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Financial Pricing of Insurance in the Multiple
Line Insurance Company 1

March 14, 1996

Abstract:   This paper uses a contingent claims framework to develop a financial pricing
model of insurance that allows for the determination of premium levels by line of business. 
The model overcomes one of the main shortcomings of previous financial models of
insurance: namely, the inability to price insurance in a multiple line insurer subject to
default risk.  The model implies that it is not appropriate to allocate equity capital by line;
rather, the price in a given line depends upon the overall risk of the firm and the
anticipated liability growth rate in the individual line.  Thus, prices are predicted to vary
across firms depending upon firm default risk, but within a given insurer prices should not
vary after controlling for line-specific liability growth rates.  We also analyze an important
real-world qualification to this result that is provided by the existence of insurance groups,
where several insurer subsidiaries are owned by a primary insurer or holding company. 
Under U.S. corporation law, the owners of the group have the option to allow individual
subsidiaries to fail, and claimants against the subsidiary cannot reach the assets of other
members of the group unless they succeed in "piercing the corporate veil."  Because of the
existence of this option, insurance groups with liability and equity capital widely dispersed
among subsidiaries are predicted to command lower prices than otherwise similar insurers
where business is concentrated in one or a few corporate entities.  Empirical tests using a
comprehensive sample of publicly traded property-liability insurers support the hypothesis:
prices vary across firms depending upon overall-firm default risk and the concentration of
business among subsidiaries; but within a given firm, prices do not vary by line after
adjusting for line-specific liability growth rates.



FINANCIAL PRICING OF INSURANCE IN THE MULTIPLE
LINE INSURANCE COMPANY

1. Introduction

Since insurance contracts are financial instruments, it seems natural to apply financial models to

insurance pricing. Financial pricing models have been developed based on the capital asset pricing model

(Biger and Kahane, 1978, Fairley, 1979), arbitrage pricing theory (Kraus and Ross, 1982), capital

budgeting principles (Myers and Cohn, 1987) and option pricing theory (Merton, 1977, Doherty and

Garven, 1986, Cummins, 1988, and Shimko, 1992). Financial models represent a significant advancement

over traditional actuarial models because they recognize that insurance prices should be consistent with an

asset pricing model or, minimally, avoid the creation of arbitrage opportunities.

A limitation of the existing financial pricing models is the implicit or explicit assumption that

insurers produce only one type of insurance, even though most insurers produce multiple types of coverage

with differing risk characteristics and liability growth rates (e.g., automobile insurance, general liability

insurance, workers’ compensation insurance, etc.). The purpose of this paper is to remedy this deficiency in

the existing literature by providing a theoretical and empirical analysis of insurance pricing in a multiple line

firm. An option pricing approach is adopted to model the insurer’s default risk. The standard Black-

Scholes model is generalized to incorporate more than one class of liabilities; and pricing formulae are

generated for each liability class. The theoretical predictions of the model are tested using data on an

extensive sample of publicly traded U.S. property-liability insurers.

Option pricing models rely on risk-neutral valuation relationships (Doherty and Garven, 1986)

and/or arbitrage arguments (Cummins, 1988, Shimko, 1992) to price the insurance contract. These models

have two primary advantages: First, they explicitly incorporate default risk. This is important given the

increase in insurer insolvency rates since the early-1980s (see BarNiv, 1990). Second, because of data

1



limitations, the key parameters can be estimated more accurately for option pricing models than for

competing models such as the Myers-Cohn (1987) or Kraus-Ross (1982) models. l

The standard option pricing model of insurance views the liabilities created by issuing insurance

policies as analogous to risky corporate debt (e.g., Doherty and Garven, 1986). The insurer is assumed to

issue an insurance policy in return for a premium payment, analogous to the proceeds of a bond issue. In

return, it promises to make a payment to the policyholders at the maturity date of the contract. Using this

bond analogy, the value of the insurer’s promise to policyholders can be thought of as being like the value

of a default risk-free loan in the amount of the promised payment less a put option on the value of the

insurer. At maturity the debt holders receive L - Max(0, L-A), where L = the nominal value of the

promised payment and A = the assets of the insurer. In reality, however, most insurers issue more than

one type of insurance and in this case the analogy with debt is no longer exact. The problem of pricing

multiple classes of debt has been considered by Black and Cox (1976). In their analysis senior debt has

priority over junior debt in the event of bankruptcy. With multiple lines of insurance, each line has equal

priority in the event of bankruptcy (see National Association of Insurance Commissioners, 1993), and this

is the case investigated in our paper.

There have been only a few prior papers on insurance pricing in a multiple line firm, mostly in the

actuarial literature. Nearly all have approached the problem by assuming that the insurer’s equity capital is

allocated among the lines of business, usually in proportion to each line’s share of the insurer’s liabilities

(see D’Arcy and Garven, 1990, Derrig, 1989, or Knuer, 1987). Prices for a given line of insurance then

1As explained in detail below, option pricing of insurance requires the estimation of the insurer’s overall
market volatility parameter, based on monthly or daily stock price data, whereas the Myers-Cohn and Kraus-Ross
models require the estimation of one or more beta coefficients measuring the systematic risk of insurance
underwriting returns. Due to data limitations, estimation of insurance underwriting betas has relied on quarterly
or annual book value data. Betas based on accounting data are likely to be poor proxies for market-value betas,
and Cummins and Barrington (1985) report that accounting beta estimates for insurers are highly unstable. Cox
and Griepentrog (1988) adapted the pure-play approach of Fuller and Kerr (1981) to estimate divisional costs
of capital for insurers but report that the resulting cost of capital estimates are unreliable.
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incorporate an aggregate profit charge equal to the assumed cost of capital for the line multiplied by its

assigned equity. This approach lacks theoretical foundation and the allocation rules tend to be ad hoc. In

addition, little progress has been made in estimating reliable costs of capital by line.

A more appropriate model of multiple line insurance pricing has been developed by Allen (1993),

who shows that it is incorrect to allocate capital by line when computing insurance prices because the

capital is present to back all of the company’s policies and thus is inherently indivisible.2 Allen’s model

offers important insights into the multi-line pricing problem. However, it does not incorporate default risk,

i.e., it assumes that losses can be larger than expected but can never exceed the insurer’s resources. The

theoretical development in the present paper combines the option pricing approach with insights drawn

from the Allen model to derive a pricing model for a multiple line firm subject to default risk.

Our model implies that it is not appropriate to allocate capital by line; rather, the price of insurance

by line is determined by the overall risk of the firm and the line-specific liability growth rates. Thus, prices

are predicted to vary across firms depending upon firm default risk, but prices for different lines of business

within a given firm are not expected to vary after controlling for liability growth rates by line. An important

qualification to this general result is provided by the existence of insurance groups where several separate

corporations are owned by a primary insurer or holding company. (Groups account for approximately 90

percent of revenues in the property-liability insurance industry.) Under U.S. corporation law, the owners

of the group hold a valuable option, namely, the option to allow a financially troubled subsidiary to fail.

