Good morning, Godfather. It was exceedingly kind of you to visit my meager 
office. 

GODFATHER: Where’s the money you owe me? 

JACK: [gets up] 1 can’t pay you right now. We had some unexpected difficulties. 

GODFATHER: (angry) Where’s the money you owe me? 

JACK: But, I’ve got a new plan that will make you even more money. 

GODFATHER: Jack, why do you treat me so disrespectfully? 

JACK: The thing is, I need another seven million. 

GODFATHER: No! 



JACK: Please lend me the money. Of course, I’ll pay your standard daily rates. 

GODFATHER: I can have my boys take care of you [pause] and collect on the life insurance. 

JACK: (pleading) I’ve got no one else to turn to. 

GODFATHER: NO! 

AH DON’T SAY NO TODAY 
to the tune of LA DONNA E MOBILE 

by Guiseppe Verdi 

[During Verse 1, GODFATHER is shaking his head no. By Verse 2, he becomes 
positive and enthusiastic, due to the beautiful aria and the offer of equity.] 

JACK: 
VERSE I 

Ah, don’t say No today, I need your dough today. 
I’m filled with woe today. I’m in a pickle. 
I’m in distress, today. Please acquiesce, today, 
Won’t you say Yes today. Don’t be so fickle. 
We don’t need much money. We don’t want a billion, 
Only seven million, just for a week or two. 
Just for a week or two. Ah. Just for a week or two. 

VERSE 2 
You have a bank account; I need to use it. 
Lend me the capital. I will not lose it. 
You can have ownership, if you should choose it. 
Make me an offer; I can’t refuse it. 
We don’t need much money, we don’t want a billion, 
Only seven million, just for a week or two. 
Just for a week or two. Ah. Just for a week or two. 

GODFATHER (deeply moved) Jack, that’s my favorite aria. I’ll help you. 

JACK: Oh, thank you, Godfather. [JACK leans over and kisses his hand.] 

GODFATHER: And, Jack, make a big profit, [pause] or you’ll sleep with the fishes. 

[JACK reacts with fear. GODFATHER exits SL.] 

JILL: [during GODFATHERS exit] Now, that’s what I call risk-based capital. 

CURTAIN 
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SCENE 2 

[The curtain rises on the Bunkum Agency office, a few weeks later. JACK is sitting at his desk. 
SUZANNE enters. JACK looks up.] 

SUZANNE: 

JACK: 

SUZANNE: 

JACK: 

SUZANNE: 

JACK: 

SUZANNE: 

JACK; 

SUZANNE: 

JACK: 

SUZANNE: 

JACK: 

SUZANNE: 

JACK: 

SUZANNE: 

JACK: 

SUZANNE: 

JACK: 

Hello. (as woman to man) I’m Suzanne Ravishing. [shakes hands with JACK] 

(smitten with her beauty) Well, hello, cutie. Come right in. Sit down. Would 
you like a donut? 

No, thanks. I’m watching my figure. (seductive wiggle) 

Me, too! (enthusiastically) Now, what can I do for you? 

I’m Vice President at American Galactic Insurance. 

(suddenly worried) What are you doing here? 

Relax, Jackie. I’ve got a proposition for you. 

Oh, really? 

I’m in a very good position to give you the intimate details of how management is 
fighting the takeover. 

(interested) Yeah? What are they up to right now? 

They just told Multi Global and the Insurance Department about your 
reputation as an MGA. 

(thinking out loud) Hmmm..... Multi Global won’t be a problem. They don’t care 
whose money they take. 

For an insurance man, you’re sinfully handsome. 

The Department will support us, if we engage Hillary Clinton’s law firm. {or, & 
right law tirm} 

This is fascinating. 

Suzanne, if you do this for me, what can I offer you? 

Barbara Sterling is supposed to follow Charlie Fry as President. Give me the job. 

You mean President? 
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SUZANNE: 1 love mahogany panelling! [She kisses him.] 

JACK: It’s a deal! 
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THINKING NOTHING OF NO ONE BUT MT3 
to the tune of THINKING NOTHING OF NO ONE BUT ME 

Words by Douglas Furber, Music by Noel Gay 

SUZANNE: 1 make men so fond -- their pulses all stir; 
And I’ll be the blond that Jack will prefer. 
I’ll tell him the secrets that he needs to learn; 
A little investment, and plenty of return. 

Me -- I’ll be a big VIP; 
Just you look on and you’ll see, 
What’s going to happen to me. 
I -- want my career to fly. 
You may be just standiig by; 
I’ll make my limit the sky. 
What if I’m a traitor? There’s a payoff later. 
I’ll be CEO, with plenty of power and plenty of dough 
Me --just you look up and you’ll see, 
Me at the top of the tree, 
Thinking nothing of no one but me. 

JACK: I am such a charming and goodlooking man, 
My je ne sais quoi has enchanted Suzanne. 
So, she will deliver the goods to my door; 
She’ll be my informant, and maybe something more. 

SUZANNE: Me -- I’ll be a big VIP, 
Just you look on and you’ll see, 

JACK: (spoken) She’ll be a cat’s paw for me. 

