T HE D EMAND F OR R EINSURANCE : T HEORY AND E MPIRICAL T ESTS by

James R. G

ARVEN *

Department of Finance

Graduate School of Business Administration

The University of Texas at Austin

Austin, TX 78712

Phone/fax: 512-794-0338

Email: jgarven@mail.utexas.edu

A BSTRACT . This paper investigates the valuation effects ofreinsurance purchases in a contingent claims framework. The comparative statics ofthe modelsuggest that, other things held constant, the demand for reinsurance willbe greater, 1) the higher the firm’s leverage, 2) the lower the correlation between the firm’s investment returns and claims costs, 3) for firms which write

"longer-tail" lines ofinsurance, and 4) the more the firmconcentrates its investments in taxfavored assets. These predictions are tested in an empiricalanalysis ofthe reinsurance behavior of

U.S. property-liability insurance firms during the 1980’s.

* This paper has benefited fromthe helpfulcomments ofPat Brockett, David Cummins, Neil

Doherty, HenriLoubergé, Bob Witt, and seminar participants at The UniversityofPennsylvania, the Risk TheorySeminar, and the American Risk and Insurance Association. The author gratefullyacknowledges the support ofthe Gus S. WorthamChair at the UniversityofTexas at

Austin in making the A. M. Best data available for use in this study. Please do not quote without permission. Comments are welcome.

T HE D EMAND F OR R EINSURANCE : T HEORY AND E MPIRICAL T ESTS

1. I

NTRODUCTION

Like most business firms, insurance companies issue stock and/or other liabilities in order to raise capitalfor operations. However, insurance companies are different fromother firms because theycreate explicit liabilities whenever theysell insurance policies. Indeed, most ofa typical insurer’s liabilities are held byits policyholders. An insurer’s success depends not onlyon charging adequate rates to cover costs, but also on providing credible assurances to policyholders that claimpayments willbe made. This is a consequence ofthe nature ofthe insurance business, since a policypays offin the joint contingencythat the insured loss event occurs and the insurance companyis financiallysolvent. Such assurances can be crediblyprovided bya number of mechanisms, including the commitment of adequate surplus and the purchase of reinsurance.

When an insurer purchases reinsurance, it effectivelyreduces its leverage. Therefore, an insurer’s reinsurance decision is essentiallya capitalstructure decision that shares a number of conceptualsimilarities to the capitalstructure decision ofa nonfinancialfirm. In spite ofthese similarities, the problemofoptimalreinsurance has onlyreceived limited attention in the financial economics literature. 1 Although this problemhas been carefullyscrutinized in the insurance literature, that particular literature tends to view survivalas a primarycorporate objective and therefore does not provide an appropriate framework for analyzing the problem. 2

Modigliani-Miller type propositions have been derived for insurance companies that, quite naturally, closelyresemble their nonfinancialcounterparts. For example, Garven (1987) shows

1 See Doherty and Tinic (1981) and Mayers and Smith (1981, 1990).

2 Although it is the most common approach used in corporate finance models, value maximization is rarelydefined as the corporate objective function in the insurance literature. Instead, insurance theorists typicallyassign risk averse utilityfunctions to firms as if theywere individuals. This particular characterization of the firm has been criticized for failing to provide an adequate basis for modeling the influence of competitive capital markets upon the firm’s behavior (see Garven (1987)), and it ignores the "nexus of contracts" nature of the firm (see Jensen and

Meckling (1976)).

that, absent taxes and contracting costs, capitalstructure decisions ofinsurance companies are irrelevant. In the presence ofa corporate income tax, insurers willemployas little surplus as possible. These results obviouslyimplythat either reinsurance willnot "matter," or that its purchase willserve onlyto reduce the value ofthe firmbyreducing the value ofits leveragerelated tax benefits.