The claimants against the insolvent subsidiary cannot reach the assets of other insurers in the group unless

they succeed in “piercing the corporate veil,” which usually requires showing that the owners engaged in

fraud or some other abnormal activity (Easterbrook and Fischel, 1985). Although the owners may decide

2Allen assumes that insurance is imperfectly diversifiable so that the insurer must hold capital to pay losses
that are larger than expected. This assumption is consistent with empirical studies of insurance markets, which
show significant degrees of covariability, particularly in high risk lines such as commercial liability insurance and
both commercial and residential property insurance (e.g., Harrington, 1988).
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to rescue a failing subsidiary to protect reputational or franchise value, they are under no legal obligation to

do so. Thus, we predict that insurance groups in which liabilities are widely dispersed among subsidiaries

will command lower prices than unaffiliated single insurers or insurance groups where business is heavily

concentrated among the principal affiliates. The empirical results support the hypotheses: prices vary

across firms depending upon overall-firm default risk and the concentration of business among subsidiaries;

but within a given firm, prices do not vary by line after adjusting for line-specific liability growth rates.

The remainder of the paper is organized as follows: Section 2 develops the theoretical model and

specifies testable hypotheses. Section 3 describes the sample and defines the market-based risk measures

and other variables needed to test the hypotheses. The equation specification, estimation methodology, and

test results are presented in section 4. Section 5 concludes the paper.

2. The Theoretical Model and Hypotheses

This section develops a theoretical model of insurance pricing in a multiple line firm and then

specifies testable hypotheses based on the model.

2.1. A Model of Insurance Pricing

We assume that financial markets are competitive, perfect, and complete and further assume that

there are two groups of potential insurance buyers who are subject to the possibility of suffering a 1oss.3 An

insurance company, owned by equity holders, is willing to insure the losses of these two groups of

individuals for an appropriate premium Pi, i=l ,2. The extension to the case of more than two policyholder

groups is straightforward.

At time 0, equity (surplus) in amount G is contributed by the equity holders of the insurer and the insurer

receives premiums of P1+P2. The losses of the two groups, denoted L i, i = 1,2, are assumed to be payable one

3The buyers may be either individuals or business firms. Individuals purchase insurance because they are risk
averse. The motivations for the corporate purchase of insurance are discussed in Mayers and Smith (1982) and
Shapiro and Titman (1985).
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(1)

period from the present (at time 1). The equity and premium cash flows are invested in marketable securities. It

is helpful to treat the premiums and the surplus as if they were invested and held in separate asset accounts. The

premium and equity accounts evolve over time as (correlated) geometric Brownian motion processes:

liabilities are also assumed to evolve according to geometric Brownian motion:

(2)

The liability processes are mutually correlated and are also correlated with the asset processes. Liabilities may

grow because of inflation or for other reasons.

Two cases are considered. The first case assumes that equity holders of the insurance company have

unlimited liability (no default risk). We consider the unlimited liability case because it provides insights into the

insurance pricing process that are helpful in the second case, which extends the analysis to the more realistic

situation where equity holders have limited liability and insurance is subject to default risk.

Insurance Pricing with Unlimited Liability. In the unlimited liability case, if the market value of the

insurer’s assets (the premium accounts plus the equity account) at time 1 is less than the market value of



liabilities, the equity holders agree to make up the deficit from their own resources, which are assumed to be

adequate to cover any potential shortfall.4

The assumption of unlimited liability for the equity holders means that we can consider the firm division

(3)

policyholders’ claim on the firm for line of business i at the beginning of the time period.

cash flows to or from the equity holders at time 1. In states of the world where the premium account is larger than

the losses payable to policyholders, the liability obligations will be paid and the equity holders will receive the

Li(0), 0]. We refer to this option as the divisional call option. The value of the equity holders’ promise to make

with payoff at time 1 of MAX[Li(0)- Pi(0), 0]. We refer to this option as the divisional put option. The value of

(4)

Substituting equation (4) into (3) yields

(5)

4In this context, the initial capital contribution G is somewhat analogous to the margin requirements that
brokerage houses require from investors when they take positions in futures or forward contracts, i.e., the equity
contribution is considered “good faith” money to demonstrate the investor’s intention and ability to satisfy the
obligations of the contract.
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This expression can be further simplified using the put-call parity relationship. Using the terminology of

our insurance model, parity requires that the call option the equity holders of the firm own minus the put option

they sell to the policyholders is equal to the premium collected minus the discounted expected value of the time 1

loss liability:

(6)

In the standard put-call parity relationship, the exercise price is discounted by the risk-free rate. The discount rate

exercise price L, over time (see Fischer, 1978). Substituting equation (6) into (5) yields:

(7)

Thus, with unlimited liability, policyholders pay the present value of the loss liability discounted at

the risk-free rate minus the liability growth rate. This proposition is not surprising given the analogous

results in the literature (e.g., Merton, 1974). Intuitively, the result holds because of the unlimited liability

assumption. No matter what state of the world occurs, policyholders always receive the full value of their

claim. Since they do not bear any risk, the appropriate discount rate is the risk-free rate, adjusted in this

case for the growth component of the liability drift term.

A more novel implication of equation (7) is that the investment strategy undertaken by the firm

does not affect the premium paid by the policyholders. In other words, investing the premium account in a

risky portfolio will not reduce the price paid by the policyholders. It will, however, affect the risk and

return characteristics of the equity holders’ payoffs. This result amounts to a type of insurance Modigliani-

Miller theorem; assets are valued correctly by financial markets, and value cannot be created or destroyed

by the investment policies of insurance firms.



Defining the risk-adjusted discount rate as the discount rate which sets the present value of the

liability equal to the policyholders claim on the firm divided by the expected liability payment (see Merton,

1974), we obtain:

(8)

where the last equality follows from equation (7). Thus, the risk-adjusted discount rate for line of business

i when equity holders have unlimited liability is just the risk-free rate minus the growth component of the

Insurance Pricing with Limited Liability. Now assume that equity holders have limited liability,

i.e., equity holders are only liable to pay losses until the assets of the company have been depleted. In the

event there are remaining losses to be paid, the equity holders declare bankruptcy and turn the assets of the

firm over to the policyholders. In a competitive market with complete information, policyholders will take

this limited liability position into account in deciding how much they are willing to pay for the insurance

contract.

To determine the value of the equity holders’ claim on line of business i in this case, consider the

potential cash flows to or from the equity holders at time 1. In states of the world where the premium

account exceeds the losses payable to policyholders in line of business i, the liability obligations will be paid

and the equity holders will receive the residual value. As in the previous section, this contingent cash flow

funds in the premium account to cover all the liabilities so the equity holders will be required to liquidate

part or all of the equity account to make up the difference. This cash flow can be modeled as put option

case, if the value of the surplus account does not cover the total shortfall of the firm, the equity holders can
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The insolvency put depends upon the firm’s total assets and liabilities (A and L), a risk-free drift

insolvency put option). The overall liability growth rate rL is the weighted average of the line-specific

(9)

In order to allocate the cost of the insolvency put option to the different lines of business, we need an

assumption about the priority in bankruptcy of the various lines of business. We assume that policyholders

divide the assets of an insolvent insurer according to an equal priority rule which divides the assets of the firm

among the policyholders according to the value of the liability claims they hold against the firm. Therefore, each

consistent with the prior academic literature on insurance insolvencies (e.g., Cummins and Danzon, 1994) and is

also consistent with insurance bankruptcy laws (see National Association of Insurance Commissioners, 1993).