SUZANNE: I -- want my career to fly, 
I’ll make my limit the sky, 

JACK: (spoken) I’ll be a very rich guy. [points to himself) 

SUZANNE: When the buyout’s over, I will lie in clover; 
I’ll be President, 

JACK: (spoken) But she doesn’t know I will steal every cent! 

SUZANNE: Me --just you look up and you’ll see 
Me at the top of the tree, 
Thinking nothing of no one but me. 

CURTAIN 
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SCENE 3 

[A conference room at American Galactic, a few weeks later. The scene is played in front of the 
curtain. CHARLIE, BARBARA and EMPLOYEES enter SL carrying 4 chairs. They mill 

about, wondering how they and the buyers will impress each other, etc. SUZANNE enters SR] 

SUZANNE: The buyers will be here any minute, so would you please find a seat. 
[Four EMPLOYEES sit, the others stand behind them. CHARLIE and 
BARBARA are to the right of the group.] 

You all know that our company is for sale. I’ve been contacted by a highly 
successful investment team, who plan to bid for us. They asked to meet with our 
management, so I invited them over today. [SUZANNE looks to her right. 
JACK and JILL enter SR, followed by HAROLD.] 
Here they come. I am now proud to introduce those two outstanding 
entrepreneurs, Jack and Jill Bunkum! 

[HAROLD, SUZANNE and a couple of EMPLOYEES applaud. SUZANNE 
moves downstage.] 

JACK: We’d like to thank Mr. Fry [he nods], Ms. Sterling [she nods] and management 
for the opportunity to speak with you. [CHARLIE and BARBARA are not 
impressed.] We need to discuss a very serious matter. You may be disturbed by 
what you hear. 

Look at the last two years’ earnings. [HAROLD displays chart I.] With 
results like this, do you know how much longer the firm can survive? [pause] 
Two years. 

JILL: In two years, your company will lose its license, your customers will lose their 
insurance, and you will /are your job. [HAROLD displays Chart 2.1 

JACK: That is stark reality. [pause] But, something can be done about it 

JILL: You’ll get an A rating, when Jack and 1 add a hundred million dollars to surplus 

EMPLOYEES: Wow! Ah! 

JACK: We will manage this company with entrepreneurial leadership, dynamic, 
customer-driven programs, and guts! The hours will be long and the work will 
be demanding, but we will succeed! [HAROLD turns Chart 2 CCW by 90 
degrees.] Do you want to be a part of this venture? 

EMPLOYEES: YES! 

SUZANNE: Wait a minute! When you have the IPO, theprivate stock will be 
worth a fortune. B’e want some! 
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EMPLOYEES: Yeah! 

JACK: (enthusiastic) You’re right. That stock is a.winner...a gold mine...a bonanza! 
(suddenly disappointed) But, I’m afraid it’s fully subscribed. You can’t buy my. 

EMPLOYEES: (disappointed) Ahh. 

JILL: (to Jack) Jack, couldn’t we sell them some of our shares’? 

[JACK thinks. The EMPLOYEES lean forward in excitement.] 

JACK: All right, we’ll do it. [EMPLOYEES jump to their feet.] Come with us. 

[JACK and EMPLOYEES hurry off to right.] 

JILL: (happily) Make your checks payable to Jack and Jill Bunkum. [exits SR] 

CHARLIE: Come back! 

BARBARA: We need to warn you... 

THE SWth’DLERS 
To the tune of THE ENTERTAMER 

by Scott Joplin 

CHARLIE When the swindlers begin their pitch, 
and They make you think that you’re going to be rich. 

BARBARA: They make promises by the bunch, 
But, they never pay off, ‘cause there is no free lunch. 
You had better proceed with care, 
You ought to know it’s a jungle out there. 
You can never get rich, 
Within a criminal niche, 
Whenever swindlers have started their pitch. 

[CHARLIE and BARBARA exit SL.] 
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SCENE 4 

[The curtain rises on a hearing room at the State Insurance Department, the next month. JACK, 
JILL. SUZANNE, EMPLOYEES, GODFATHER, COMMISSIONER, BROKER, HAROLD, 
CHARLIE, BARBARA, and APPRAISER are seated on stage. (Four people move the chairs on 
the apron back into position.)] 

COMM: 

JILL: 

BROKER: 

HAROLD: 

COMM: 

JACK: 

HAROLD: 

BROKER: 

HAROLD: 

BROKER: 

COMM: 

BROKER: 

JILL: 

BROKER: 

HAROLD: 

This is a hearing under the Uniform Insurance Holding Company Act, to rule on 
the sale of American Galactic Insurance Company. Ms. Bunkum, please explain 
your financial plan. 

[stands] We’ll complete the purchase with 80% debt and 20% equity. Ownership 
will be held 49% by Bunkum Partners and 5 1% by Cosa Nostra, Inc. [sits] 

[stands] I’m the reinsurance broker. We’ve placed the reinsurance for a loss 
portfolio transfer. By reflecting the time value of money, this transaction will 
increase surplus by twenty million dollars. 

[stands] Before we transfer those reserves, we’ll discount them. That’s another 
twenty million. 

Does that loss portfolio deal contain sufficient risk transfer? 

If you don’t approve it, you risk transferring 500 workers onto unemployment. 

(aside to BROKER) Gee, who did you find to cover such a weak company ? 

I tilled the slip at Lloyd’s of London. You see, Lloyd’s Accounting protects the 
Names. 

The what? 

That’s what they call investors, over there. 

[strikes gavel] Why don’t you explain Lloyd’s Accounting to everybody. 

It’s been done the same way for 300 years. A syndicate closes after the third 
year and reinsures the losses forward, so the Names are always sufe. 

(aside, seated) As long as they find a bigger fool to assume their losses 

[gives JILL a dirty look] Yes, in the last few years, some syndicates have been 
unable to close. 

(wide eyed innocence) Will those names have to pay 300 years oflosses? 
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COMM: 

JACK: 

COMM: 

CHARLIE: 

COMM: 

[EMPLOYEES et al. chuckle at HAROLD’s naivete] 

[strikes gavel. HAROLD and BROKER sit down.] Order! Now, will there be 
any other capital infusions? 

Yes. We will give the company a fifty million dollar office building in Houston, 
in exchange for thirty million in stock and twenty million in cash. 

(impressed) That’s rhirry rttillion of capital. 

[stands] That building isn’t worthfifry million; they just bought it for fen! [sits] 

[looks at JACK] Do you have a real estate appraiser? 

APPRAISER: [stands and clears his throat. This speech is delivered hesitantly and uncertainly] 
If we assume... an orderly real estate market, -lower interest rates,...a sufficiently 
protracted period of time, and, perhaps [pause] a return of the oil boom,... then 
the structure couldpo&+ yield fifty million dollars. [sits] 

HAROLD: [seated] (enthusiastically) That’s terrific, for a vacant building. 

BARBARA: (jumps up in desperation) Your Honor, Jack Bunkum is a criminal! He’s been 
convicted of a felony! 

SUZANNE: Mr. Bunkurn’s minor infraction was the result of a mere technical oversight. 

JILL: (jumps to her feet) Forget the past. We’re going to save American Galactic. 

JACK: (jumps to his feet) And make the employees rich. 

EMPLOYEES: Yeah! Approve the deal! Go for it! [make noise until the gavel strikes] 

COMM: [strike gavel] This purchase is APPROVED. 

[Everyone is happy, except CHARLIE and BARBARA, who stalk out SL.] 

ANYTHING GOES 
To the Tune of ANYTHING GOES 

by Cole Porter 

VERSE 

JILL: Times have changed. 
And we’ve often rewound the clock, 
Since directors first got a shock, 
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When they started to issue stock. 
If today, 
Any shock they should try to stem, 
‘Stead of selling more common stock, 
Why, the fum would just sell them. 

REFRAIN1 
In olden days those great big losses 
Were looked on as albatrosses, 
But now, God knows, 
Anything goes. 
Good underwriters once were thrifty, 
Now, they run a hundred fifty 
Loss ratios. 
Anything goes. 
Just think of those shocks you’ve got, 
And those knocks you’ve got, 
From those blocks you’ve got, 
Of penny stocks you’ve got, 
And the gunk you’ve got, 
And all the junk you’ve got, 
In your bond portfolios. 
Jersey folk react like maniacs as 
They’re whacked with those zany taxes, 
Of Florio’s. 
Anything goes. 

[Tap dance routine between Refrains 1 and 2, and also between Refrains 2 and 3. 
During the latter dance, the Commissioner will tap dance in front, wearing her robe and wig.] 

REFRAIN2 
HAROLD: When MGA’s can make a killing 

By secretly overbilling 
On bordereaux. 

ALL: Anything goes. 

HAROLD: Investors who are out on bail 
Can scare owners, and get greenmail, 
In their LBO’s. 

ALL: 

HAROLD: 

Anything goes. 

Just look at that broker, he’ll [indicates BROKER] 
Tell a joke with zeal. 
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ALL: 

JACK: 

ALL: 

JACK: 

ALL: 

JACK: 

JACK 
and 

JILL: 

COMM: 

ALL: 

He can stroke your feelings, 
Provoke a deal. 
He’d forsake romance for 
A chance to transfer 
Those loss portfolios. 
At Lloyd’s the names watch losses mounting, 
But can’t use three year accounting, 
when years won’t Close. 

Anything goes. 

REFRAIN 3 
When buyout artists so appalling, 
See companies [RHYTHM] quickly falltig, 
Like dominoes. 

Anything goes. 

A swindler, who has served a term in the pen 
Can acquire a firm and then 
Thumb his nose. 

Anythiig goes. 

If changes abrupt you like, 
To disrupt you like, 
To corrupt you like, 
To interrupt you lie, 
If cooked books you like, 
And dapper crooks you like, 
Why, nobody will oppose. 

We made our case with great precision, 
Resulting in this decision, 
As hearings close: [Hold close only two beats. 

COMMISSIONER bangs gavel on the third beat.] 

Anything goes! 

Anything goes. 