Other types of priority rules could straightforwardly be incorporated in this framework.

Using the equal priority rule, the value of the equity holders’ claim on line of business i is equal to

(l0)

Now using equations (3) and (10), the value of the policyholders’ claim on the firm in line of business i is

(11)

Recalling the parity relationship between the divisional call and put options, equation (11) reduces to

(12)
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Equation (12) says that the value of the policyholders’ claim for line of business i is equal to the risk-free

discounted value of the claim minus line i’s share of the insolvency put options.5

Equation (12) is consistent with other financial pricing models of insurance as risky debt (e.g.,

Doherty and Garven, 1986, Cummins, 1988). However, it overcomes the major shortcoming of the

previous pricing models of insurance that imply that the price of insurance for a given line of business is a

function of the amount of equity allocated to that line of business. For example, Myers and Cohn (1987)

and Kneur (1987) argue that equity must be allocated to various lines of business in order to determine the

fair value of insurance for a particular line. Our analysis shows that such an allocation would be

inconsistent with price determination in informationally efficient, competitive insurance markets.

What is important in determining fair insurance premiums is the residual risks that policyholders

face. The allocation of surplus to a particular line of business implies that specific lines of business do not

have access to the equity capital supporting other lines. This is not the case in practice. The insurer’s

equity capital provides a cushion against unfavorable realized states of the world and is available to any line

of business where it is needed. It is the total amount of equity that the company has and the payouts

policyholders can expect from the company that determine the fair market value of insurance.

This prediction must be qualified in the case of insurance groups, which consist of several insurers

operating under common ownership. If the members of the group are separate corporate entities and if the

group has not engaged in operating practices that permit claimants against a member of the group to

“pierce the corporate veil,” then claimants against a particular member would not have access to the equity

5The risk-adjusted discount rate, rd, is the discount rate which sets

In the limited liability case, taking the logs of both sides and solving for rd it can be seen that the risk-
adjusted discount rate is greater than the risk-free interest rate net of the line-specific liability growth rate.
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capital of other member companies or the parent company (see Easterbrook and Fischel, 1985).6  The

parent or other group members might voluntarily come to the aid of a group member facing insolvency to 

protect the reputation or franchise value of the group. However, because the probability of a bailout is less

than 1, the price of insurance for groups should tend to be less than the price for otherwise identical firms

which write all of their business out of a single corporate entity. Thus, after controlling for other factors,

prices in a cross-section of groups are likely to vary with the degree of dispersion of business across group

members.

Another real-world qualification of our principal theoretical result is provided by the existence of

insurance guaranty funds, which are designed to protect claimants against insolvent insurers by making up

the shortfall between assets and liabilities. (Guaranty funds are state mandated but industry operated

associations that obtain funds to pay claims by making assessments against the remaining solvent insurers.)

If the protection provided by guaranty funds were complete, then we would not expect insurance prices to

vary cross-sectionally with the insolvency put value. However, we argue that guaranty fund protection is

far from complete. Claimants against insolvent insurers encounter delays in receiving claim payments, tend

to incur higher transactions costs than for claims against solvent insurers, and forfeit the benefit of services

the insurer would have provided beyond paying the claim. All insurance guaranty funds include an upper

limit on the amount payable to any claimant ($300,000 in most states but as low as $100,000 in some

states), and questions have been raised about the general adequacy of the funds’ resources (see U. S.

General Accounting Office, 1992). Thus, even in the presence of guaranty funds, we predict that

insurance will be priced in the market as risky corporate debt.

6Although insurance groups are common in property-liability insurance, it is unusual for a member of
a group to write only one line of insurance. Group members usually tend to be multiple-line companies,
although they may specialize in a particular subset of lines, such as personal vs. commercial, or in particular
geographical regions.
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2.2. Hypotheses

This section develops testable hypotheses about the pricing of insurance in multiple line firms

on our theoretical model. The price of insurance is usually measured by the unit price, or ratio of

premiums to expected losses (e.g., Harrington, 1988, Winter, 1994, Gron, 1994). Using the notation

developed in section 2.1, the premium-to-liability ratio is defined as:

where Pij = the premium paid at time 0 for line i in company j,

Lij = the starting value for liability process for line i in company j,

= the instantaneous expected liability growth rate for line i in company j, and

Using the formula for the competitive-market premium, equation (12), we obtain:

where rf = the risk-free rate, and

In equation (14), the j subscript has been suppressed to simplify the notation.

based

(13)

(14)

(15)

Differentiating with respect to the asset-to-liability ratio yields the related prediction that the unit price of

insurance will be directly related to x. These results yield the first testable hypothesis.
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Hypothesis 1

In an informationally efficient, competitive insurance market, the price of insurance will
be inversely related to firm default risk.

Hypothesis 1 is consistent with the existing literature on the pricing of insurance in firms subject to

default risk. However, our model also yields predictions about insurance prices that differ markedly from

conventional predictions. These predictions are reflected in our second hypothesis, which concerns the

relationship between prices of insurance across lines of business for a given insurer.

Li/L, equation (14) can be simplified as follows:

(16)

From equation (16) we can see that differences in the premium-to-liability ratios across lines of business for

a given insurer can be explained by differences in the expected line-specific liability growth rates and the size

of the insolvency put relative to the total liabilities of the firm. Premium-to-liability ratios should vary across

lines as a function of the line-specific growth rates, but should not vary with respect to line-specific risk.

(17)

function. 7  The sign of expression (17) is ambiguous but is more likely to be negative for lines that

represent relatively high proportions of total liabilities. For the monoline insurer (w, = 1), (17) is

unambiguously negative.

This discussion suggests the following hypothesis:
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Hypothesis 2

The difference between premium-to-liability ratios across lines for a given insurer will be
equal to zero after controlling for overall firm risk and the expected liability growth rates
of the lines of business.

Hypothesis 2 is much different from the usual hypothesis in the insurance literature. Many prior

insurance pricing models predict that the differences between premium-to-liability ratios across lines of

business for a given insurer are a function not only of the line-specific liability growth rate but also of the

riskiness of the line of business. This prediction arises in both the actuarial literature (e.g. Daykin,

Pentikainen and Pesonen, 1994) and the financial literature (e.g., Myers and Cohn, 1987, Derrig, 1989). In

general, these results are obtained whenever there is either some explicit or implicit allocation of equity

capital to individual policies or lines of business. The model presented in this paper, on the other hand,

implies that prices reflecting the allocation of equity capital by line of business are likely to be inconsistent

with prices in informationally efficient, competitive insurance markets. It is the riskiness of the entire value

of the firm that is relevant, not the riskiness of individual lines of business.

As mentioned above, however, this hypothesis must be qualified for insurance groups, where

liabilities and equity are dispersed among two or more corporate entities rather than being held in a single

firm as assumed in the preceding analysis. Here the allocation of equity among members of the group does

matter because of the group’s option to permit an individual subsidiary to fail. This suggests a third

hypothesis:

Hypothesis 3

The price of insurance will be inversely related to the dispersion of liabilities among
subsidiaries that are separate corporations within an insurance group.

This hypothesis is consistent with the prior theoretical literature, e.g., Merton (1973), who shows that a

portfolio of warrants is worth more than a warrant on a portfolio consisting of the underlying stocks on

which the warrants are written. Analogously, a portfolio of insolvency puts on the members of a group has

a higher value than a put on a portfolio consisting of the stocks of the group members. Thus, dispersion of

14



business among corporate entities lowers the value of insurance to policyholders provided that there is a

non-negligible chance that the group’s owners will successfully exercise their option to allow a subsidiary

to default.

3. Data and Variable Definitions

This section discusses our data base and specifies the key variables needed to conduct the empirical

tests -- market-based measures of insurance risk and the price of insurance.

3.1. The Sample

Because our hypotheses require market value estimates of assets, equity, and firm risk, our sample

consists of publicly traded stock insurance companies. Ninety publicly traded insurers are included, for the

time period 1988 -1992.8 This is essentially the universe of traded stock insurers that met our selection

criteria, i.e., that the firm be either a property/liability insurance company or a multi-line insurer with at

least 25 percent of its premium revenues in property/liability insurance. Data on stock returns were

obtained from the NYSE/AMEX and NASDAQ CRSP tapes, and financial statement data were obtained

from the 10-K reports and the A.M. Best Company data tapes.9 Specific data items are discussed in more

detail in conjunction with the definition of variables used in the analysis.

3.2. Market-Based Estimates of Firm Risk

The model presented in section 2 suggests that the price of insurance will be a function of the

riskiness of the issuing firm. To test this hypothesis empirically, we extend the Ronn and Verma (1986,

8Because there were some entries and exits during the sample period, the ninety companies were not available
for all years of the sample period. The total number of observations is 315, including 54 companies available
for all five years and 45 observations on companies available for only part of the period. Empirical analysis of
the complete panel subset yielded qualitatively the same results as the analysis based on the sample of all
available observations.

9The A.M. Best data tapes report data from the regulatory annual statements filed by insurers with state
insurance departments and the National Association of Insurance Commissioners.
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1989) option pricing model methodology to derive market measures of the riskiness of the insurer. The

risk measures are then used to test the implications of the theoretical model.

In applying the Ronn and Verma methodology, we extend the previous literature in two important

ways. First, our approach allows us to obtain estimates of an insurer’s insolvency put which recognize that

the insurance company’s liabilities evolve as stochastic processes, whereas Ronn and Verma assume that

bank liabilities are non-stochastic. Second, we control for potential bias induced by the non-synchronous

trading observed in the stock of a number of the smaller companies in the sample. Non-synchronous

trading can significantly bias equity return volatility estimates and could therefore lead to an errors-in-

variables problem. See Lo and MacKinlay (1990) for an analysis of the effect of non-synchronous trading

on the time series properties of asset returns.

The Ronn and Verma methodology estimates the market value of the assets of the insurer, A, and

based on the formula for the owners’ equity call option:

(18)

(19)

where E = the market value of equity,

A = the market value of assets,

L = the nominal value of liabilities,

x = the asset-to-liability ratio= A/L,

= time until payment of loss liabilities,

rx= the risk-free interest rate net of the growth rates of the insurer’s liabilities (see equation (21)),
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parameters of the premium, surplus, and liability processes (see Appendix 1),

and d1 and d2 are defined above, following equation (17). The estimation of the other parameters in

equations (18) and (19) is discussed below. Our approach yields four major market-based measures of the

daily standard deviations of equity returns are based on the most recent 200 trading days before the end of

the year, while the weekly estimates are based on the most recent 40 weeks of weekly return data prior to

the end of the year. The daily measures were annualized by multiplying the daily standard deviation by the

square root of the number of trading days during the year, and the weekly measures were annualized by

multiplying by the square root of 52 weeks.

trading, while the second adjusts for non-synchronous trading using the procedure discussed in Smith

The market value of equity, E, for the insurance company was set equal to the market capitalization

of the firm as reported in CRSP for December 31 of each study year. The total liabilities of the firm, L,

were obtained from the consolidated balance sheets as reported in the firm’s 10-K form.10 The discount

rate, rx, for each company is (see Appendix 1 for the derivation):

10The value of liabilities implied by the theoretical model is analogous to the strike price in an option where
the strike price is stochastic. The strike price in our insurance model is the time 1 value of liabilities. The
expected value of this variable at time 0 is the starting value of the promised liability payments accumulated at
the liability growth rate rL and discounted at the risk-free rate rf. Thus, the appropriate value of L is the company’s
estimate at time 0 of the nominal liabilities at that time, i.e., the company’s stated loss reserves (analogous to the
face value of a bond issue). For more details see Cummins (1988).
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(21)

insurer’s total reserves in line of business I. The risk-free rate rf is the one-year Treasury yield rate from

Coleman, Fisher and Ibbotson (1989) for the years 1987-1988. For the years 1989-1992 the risk-free rate

used was the yield to maturity of one-year Treasury strips as reported in The Wall Street Journal.

was estimated as the average five year

growth rate of the total industry loss and loss adjustment expense reserve for each line of business reported

in the A.M. Best data tapes.11 For each study year, five-year growth rates for the period ending on

vary by insurer and are estimated from the loss reserve data by line reported in the A.M. Best data tapes.

All major lines of business were used, as reported by the A.M. Best Company. Smaller lines were grouped

together following the line groupings in Schedule P of the regulatory annual statement. The time to

Pennacchi, 1987, Ronn and Verma, 1986, D’Arcy and Garven, 1990).

3.3. Estimating the Price of Insurance

Two definitions of the price of insurance are used in this study: the premium-to-liability ratio and

the economic premium-to-liability ratio. Recall that the premium-to-liability ratio presented in the

theoretical model is equal to the premiums collected divided by the expected value of losses (see equation

(13)). However, even though the company is audited one period after policy issue, claim payout periods

for some types of insurance (e.g., liability insurance) span several time periods. To control for differences

in price resulting from inter-line differences in payout periods, tests also are conducted using the economic

11 The loss reserve is the company’s estimate of the nominal undiscounted value of its loss liabilities
anticipated liability payout date and thus coincides with the definition of L in the theoretical model.

at the
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premium-to-liability ratio, which is the ratio of the premiums to the expected value of losses discounted at

the risk-free rate (Winter, 1994).

More precisely, the premium-to-liability and economic premium-to-liability ratios used in our tests

are defined as follows:

(22)

(23)

where NPWij = net premiums written for line I, company j,

DIVij = policyholder dividends paid for line I, company j,

UEXij = underwriting expenses incurred for line I, company j,

NLIij = net losses incurred for line I, company j,

LAE ij = net loss adjustment expenses incurred for line I, company j, and

PWij = present value factor for line I, company j.

Because underwriting expenses vary significantly across lines of insurance and default risk pertains to the

expected loss component of the premium (the so-called pure premium), underwriting expenses are netted

when computing the premium and economic premium-to-liability ratios.