CURTAIN 
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PAUSE FOR VIDEO CASSETTE CHANGE 

[Play some quiet music, perhaps part of 77te Entertainer.] 

SCENE 5 

[The next day. JACK, JILL, HAROLD, and SLJZANNB enter SL in front of the drawn curtain, 
During this scene they gradually move across the stage toward SR. They are excited.] 

JILL: 

HAROLD: 

JILL: 

JACK: 

HAROLD: 

JILL: 

JACK: 

SUZANNE: 

JILL: 

HAROLD: 

JACK: 

SUZANNE 

JACK: 

JILL: 

JACK: 

HAROLD: 

Everything’s signed. We own the company. @ohIs up contract] 

Wow! Can we eat in the executive dining room? 

We can seII the food. 

And the assets. 

I’ll feed my brother a ten dollar lunch. 

I’11 feed my brother a ten million dollar loan! 

Say, when can we meet with the executives? 

They’re all at Charlie’s retirement party. 

Let’s go, then. 

Yeah, let’s crash the party. 1’11 get the brewskies. 

No need, Harold. They’ll share with us. 

I’ll tell them who’s boss now. Me! 

OK. But, remember: change is pain. 

Speak with P. M. A. 

A Positive Mental Attitude. 

We’re outa here. 
[All exit SR] 
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SCENE 6 

[The Chairman ‘s offtce at American Galactic, one hour later. The curtain rises on a sedate party, 
which is nearly over. Balloons, banners and signs are hanging. There are bright table cloths on 
the desks and tables, with glasses and bottles on them. BARBARA and CHARLIE are standing 
upstage, center. The employees are milling about, partying.] 

BARBARA: Would you all gather round, please. [EMPLOYEES gather round] This party has 
been in honor of Charlie Fry, the most outstanding executive I’ve ever had the 
privilege of working with. Starting as a humble accounting clerk, he rose to 
become a great leader at American Galactic... 

EMPLOYEES: [Hands on hearts, as they interrupt, enthusiastically] Hmmmmm. 

[JACK, JILL, HAROLD and SUZANNE enter SR] 

BARBARA: He’s hanging up the ax, ringing down the curtain, and sa.iIing off into the sunset, 
leaving a pair of big shoes to fill. 

CHARLIE: Not at all, Barbara. You’II be the best President yet. 

BARBARA: Charlie, you provided a model of Prudence, Integrity, and Sound Underwriting, 
which we all will seek to emulate. Now you can enjoy a well-earned retirement 
in Boca Raton. As a token of your many contributions to American Galactic... 

EMPLOYEES: [Hands on hearts] Hmmmmm. 

BARBARA: . ..I hereby present this beautiful, gold-plated watch. 

[EMPLOYEES applaud as she hands him the watch.] 

CREDITS, DEBITS 
To the tune of SUNRISE, SUNSET 

Lyrics by Sheldon Harnick, Music by Jerry Bock 

BARBARA: Is this the baby-faced accountant? [Walk to front of stage, sing directly 
Is this the eager, young trainee? to the audience.] 
I don’t remember getting older, 
When did he? 
When did his face become so wrinkled? 
When did his head lose all its hair? 
Wasn’t it yesterday his hair was there? 
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ALL: Credits, debits, credits, debits, 
Calmly flow the days, 
Doing exactly what they tell me, 
Hoping to get another raise. 
Credits, debits, credits, debits, 
Till the end of time. 
Slaving to make a little profit. 
Watching each nickel and each dime. 

CHARLIE: Now I’ll be living in a condo, [Walk downstage, sing to 
wear only shoes of shiny white. audience. ] 
I’ll eat my dinner at four thirty, every night. 
Ill wait for visits from the children, 
Watch Oprah Winfrey on TV. 
I’m a proud member of AARP. 

ALL: Credits, debits, credit, debits, 
Calmly flow the days, 
Doing exactly what they tell me, 
Hoping to get another raise. 
Credits, debits, credits, debits, 
Slowly crawl the years, 
One day exactly like another, 
Work that is boring me to tears, 

CHARLIE: Thank you for this beautiful, engraved time-piece. This lovely memento shows 
[pause to glance at the watch] that it’s past my bed time. Good night. 
[exits in front of group, SR] 

BARBARA: Would the new owners like to speak? 

[JACK moves to center. Group moves back slightly. JILL, HAROLD and 
SUZANNE are nearby.] 

JACK: [reads matter-of-factly] As you can all appreciate, our number one priority will 
be to analyze the financial condition of the Company. The outcome of this effort 
will result in the repositioning of some of our units, so it is important that we do 
not further aggravate our cost position. Therefore we are implementing a rapid 
program of redeployment and destaffmg. 

[ALL move downstage] 

[EMPLOYEES make confused noises.] 

EMPLOYEE: {Mel) (puzzled) What does that mean? 

JACK: [aside to SUZANNE, as they switch places] Remember: P. M. A. 
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SUZANNE: 

EMPLOYEE 1: 
EMPLOYEE 2: 
EMPLOYEE 3: 

SUZANNE: 

EMPLOYEE I: 
EMPLOYEE 2: 
EMPLOYEE 3: 

SUZANNE: 

SUZANNE: 

YOU'REFIRED 
To the tune of I’M FLYING 

Lyrics by Carolyn Leigh, Music by Msrk Charlap 

You’re fued. 