Two major line groupings were used -- long and short-tail lines -- giving two categories (weights)

for each company (line definitions are provided in Appendix 2).12 Lines of business that generally pay 90

percent of claims within three years were considered short-tail lines, while lines that take longer to close are

considered long-tailed lines. The present value factors used to discount the incurred losses and loss

12Grouping lines into long and short-tail categories is a standard procedure in the insurance economics
literature because long and short-tail losses and profits often behave differently whereas intra-category differences
are much less pronounced. Grouping has the benefit of preserving degrees of freedom.
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adjustment expenses in equation (23) are obtained by first estimating loss payout proportions for long and

short-tail lines and then weighting the payout proportions by the appropriate present value factors based on

the estimated U.S. Treasury yield curves discussed above.13

Observations with premium or economic premium-to-liability ratios less than 0 or greater than 5

were eliminated. Such extreme ratios tend to be indicative of insurers that are exiting lines of business.

Also, observations for which there was only partial data available were eliminated. This left a sample of 71

companies with 315 observations over the time period 1988-1992. The companies included in the sample

are listed in Appendix 2.

4. Empirical Tests

The implications of the model presented in section 2 are investigated by conducting several

empirical tests. This section first presents summary statistics for the variables used in the empirical

analysis. We then present the results of tests of our hypotheses about price differences across insurers and

for different lines of insurance within insurers. Finally, we test the reasonableness of the model by

examining its ability to predict actual aggregate premium levels and premium-to-liability ratios by line of

business.

4.1. Summary Statistics

Table 1 reports summary statistics for the variables used in the study. The average book value of

assets for the firms in the sample is $7.8 billion and the average market value of assets is $8.0 billion. The

average long-tail premium-to-liability ratio (net of underwriting expenses) is 0.93 and the average long-tail

13The loss payout proportions were estimated using the method that the Internal Revenue Service requires
insurers to use to discount losses for tax purposes (see Cummins, 1990). The estimates are based on industry
aggregate data from Schedules O and P of the regulatory annual statement as reported in Best’s Aggregates and
Averages (1986-1993). The regulatory statement aggregates some of the minor lines of insurance into composite
lines rather than reporting them separately. For instance, aircraft, boiler and machinery, and ocean marine
insurance are combined and reported as special liability. For the composite lines, the present value factor
calculated using the composite data is applied to each component constituting the composite line.
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economic premium-to-liability ratio is 1.12. For short-tail lines, the average premium-to-liability and

economic premium-to-liability ratios are 1.18 and 1.24, respectively. The long-tail ratios may be lower

than the short-tail ratios because the liability growth rates are higher in the long-tail lines and because long-

tail lines are more responsive to insolvency risk. The latter relationship is discussed in more detail below.

The unadjusted annualized volatilities of the equity returns based on the daily and weekly data are

0.379 and 0.318, respectively. The adjustment for non-synchronous trading reduces the mean annualized

volatility estimates to 0.290 and 0.269 for daily and weekly data, respectively. The average implied

upon weekly data. Controlling for the non-synchronous trading reduces these estimates to 0.086 and 0.080

for daily and weekly data, respectively. These implied volatility estimates tend to be higher than the

estimates reported in the literature for commercial banks. For example, Ronn and Verma report the

average implied annualized standard deviation of asset returns for a sample of 43 banks in 1987 as 0.017.

Cordell and King (1995) report the standard deviation of asset returns for samples of 302 commercial

banks and 173 savings and loans in 1990 to be 0.022 and 0.013, respectively. The most likely reason for

the higher volatility estimates for the insurance companies is the riskier nature of insurer liabilities. Insurers

also invest a higher proportion of their assets in equities than do banks.

The average value of the insolvency put based upon daily data is $1.07 million.14 After controlling

for non-synchronous trading, the average value of the insolvency put based upon daily data falls to $0.797

million. The unadjusted and adjusted estimates of the average insolvency put per dollar of liabilities based

upon daily data are 0.45% and 0.15%, respectively. There is significant variation in the put value among

the firms in the sample, from near zero to 10.75 percent of liabilities (based on daily data after adjusting for

nonsynchronous trading).

l4We only report figures based upon daily data to conserve space and because the shorter time interval is
preferable when estimating instantaneous volatility parameters.
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The average book and market value asset-to-liability ratios are 1.38 and 1.53, respectively. The

market value asset-to-liability ratio based upon daily data after controlling for non-synchronous trading,

MVLARNT, ranges from 0.99 to 3.54 while the corresponding range for the asset-to-liability ratio based

upon book data, BVLAR is 1.00 to 2.28. This suggests that investors are, as predicted, re-valuing the

assets and liabilities on the balance-sheets at market values and also valuing other items not recorded on the

balance sheet. It is also interesting to note that the market derived asset-to-liability ratios reported here for

insurers are much higher than the ratios reported for commercial banks. Cordell and King (1995) report

market derived asset-to-liability ratios averaging about 1.06 for their sample of commercial banks and 1.03

for their sample of savings and loans.

4.2. Price Variability Across Insurers

To test the hypothesis that the price of insurance is inversely related to the riskiness of the firm

(Hypothesis 1), the following regression is estimated

(24)

where KPRit =

LPUTNTit =

LPUTNT2 it =

RPCK it =

COHERF it =

the premium-to-liability ratio for company I in year t for line category K,

K =     L, S, where L = long-tail lines and S = short-tail lines,

ratio of the insolvency put (based on daily data after adjusting for non-synchronous

trading) to total liabilities for company I in year t,

LPUTNT it

2,

the liability growth rate for line category K, K= L, S, and

Herfindahl index for the concentration of liabilities among members of insurance

The regressions were run separately for long-tail lines and short-tail lines because the pricing relationships

may vary somewhat between the two major classes of business.
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The risk measure used in these regressions is the estimate of the firm’s insolvency put divided by

the total liabilities of the firm. This is the theoretically most appropriate variable because it captures all

of the factors that determine the overall riskiness of the firm.15 The expected sign of this variable is

negative. The reported regression results are based on the variable LPUTNT, which incorporates the daily

estimates of the implied volatilities of the firms, adjusted for non-synchronous trading (SIGMANT).

Regression results using other estimates of the insolvency put were similar. We also included the LPUTNT

variable squared, LPUTNT2 to control for the possibility of a non-linear relationship between the put

variable and the premium-to-liability ratio. We also report regressions where LPUTNT2 is excluded from

the model.

In addition to the insolvency put, differences in the liability growth rates across companies are

predicted to affect the price of insurance. As reported above, we estimate growth rates by line based on

industry-wide data in order to smooth out idiosyncratic fluctuations among firms that are unlikely to be

incorporated in expectations. We vary the growth rates across firms by computing firm-specific growth

rates equal to the loss reserve weighted average of the industry-wide growth rates by line. The firm-

specific growth rates thus reflect each firm’s mix of business across lines. Two weighted average growth

rates are estimated for each company: RPCL for long-tailed liabilities and RPCS for short-tailed liabilities.

The expected sign on these variables is ambiguous (see expression (17)). However, for most reasonable

parameters values we hypothesis that the estimated coefficient will be negative.

Finally, we include the Herfindahl index measuring the concentration of liabilities among members

of insurance groups. Higher values of the index imply less dispersion of liabilities among group members,

with a value of 1 implying that all liabilities are concentrated in a single company (i.e., the company

consists of a single corporate entity with no subsidiaries). This variable is used to test the “corporate veil”

15Regressions were also run where a volatility measure of the firm and the market-value leverage measure
were substituted for the insolvency put variable and similar results were obtained.
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hypothesis (Hypothesis 3), i.e., other things equal, default risk is less if liabilities are highly concentrated

rather than widely dispersed among different corporate entities within the group. Thus, the expected sign

of this variable is positive.

Because the error structure is likely to differ among the companies in our sample, panel data

methods were used to estimate the models. Both fixed and random effects versions of equation (24) were

estimated, with the fixed effects version including both year and company effects. The models were

estimated for the entire sample of companies and for the complete panel of companies available for the

entire sample period. The results are robust to the choice of sample. Accordingly, we report only one set

of results, based on the entire sample.

The regression results for the fixed effects specification based on equation (24) are reported in

Table 2. The results provide support for Hypotheses 1 and 3. In the regressions for the long-tail lines,

where the squared value of the insolvency put variable is excluded, the coefficient of the insolvency put risk

variable (LPUTNT) is negative, as predicted by the model, and statistically significant at the 1 percent level

or better. Inclusion of the squared value of put variable (LPUTNT2) reduces the significance of the put

variable (LPUTNT) and reduces the adjusted-R2. In addition, the coefficient of the squared put variable is

not statistically significant. Thus, the quadratic specification does not seem appropriate for the long-tail

lines; and, on balance the results are supportive of Hypothesis 1, i.e., that price is inversely related to

default risk. Likewise, the coefficient of the company liability Herfindahl index is positive and significant

in all long-tail regressions, supporting Hypothesis 3 and suggesting the presence of a market price penalty

for dispersion of business across members of insurance groups. The liability growth rate is negative and

significant in all of the long-tail regressions.

The results are similar for the short-tail lines, with the exception of the insolvency put variable. In the

versions of the regressions that exclude the squared value of the put variable, the coefficient of the insolvency

put variable is positive, contrary to expectations, and not statistically significant. When the squared value of
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the put variable is included in the equations to allow for non-linearity, the coefficient of the put variable is

negative as expected and statistically significant at the 5 percent level or better. In addition, the squared value

of the put variable has a statistically significant positive coefficient. Thus, we find evidence of a non-linear,

inverse relationship between price and the insolvency put for the short-tail lines. Although the quadratic

specification introduces the possibility that the net effect of the put value could be positive for some

observations, only two of the 315 observations in the sample have values of the put variable in the range where

the partial of the price with respect to the put is positive. Thus, the quadratic specification provides further

support for Hypothesis 1. Hypothesis 3 is also supported for the short-tail lines.

The random effects versions of the model are reported in Table 3. We report Hausman chi-square

statistics to test the null hypothesis that random effects are appropriate against the alternative hypothesis that

the model is characterized by fixed effects. These tests do not reject the null hypothesis that random effects

are appropriate except at the 10 percent level for the long-tailed runs where the dependent variable is the long-

tailed premium-to-liability ratio, LPRE. Thus, the random effects models are, in general, more appropriate

that the fixed effects models.

The random effects results are similar to the fixed effects results except that the coefficient of the

squared put value (LPUTNT2) is positive and statistically significant in the long-tail runs, suggesting the

presence of a non-linear relationship for the long-tail lines. In the quadratic specifications, all companies have

values of the put variable in the range where the partial of the price with respect to the put variable is negative.

Thus, both the quadratic and non-quadratic specifications support Hypothesis 1 for the long-tail lines.

As in the fixed effects regressions, the quadratic random effects regressions support Hypothesis 1

for the short-tail lines, while the regressions including only the first-order put variable do not support the

hypothesis. However, in view of the strong evidence of a non-linear relationship for the short-tail lines and

the fact that none of the observations are in the range where the quadratic specifications would suggest a

positive relationship between price and the put, the short-tail random effects regressions provide further
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support for Hypothesis 1. The random effects regressions also consistently support Hypothesis 3 for both

the long and short-tail lines, i.e. dispersion of business among subsidiaries is inversely related to price.

The support in the regressions for Hypothesis 1 tends to confirm the anecdotal evidence that

guaranty fund protection is less than complete. However, the existence of guaranty funds may provide an

explanation for the more pronounced non-linearity in the short-tail lines than in the long-tail lines, which

suggests that the marginal effect of increases in the insolvency put diminish more rapidly for the short-tail

lines. Short-tail claims (such as automobile property damage claims) tend to be smaller on average than

long-tail claims (such as bodily injury liability claims), so that claimants are more likely to reach the

guaranty fund claim cap for long-tail than for short-tail claims. The insurer’s claims adjustment services

also are more important in the long-tail liability lines because they involve providing a legal defense. In

general, financially sound insurers are likely to provide higher quality legal defense services than the

individual can acquire on his or her own by shopping the market for lawyers, because insurers tend to have

superior information about the skills of defense attorneys. Finally, because long-tail claims settle more

slowly and, for liability coverages, may not be filed until long after the policy period has ended (the so-

called incurred but not reported claims), the long-tail claimant or policyholder runs more risk of having a

claim denied due to the “late-filing” provisions of guaranty fund laws (see National Association of

Insurance Commissioners, 1993). Thus, we expect the relationship between the put and price to differ

between the long-tail and short-tail lines.

The strong support for Hypothesis 3 provided by our empirical analysis also is noteworthy. Even

though it is well-known that a parent corporation has the option to allow a subsidiary to fail (e.g.,

Easterbrook and Fischel, 1985), we are aware of no prior research providing an empirical link between this

option and the cost of debt capital. Our results suggest that the option has significant value that is

recognized in the market for insurance.
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4.3. Intra-Insurer Cross-Line Price Variability

We next investigate the hypothesis that premium-to-liability ratios are equal across lines of business

within the same insurer after accounting for overall firm risk and differences in line-specific liability growth

rates (Hypothesis 2). The dependent variable for this test is the natural logarithm of the ratio of the

economic premium-to-liability ratio for the short-tail lines to the economic premium-to-liability ratio for

the long-tail lines. The economic premium-to-liability ratio is used rather than the premium-to-liability

ratio to control for the loss payment timing differences between the lines of business.

We first conduct a simple t-test of the null hypothesis that the logarithm of the short-tail to long-tail

economic premium-to-liability ratio is equal to zero (i.e., that the ratio is equal to 1) by computing the

mean and standard deviation of the ratio across the observations in our sample.16 Since these tests do not

account for differences among lines in liability growth rates and do not explicitly control for firm risk, we

expect to reject the null hypothesis. To test the hypothesis controlling for these factors, we estimate the

following regression:

where KEPREit = the economic premium-to-liability ratio for company I and year t, K = S = short-tail and
K = L = long-tail.

Equation (25) controls for both firm-specific default risk and short-tail and long-tail liability growth rates.