(spoken) Fired? {Sue} (Shocked and questioning) 
(spoken) Fired? {Mike) I# 

(spoken) Fired? {Joanj 0 

Here’s the deal, all pink slips, [shows the pink slips like a bridge hand] 
It’s for real; read my lips. 
You’re fired. 

You’re Ered. 

(spoken) Fired? {Sue) 
(spoken) Fired? {Mike} 
(spoken) Fired? {Joan,’ 

(Angry and questioning) 
I, 
I, 

Disappear, take your stuff, 
You’ve been here long enough; 
You’re fired. 
Please turn out your light, turn in your key. 
We don’t need to fight; you’re history. 
You’re fired. 

POP [sound of balloon being popped] 
POP 
POP 

You’re all canned, I’m still here, 
I feel grand, I could cheer, 
You are unemploytd, I am overjoyed, 
You’re tired. 

[The employees sing with great enthusiasm, thanks to P. M. A.] 
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EMPLOYEES: We’re fired. 

EMPLOYEE 1: 
EMPLOYEE 2: 
EMPLOYEE 3: 

(spoken) Fired! {Sue/ 
(spoken) Fired! {M&e) 
(spoken) Fired! {Joan) 

EMPLOYEES: It is all for the best, 
We can crawl home and rest, 
We’re tired. 

EMPLOYEE 1: 
EMPLOYEE 2: 
EMPLOYEE 3: 

EMPLOYEES: 

EMPLOYEE 1: 
EMPLOYEE 2: 
EMPLOYEE 3: 

EMPLOYEES: 

[EMPLOYEES and BARBARA march in place starting with ‘When we leave...“, 
then march out left as they sing the last line.] 

JACK: 

JILL: 

Well done, President Ravishing! 

The whole company is in our hands. 

[JACK, JILL, HAROLD, and SUZANNE exit right. BARBARA and 
EMPLOYEES then sneak back on stage from left. P. M. A. has definitely worn 
off. They pour. drinks.] 

EMPLOYEE 1: (Rich} Those bastards! 

EMPLOYEE 2: {Joan} After alI we’ve done for American Galactic. 
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(Happy and liberated) 
,I 

We’re fued. 
(spoken) Fired! (Sue) 
(spoken) Fired! {Mike) 
(spoken) Fired! {Joan) 

(Exhausted and resigned) 
II 
II 

It’s no joke, we’re in debt, 
We’U be broke till we get 
Rehired. 
We’ve all done our best, you wouldn’t scoff. 
So, we’ll take the rest of the day off. 
We’re fired. 

(spoken) Fired! {Sue) 
(spoken) Fired! {Mike) 
(spoken) Fired! {Joan) 

(Tipsy and resigned) 
4, 
II 

We’re discharged, we’re dismissed, 
By and large, we’re alI pissed. 
When we leave today, with our two weeks’ pay, 
Either we’ll get drunk or we’ll prepare our resume; 
We’re fired. 



EMPLOYEES: [put hands on hearts] Hmmmm. 

EMPLOYEE 3: {Mel} At least, they’re blcying. [All drink] 

EMPLOYEE 4: (Sue} This is horrible. 

EMPLOYEE 5: {Norm} Where will I go now? [starts to cry] 

EMPLOYEE 6: {Jean} Where’s our golden parachute? [Starts to cry. All EMPLOYEES 
start crying, except BARBARA, who is bold, determined, upright and sober.] 

EMPLOYEE 7: {Mike C.} This never would have happened if we had tinished the Data Base 
Pro&t. 

EMPLOYEE 8: {Chap} I’ll never get the tie tack with three diamond chips! 

BARBARA: Friends, let’s put the bitterness and lamenting behind us. We’ve encountered 
misfortune, but it’s time to move forwsrd. Let’s go to my house for a 
resume writing psrty. 

[BARBARA sits downstage center. EMPLOYEES stand around her in a tableau.] 
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MANY A NEW DAY 
To the tune of MANY A NEW DAY 

by Oscar Hammerstein 11 and Richard Rodgers 

BARBARA: Why should a worker who is healthy and strong, 
Blubber like a baby if her job goes away? 
Cursing that the management has done her wrong, 
That’s one thing you’ll never hear me say. 
Never gonna think that the job I lost is the only job I can catch; 
I won’t complain that it wasn’t fair, 
I’ll snap my fingers to show I don’t care, 
1’11 wash that company out of my hair, 
And start all over from scratch. 

EMPLOYEES Many a new duty will I try, 
and BARBARA: Many a new task will find me. 

Never will I seek to alibi, 
Over the lost job behind me. 
Many a new job will brighten my career 
Always have I kept my resume 
In up to date condition. 
Never did I really think I’d stay 
In the old position. 
Ready to set forth and on my way, 
Starting on my job search mission. 

BARBARA: Many a new war to fight, (slower) (NOTE: Thefour underlined 
words to be doubled by 

EMPLOYEES: Ah, ah, ah (harmony) 

BARBARA: Many a new risk to write. 