The null hypothesis is that the intercept is equal to zero. Failure to reject the null hypothesis would provide

support for Hypothesis 2, that prices across lines within a firm depend only on overall firm risk, not the risk

of the individual lines.

16As in the tests reported above, we include all valid observations, i.e., we do not require firms to be present
in all years of the sample period. Tests based on the subset of firms with data for all years yielded similar results.

27



Equation (25) was estimated using both fixed and random effects. Because some important lines

of insurance such as workers’ compensation and private passenger auto insurance are subject to price

regulation in many states, we conduct the tests both including and excluding data from the most heavily

regulated lines, based on the rationale that price regulation can prevent prices from reaching their

competitive equilibrium levels (e.g., Grabowski, Viscusi, and Evans, 1989, Harrington, 1987).

The results are presented in Table 4. We first consider the test results for all lines of insurance,

reported in the top half of Table 4. As expected the null hypothesis that the dependent variable is equal to

zero is rejected based on the simple t-test. In the fixed effects regression, the null hypothesis that the

intercept is equal to zero is rejected at the 10 percent level. However, we cannot reject the null hypothesis

based on the random effects regression, and the Hausman test (Chi-square statistic) fails to reject the

hypothesis that the random effects specification is superior to the fixed effects specification. Thus, on

balance, the results support Hypothesis 2.

As suggested above, the all lines results may be distorted by price regulation. The primary effect of

regulation is on private passenger auto insurance and workers’ compensation insurance.17 Thus, to further

investigate Hypothesis 2, the relevant variables were recalculated after removing private passenger

automobile and workers’ compensation insurance. The results are shown in the lower half of Table 4. As in

the case of the all lines results, the null hypothesis that the short and long-tail economic premium-to-liability

ratios are equal is rejected based on a simple t-test. However, we cannot reject the null hypothesis based on

either the fixed or the random effects regressions. Thus, after controlling for regulation, we find clear

support for Hypothesis 2. Besides suggesting that regulation distorts prices, our findings imply that pricing

17Both lines of business are characterized by large involuntary markets in many states and there are often
threats of private insurers abandoning the market due to inadequate rates. Harrington (1987) and Grabowski,
Viscusi and Evans (1989) found that rate regulation held premium-to-liability ratios for automobile liability
insurance below competitive levels during the mid-1980’s. Evidence on the effects of regulation on workers’
compensation insurance prices is provided by Carroll (1993).
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methods based on allocations of equity by line of insurance are not consistent with insurance prices

observed in the market place.

4.4. Accuracy Tests

To provide a general indication of the reasonableness of the model, we also test the performance

of the model in predicting actual premium levels and economic premium-to-liability ratios. We use the

premium equation (equation (12)) to predict aggregate pure premium levels by line and compare our

forecasts with observed premiums net of expenses and policyholder dividends. All of the parameters

needed to predict premiums using the model were estimated in conjunction with the tests of the hypotheses

except the starting (time 0) values for the liability processes. We estimate the starting values for each year

of the sample as the previous year’s net losses incurred. To predict economic premium-to-liability ratios,

we use equation (23) with our pure premium forecasts in the numerator and the discounted starting value

of losses in the denominator. The predicted ratios are compared with actual economic premium-to-liability

ratios in the following period.

The test proceeds by estimating the predicted values of aggregate premiums by line for each

company and each year of the sample period and then comparing the results to the company’s actual

aggregate premiums by line. (For a given company, the parameters that vary by line are the line-specific

liability growth rate and the starting value of loss liabilities.) To measure predictive accuracy we use Theil’s

U statistic, which is essentially scale free. That is, it provides a relative rather than an absolute measure of

the model’s accuracy. The statistic is defined as follows:

(26)
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(27)

and Pij and Pij

* are equal to the predicted and actual premium volumes, respectively, for line of business

premium-to-liability ratios. High values of U (near one) are indicative of poor forecasting performance,

while low values (closer to zero) are indicative of accurate forecasts.

The prediction error measured by Theil’s U can be decomposed into three parts as follows:

(28)

(29)

(30)

These three statistics, known as the proportions of inequality, measure three different aspects of the

predictive performance of the model. UM measures the bias proportion, i.e., the extent to which the

average value of the predicted values deviate from the actual values. Ideally, UM should be as close as

possible to zero. US is known as the variance proportion. It measures the ability of the model to replicate
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the same variability in the predicted values as in the actual values. Like the bias proportion, the smaller the

value of US, the greater the ability of the model to accurately predict the actual series. The third statistic,

UC, is known as the covariance proportion. It represents the remaining error that is left in the model after

deviations from the average values have been accounted for. It can be shown with some algebra (see

Pindyck and Rubinfeld, 1991) that UM+US+UC must equal one. Therefore, the ideal values of the three

statistics are UM= US= 0 and UC= 1.

The results of the Theil’s U tests are reported in Table 5.18 The premium accuracy tests indicate

that the model is highly accurate in predicting aggregate premiums by line. The value of U is 0.12 for

short-tail lines and 0.10 for long-tail lines. UM and US are low (below 0.15) and UC is high (above 0.74).

The results are especially strong for the long-tail lines where UM and US are .01 and UC is 0.99 (due to

rounding the proportions do not add to 1.0). The U values for the economic premium-to-liability ratios

tests are also relatively low (0.26 and 0.23 for short and long-tail lines, respectively) although about twice

as high as for aggregate premiums. This is to be expected, as it is usually more difficult to predict ratios.

Again, the decomposition of U supports the conclusion that predictive performance is high, especially for

long-tail lines. This reinforces the finding reported above that long-tail lines are more responsive to default

risk than short-tail lines.

5. Conclusion

This paper develops a financial pricing model for multiple line insurers subject to default risk. It

overcomes the principal limitations of prior financial pricing models for insurance, which either apply to

mono-line insurers or require the allocation of equity capital by line. Using an option pricing framework,

18Note that the time period used here is one year shorter. This is a result of not having any net premium data
by line before 1988. All observations are included except those observations which report actual negative
premium volumes, those which report premium-to-liability ratios greater than 5. This left a sample of 65
companies and 251 observations.
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we show that the informationally-efficient, competitive market price of insurance for a given line of

business depends on the overall risk of the firm rather than the risk of the individual line being priced. This

rather remarkable result is due to the fact that it is not the equity of the insurer but rather the expected cost

of insolvency that should be allocated to the various divisions of the firm.

The model yields two primary empirical predictions: (1) the price of insurance should be inversely

related to firm default risk, and (2) price of insurance across lines of business for a given insurer should be

equal after controlling for default risk and line-specific liability growth rates. In addition, we hypothesize

that the price of insurance should be inversely related to the dispersion of business among the subsidiaries

of an insurance group because the “corporate veil” doctrine provides a valuable default option to the

owners of an insurance group by preventing (in most cases) claimants against an insolvent subsidiary from

reaching the assets of other subsidiaries or the parent corporation.