EMPLOYEES: ‘c&ah 

BARBARA: Many a new job will 

Sue Miller and/or Joan.) 

UNISON: Brighten my career. (harmony) 

CURTAIN 

480 



SCENE 7 

[BARBARA and 5 female EMPLOYEES come in front of curtain as it is closing in Scene 61 

EMPLOYEES 
and BARBARA: 

(6 women) 

EMPLOYEE 1: 

EMPLOYEE 2: 

EMPLOYEE 3: 

EMPLOYEE 4: 

EMPLOYEE 5: 

EMPLOYEE 6: 

ALL: 

EMPLOYEE 1: 

EMPLOYEE 2: 

EMPLOYEE 3: 

EMPLOYEE 4: 

ALL: 

HEADHUNTER (reprise) 

Headhunter, headhunter, get me employed, 
I am depressed; I am annoyed. 
Start making phone calls; you know what I seek: 
A salary check each week. 

Headhunter, headhunter, I need to work. 
Sitting at home drives me berserk. 
Even if I get demoted to clerk, 
Just get me a chance to work. 

And, also, four weeks vacation, (Sue) 

An office, with a beautiful view. {Barbara) 

A bonus, {Joan} 

Deferred compensation, {Jean) 

A company car {Earbara) 

And a PS-2 [RHYTHM] Pu4 

Headhunter, headhunter, I want the best: 
Title and perks, all of the rest. 
If they’re not offered, at home 1 will stay, 

Where I will resist, (Barbara} 

I will desist, lsuel 

Simply exist, {Jean] 

Barely subsist, {Joan) 

On my unemployment pay. 

[Three women exit SL, the other three exit SR] 
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SCENE 8 

[Curtain rises on JACK and SUZANNE in the Chairman’s office, a couple of weeks later. He 
sits at his desk, worried. She is flirtatious] 

JACK: This is tougher than I thought, The Insurance Department is investigating us, the 
agents are denouncing us, and nobody knows the combination to the vault. I’m 
so discouraged. 

SUZANNE: [sits in his lap] Jackie, forget the company. (suggestively) Jill is visiting a 
Branch. We have the whole day together. 

JACK: How can I run an insurance company? 

SUZANNE: Where’s the old Btmkum confidence? You think other executives have one tiny 
fraction of your brains, your charm, your... 

YOU’RE THE TOP 
Based on YOU’RE THE TOP by Cole Porter 

VERSE I 
SUZANNE: At words poetic I’m so pathetic, 

That I always have found it best, 
Instead of getting ‘em off my chest, 
To let ‘em rest unexpressed. 
I hate parading my serenading, 
As I’ll probably miss a bar. 
But, if this ditty is not so pretty, 
At least it’ll tell you how great you are. 

REFR4 IN I 
You’re the top, you’re a high umbrella. 
You’re the top, you’re a brand new fella’. 
You’re Ron Ferguson, who is number one at Gen Re. 
You’re John Hancock Tower, the hundredth power, you’re Lotus 3. 
You’re the breeze, you’re a Broadway tryout. 
You’re the fees in a leveraged buyout. 
I’m a stock that’s hit the rocks and gonna drop. 
But if, baby, I’m the bottom, you’re the top. 

JACK: 
VERSE 2 

Your words poetic are not pathetic, 
On the other hand, babe, you shine. 
And I can feel after every line, 
A thrill divine, down my spine. 
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A gifted human like Steven Newman, 
Might think that your song is bad. 
And, I’ve got a notion to second the motion, 
But, this is what I’m going to add: 

JACK 
REFRAIN 2 

You’re the top, 
You’re the wheel’s inventor, 
You’re the top, 
You’re the World Trade Center 
You’re the faraway expertise of AJG, 
You’re a retro max 
You’re an auto fax, 
You’re Schedule P. 
You’re supreme, 
You’re the profit margin, 
In a scheme, 
Where we’re overchargin’, 
I’m a carnivore in a little horror shop. (spoken) FEED ME 
But if, baby, I’m the bottom, you’re the top. 

REFRAIN 3 
SUZANNE: You’re the top, 

You’re the regulator. 
You’re the top, 
You’re the numerator. 

JACK You’re the walnut trim on a chauffeured limousine. 
You’re infinity, 

SUZANNE: You’re MacGinnitie, 

JACK: You’re a Harvard dean 

SUZANNE: You’re the pay 
That the Chairman’s earning; 

JACK: You’re the day 
That the cycle’s turning. 

SUZANNE: I’m a ne’er-do-well, an S and L gone pop, 
But if, baby, I’m the bottom, you’re the top. 

[Brief dance interlude, perhaps to the tune of the verse.] 

REFRAIN 4 
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JACK: 

SUZANNE: You’re the top, 
You’re the Wall Street Journal, 

JACK: 

SUZANNE: 

JACK: 

SUZANNE: 

JACK: 

SUZANNE: You’re the top, 

JACK: 

BOTH: 

JILL: 

JACK: 

JILL: 

JACK: 

JILL: 

SUZANNE: 

JILL: 

You’re the top, 
You’re the life eternal, 

You’re the lawsuit rate in the Golden State, out West, 

You’re a new position, 

You’re an acquisition, 

You’re the Part Ten test 

You’re the top, 
You’re a Stradivary, 

You’re an actuary, 

I’ve a brain that fails like J. Dan Quayle’s, a flop, 

But if, baby. I’m the bottom, you’re the top. 

[At the close of the song, they wind up in some affectionate pose. JILL suddenly 
appears. She is furious.] 

I knew it!! 

[JACK jumps to his feet to face JILL, spilling SUZANNE onto the floor.] 

Jill, I can explain this. It isn’t what you think. You see,... 

(interrupting) Don’t waste your breath, you philanderer. I heard the whole thing. 

But I thought you were on an audit. 

I was auditing you! 

Jill, you mind the business; I’11 take care of Jack. 

(even more furious) You’ve done your job. Now, get out! 



YOU’RE FIRED (reprise) 

JILL: You’re fired. 

SUZANNE: 

JACK: 

JILL: 

Fired? (spoken) 

Fired? (spoken) 

Fired! (spoken) 

Change your plans, change your tack, 
Keep your hands off of Jack! 
I have made a cut. 
Now your door is shut. 
Pack up and get out of here, 
You selfish little slut. 
You’re rued. 

[SUZANNE walks toward the exit SR, then suddenly turns toward JACK and 
JILL.] 

SUZANNE: (with vicious hatred) I’ll get even with you! 

CURTAIN 

{Note: The curtain will risefor Scene 9 with no delay.) 



SCENE 9 

[The curtain rises on the Chairman’s office at American Galactic, a couple of weeks later. 
JACK, JILL and HAROLD enter and seat themselves around a table or in a semi-circle.] 

JACK 

HAROLD: 

JILL: 

HAROLD: 

JACK 

JILL: 

HAROLD: 

JACK: 

JILL: 

HAROLD: 

JACK: 

HAROLD: 

JILL: 

HAROLD: 

JACK: 

JILL: 

HAROLD: 

JACK: 

JILL: 

Have you implemented tough, new cost-saving measures? 

Yes sir! We cut out vacations, holidays, raises, [pause; amazed or puzzled] 
and the company magazine. 

Sales are ‘way up. Low prices scared the competition, but not us. 

I’m concerned about expenses, sir. We’re paying an extra 30% override 
commission to the Bunkum Agency. 

(With fake sincerity) No problem. We’re writing the best risks. 

[laughs] Just ignore him. (matter-of-factly) We’re looting the company. 

Oh. (vacantly) 

Is the new surety contract in place? 

Uh huh. We provided Financial Guarantee Insurance on Bank of Sark bonds. 

What’s the Bank of Sark? 

(pompously) It’s an offshore, non-bank bank 

Huh? 

[laughs] The Bank of Sark is just some crooks who print phony letters of credit. 
They peddle ‘em from an island near England. 

Oh. (He is still confused, and is resigned to being confused.) 

How about the investment report? 

We’ve swapped our U. S. Treasury bills for Bank of Sark bonds. 

(confused) But, how can those bonds be safe? 

They’re guaranteed. 

[laughs] We insured ‘em ourselves. 
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HAROLD: Uh oh. Here comes the State Examiner. 

[EXAMINER enters SR] 

EXAMINER: (meekly) Excuse me. The State Insurance Department sent me over to audit your 
books. What should I do? 

JACK: Ah, yes. This is our Annual Statement. [hands him a large sized Annual 
Statement] It’s supposed to give an accurate picture of the company’s financial 
condition. But, it needs to be ver@ed. 

Here’s the draft of the Statement. [indicates a voluminous draft] 
Now, you go verify that they both have pxoctly the same numbers. 

EXAMINER: I can handle that. [staggers out under a load of paper SR] 

HAROLD: 

JACK: 

JILL: 

JACK: 

JILL: 

Gee, how did you guys learn to be so cunning? 

[laughs] I may not be very smart, but the typical insurance person is so gullible. 

He’s a gull, asking to be cheated.... 

A mark, begging to be swindled... 

I ENJOY CHEATING A GULL 
to the tune of 1 ENJOY BEING A GIRL 

Lyrics by Oscar Hammerstein II; Music by Richard Rodgers 

I’m a crook, and by me that’s really grand. 
I am glad my morality is twisted, 
With a pitch that is always underhand, 
And promotions not easily resisted. 
Yes a confidence game strikes me as funny. 
If I lose, it is easy to recoup. 
And, the deals keep my disposition sunny, 
With the money I embezzle from a dupe. 
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JILL: I took bribes from a crooked lawyer, 
So his claims I would not annul. 
And laughed at my dumb employer. 
I enjoy cheating a gull. 
With insurance [TRIPLET] for offshore drilling, 
I paid kickbacks to write the hull. 
So the buyer would be more willing. 
I enjoy cheating a gull. 
I once was a junior claims adjuster. 
The work was as dull as it could be. 
The job finally gained a bit of luster, 
When I thought of a way to pay some claims to me. 
Don’t forget that I’m always greedy; 
Don’t be fooled by my ballyhoo. 
With a new reinsurance treaty, 
I could toss all of the loss 
Off to a gull like you. [point at HAROLD] 

JACK: With an uninsured [TRIPLET] conflagration, 
I kept everyone in the dark, 
Then back-dated the application. 
I enjoy cheating a mark. 
When the balance sheet [TRIPLET] faced an audit, 
I had bonds from the Bank of Sark. 
And that foolish accountant bought it. 
I enjoy cheating a mark. 
I worked as an underwriting agent, 
But, fronting a deal got me disgraced. 
The cedent became a most dismayed gent, 
When he learned that the reinsurance wasn’t placed. 