The empirical tests support the predictions of the model. In tests of price differences across

insurers, it is shown that the price of insurance is inversely related to the riskiness of the firm, supporting

Hypothesis 1 and confirming anecdotal evidence that guaranty fund protection is less than complete. This

inverse relationship is stronger for long-tail lines of business than for short-tail lines, suggesting that the

default premium increases the longer the payout tail. Line specific growth rates are shown to have a

statistically significant effect on the price of insurance, consistent with the theoretical model. We also

provide evidence that the premium-to-liability ratio is inversely related to the dispersion of business among

subsidiaries suggesting that the parent’s or group’s option to allow a subsidiary to fail has significant value

that is recognized in the market for insurance.

We also examine price differences across lines of business within the same insurance company.

Empirical support is provided for the hypothesis that the economic premium-to-liability ratios for a given

insurer are equal across lines of business, after controlling for line-specific liability growth rates. The
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model was shown to be remarkably accurate at predicting premium levels and economic premium-to-

liability ratios by line of business.

The empirical evidence is broadly consistent with the view that insurance markets are

informationally efficient and competitive and that price regulation has a distorting effect on the relative

prices among lines of insurance. This provides further support for the argument that regulation is likely to

have adverse effects on resource allocation and the quality and availability of insurance. The results also

suggest that there is likely to be a market reward for the development and adoption of improved risk

management techniques that enable insurers to efficiently reduce their default risk. This is an important

message at a time when insurers are increasingly exploring innovative financial risk management techniques

such as securitization, derivatives, and advanced asset-liability management methods.

One important avenue for future research would be to evaluate the pricing problem in a multi-

period setting. The present model implicitly assumes that total incurred losses are known with certainty at

the end of the policy period, but this may not be realistic for long-tail lines. Another important

improvement of the model would be to incorporate catastrophic (jump) risk. The latter extension could

improve the ability of the model to predict prices for short-tail property lines that are subject to natural

hazards such as hurricanes and earthquakes.
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Appendix 1

This appendix will develop a financial pricing model which can be used to value the options of a
two-line insurance company. The analysis to n lines of business is straight forward.

Assume there are two time periods, time 0 and time 1. The insurance company consists of two lines
of business and equityholders. At time 0 premiums of P i  are collected from policyholders for line i, where
i=l,2. The equityholders of the firm contribute surplus of G. Let A(0)=P1+P2+G be the market value of the
assets of the company at time 0. Because of imperfect contracts, the premiums and the surplus are all paid
at time 0 to avoid the possibility of nonpayment after the losses have been realized at time 1. In return for
premiums, the insurance company agrees to underwrite the expected liability payments for each line of
business, Li.

The premiums for each line of business and the surplus will be invested. Assume the market value
of the premiums, surplus and liabilities evolve according to the following stochastic processes:

(A.l)

(A.2)

(A.3)

where Pi, G, Li = invested premiums, invested surplus, and liabilities for line i, respectively,
= instantaneous drift on invested premiums and liabilities for line i

liabilities for line i, and

Both assets and liabilities are assumed to be priced according to an intertemporal asset pricing
model, such as the intertemporal capital asset pricing model (ICAPM). The ICAPM implies the following
return relationships:

Since we have assumed that the invested assets and liabilities are priced according to the ICAPM, the risk
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coefficient between the Brownian motion process for asset or liability i and the market portfolio.

The value of any divisional option, either the divisional call option or the divisional put option, can

and invoking the ICAPM pricing relationships for the premiums and liabilities yields

been eliminated by using the ICAPM and taking expectations. It is also possible to do this by using a
hedging argument, such as the one used by Fischer (1978). However, this assumes that the appropriate
hedging securities are available.

The next step is to use the homogeneity property of the options model to change variables so that
the model is expressed in terms of the premium-to-liability ratio, xi=Pi/Li, and the option value-to-liability
ratio hi=Hi/Li. The result is the following differential equation:

where rf = risk-free rate of interest

Equation (A.5) is the standard Black-Scholes differential equation, where the optioned asset is the
premium-to-liability ratio for line i. To obtain the value of any specific claim on a division of the firm one
would solve (A.5) subject to the appropriate boundary conditions. For example, the value of the option
held by the equityholders of the firm which entitles them to the residual value of the division after all claims

The process to find the value of any contingent claim on the entire firm is very similar to the
methodology used to determine the value of the divisional options. The value of an option on the entire

invoking the ICAPM pricing relationships yields

(A.6)

where A is a vector equal to

(A.7)

and matrix V is equal to
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(A.8)

Note, the risk and drift parameters have again been eliminated by using the ICAPM pricing relationships
and taking expectations. The next step is to use the homogeneity property of the options model again. This
time we want to express the model in terms of the asset-to-liability ratio x=A/L where A=P1+P2+G and L =

lognormally distributed random variables are lognormally distributed, e.g., that L1+L2 can be approximated
by a lognormal diffusion process. The assumption about the additivity of lognormals is routinely used in
the discrete time option pricing literature (e.g., Stapleton and Subramanyam (1984)). The result is the
following differential equation

(A.9)

Equation (A.9) is the standard Black-Scholes differential equation, where the optioned asset is the asset-to-
liability ratio of the entire firm, x.
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Appendix 2

Publicly Traded Property-Liability Insurance Companies Included In the Sample
Aetna Foremost Corp of America Orion Capital Corp.
ALFA Corp
Allied Group Inc
American Bankers Insurance
American Indemnity
American International Group
Argonaut Group Inc
AVEMCO Corp
Baldwin & Lyons
Berkley (WR) Corp
Berkshire Hathaway
Cigna
CNA
Capitol Transamerica
Chubb
Cincinnati Financial
Citation Insurance Group
Citizens Security Group
Condor Services Inc
Continental Corp
Danielson Holding Co
Donegal Insurance Group
EMC Insurance Group
First Central Financial

Fremont General
Frontier Insurance
GEICO
GAINSCO
General RE Corp
Hanford Steam and Boiler
Independent Ins. Group
Kemper Corp
Lawrence Insurance Group
Lincoln National
Merchants Group
Mercury General Corp.
Meridian Ins Group
Milwaukee Ins Group
Mobile America Corp.
Nac RE Corp
Nymagic Corp
National RE
National Security Co.
Navigators Group
North East Ins Co.
Ohio Casualty
Old Republic International

Phoenix RE Corp.
Piedmont Management
Progressive Corp
RLI Corp
Reliance Corp
Riverside Group
Scor US Reinsurance
SAFECO
St. Paul Companies
Seibels Bruce Group
Selective Insurance
State Auto Financial
TTransamerica
Travelers Corp
20th Century Industries
USFG
United Fire and Casualty
United State Facilities
Unitrin Inc
Victoria Financial
Walshire Assurance
Zenith National Insurance

Line of Business Definitions
Short-tailed Lines Long-Tailed Lines

Fire Farmowners Multiple Peril
Allied Lines Homeowners Multiple Peril
Mortgage Guaranty Commercial Multiple Peril
Inland Marine Ocean Marine
Financial Guaranty Medical Malpractice
Earthquake International
Fidelity Reinsurance
Surety Workers Compensation
Glass Other Liability
Burglary and Theft Products Liability
Credit Aircraft
Automobile Physical Damage Boiler and Machinery

Automobile Liability
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