BOTH: Don’t forget that we’re always greedy, 
Don’t be fooled by our ballyhoo. 
With a new reinsurance treaty, 
We could toss a11 of the loss, 
Off to a gull like you. [point at audience] 
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SCENE 10 

[The curtain rises on JACK and JILL in the Chairman’s office. They are giddy 
with success. HAROLD enters SL with two huge sacks, with dollar signs on them.] 

HAROLD: 

JACK: 

JILL: 

JACK: 

JILL: 

HAROLD: 

JILL: 

Here’s the cash and bearer bonds, Mr. Bunkum. 

The investible ussets. [JACK and JILL laugh.] 

The surplus surplus. [They laugh] 

Who says you can’t make money From cashflaw underwriting? [They laugh] 

Hasfu la vistu, Harold. We’re off to Rio. [They laugh] 

But, who’s going to run the company? 

The insolvency Fund. mey laugh] 

[GODFATHER enters SR] 

GODFATHER: Where’s the money you owe me? 

JACK: 

SUZANNE: 

JILL: 

SUZANNE: 

AG: 

SUZANNE: 

AG: 

Here it is. [extends a sack toward GODFATHER] 

[SUZANNE enters SL; GODFATHER freezes.] 

(brightly) Hello, everybody. 

(coldly) What are you doing here? 

I just want you to meet my fiance...[AG enters SL)...the State Attorney Genera;]. 

[GODFATHER hastily exits SR. JACK hides the sacks behind a desk.] 

Jack and Jill Bunkum, now I’ve finally got the goods on you! You’re under arrest. 
Stand right there. 

[AG points downstage right. JACK and JILL move downstage right. 
CHARLIE, BARBARA and EMPLOYEES enter SL.] 

The old employees came back to see you get yours. (nastily) 

These people worked with tenacious Insurance Department investigators to 
amass all the evidence. They are heroes. 
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JACK: 

AG: 

JILL: 

[Piano plays The Entertuiner leitmotif. AG approaches JACK and JILL.] 

I’ve got an idea. Let us go; you can share the loot. 

(shocked) What? Never! 

You moron! He’s the law-and-order candidate for Governor. 

JACK: (grasping for straws) Well, suppose we help your campaign? 

AG: (suddenly interested) What could you do for me? 

JILL: We can squeal on the Godfather. 

AG: The Godfather? (amazed) 

JACK: We can work with the State Anti-fraud Unit to ferret out white collar criminals. 

JILL: Give us another chance. 

JACK: We’ll build your reputation as a two-fisted crime-fighter. 

JILL: Think of your political future... 

AG: [thinks] All right, we can do business together. 

BARBARA: What about the company’s money? 

AG: Here it is. [He grabs the sacks and hands them to BARBARA. JACK and JILL 
look pained.] Barbara, this company needs a new Chairman Will you head up 
American Galactic? 

EMPLOYEES: [hands on hearts] Hmmmmm. 

BARBARA: There’e no place to go but up! Are you with me? 

EMPLOYEES: Yes! OK! Yay! Hooray! 

EMPLOYEE 7: (happily) Now I can get back to the Data Base Project. {Mike C.) 

SUZANNE: You’re not letting these snakes go, are you, dear? (cracking the whip) 

AG: Hold your tongue, Suzanne. They’ve joined my team. 

JACK: (with great seriousness) We’ve learned our lesson. From now on, we’ll be sworn 
enemies of those who would undermine the ethical practice of insurance. 
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ANYTHING GOES (reprise) 

BARBARA, When a leader, who had once been tired 
SUZANNE Can suddenly get re-hired, 
and JILL: Then, I suppose, 

ALL: 

B, S 62 J: 

Anything goes. 

When ex-employees get recruited 
By a company that’s been looted 
It surely shows, 

ALL: Anything goes. 

B, S &J: The world has gone mad today, 
And good’s bad today 
And black’s white today 
And day’s night today, 

JACK: And a crook could be 
An accessory 
To top politicos. 
We know you’re a career advancer, {or AG: I know I’m a career advancer 
And so we will hear you answer, And so ~014 will hear me answer 
When we propose, When you aroTmxe 
Anything goes. Anvthinp Goeg) 

i CHORUS: The world has gone mad today, 
And good’s bad today 
And black’s white today 
And day’s night today, 
And a crook could be 
An accessory 
To top politicos. 
We know you’re a career advancer, 
And so we will hear you answer, 
When we propose, 
Anything goes. 
Anything goes. 

THE END 
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