A number ofalternative motivations for reinsurance have been previouslysuggested in the literature. Dohertyand Tiniç (1981) show that reinsurance is irrelevant ifthe pricing ofinsurance is inelastic with respect to the insurer’s ruin probability. However, ifinsurance prices are sensitive to default risk, then policyholders paya lower (higher) price for a policywhen the probabilityof default on the part ofthe insurer is high (low). 3 Mayers and Smith (1981) suggest that agency costs mayalso be important. Like lenders in the bond market, policyholders face incentive problems in the insurance market. These incentive problems arise because shareholders maybe able to effect wealth transfers between policyholders and themselves byaltering various aspects of the firm’s investment, underwriting or dividend policies after issuing insurance. However, since policyholders recognize the incentives faced byshareholders, the prices theyare willing to payfor the policies should reflect unbiased estimates ofthe expected behavior ofstockholders.

Furthermore, the greater the firm’s leverage, the greater willbe the magnitude ofthese agency costs borne byshareholders. Since the purchase ofreinsurance effectivelyunlevers the firm, it also reduces agencycosts that would otherwise be borne byshareholders in the guise oflower insurance premiums. Garven (1987) argues that in order for insurer capitalstructure decisions

(including the decision to reinsure) to "matter" in anymeaningfulsense, factors such as underutilized tax shields and costs related to financialdistress (such as agencyand bankruptcy costs) must be present.

3 Although Dohertyand Tinic don’t employcontingent claims analysis, their pricing predictions have been subsequentlyconfirmed bythe contingent claims models of Dohertyand Garven (1986) and Cummins (1988).

Contingent claims models viewriskyinsurance as the economic equivalent of safe insurance minus the value of a

"limited liability" put option (see Garven (1992)).

The purpose ofthis paper willbe to set forth a theoryofthe demand for reinsurance that views reinsurance as both a leverage and risk management mechanism. A contingent claims framework is adopted, since this makes it possible to explicitlymodelthe impact that reinsurance has upon the various leverage-related costs that the firm mayincur. Consequently, the paper is organized in the following manner. In Section 2, a valuation model is presented which considers the various costs and benefits ofreinsurance purchases in a contingent claims framework. Section

3 outlines various testable hypotheses that are yielded fromthe comparative statics ofthe model.

Section 4 presents evidence froman empiricalstudyofthe reinsurance behavior ofU.S. propertyliability insurance firms during the 1980’s. Section 5 concludes.

2. V

ALUATION E FFECTS OF R EINSURANCE P URCHASE D ECISIONS

Next, a single period valuation model is developed which provides the basis for a formal analysis ofthe demand for reinsurance. The firm is assumed to be formed at the beginning ofthe period for the purpose ofmaximizing the market value ofits equity, or surplus. A homogeneous set ofinsurance policies are issued for which the insurer receives premium income P . Some proportion ofthe resulting liabilities is reinsured at a cost of P r dollars. Surplus ( S 0 ) and premium income net ofreinsurance ( P n ) are allocated to an investment portfolio composed of financial assets. At the end ofthe period, the firm’s cash flows from its investment, underwriting, and reinsurance activities are realized.

Since the primaryconcern ofth is paper is with the valuation effects ofthe reinsurance decision per se , the underwriting and investment decisions are treated as given. Therefore, the firm’s problem is to select the optimal levelofreinsurance for the policies it has decided to underwrite. Without loss ofgenerality, the modelwillonlyconsider the case ofquota share reinsurance.

Next, the assumptions and notation that will be needed are presented.

The Demand for Reinsurance: Theory and Empirical Tests 5

2.1. Model Assumptions

1. Financial markets and insurance markets are perfectly competitive.

2. Insurance (reinsurance) is risky (default-free).

3. Investors’ utilityfunctions exhibit constant absolute risk aversion and investment returns, claims costs, and terminal wealths are multivariate normally distributed.

Some explanation ofthe modelassumptions is warranted. Assumptions 1 and 3 are required in order to justifythe use ofthe discrete time contingent claims model. 4 Assumption 2 is made for the sake ofanalytic simplicity. Essentially, ifreinsurance is risky, then the ceding insurer’s policies become compound rather than simple options because their payoffs are functionallyrelated to the default risk of both the ceding insurer and its reinsurer.

2.2. Model Notation

The following notation will also be needed:

a = the proportion ofthe firm’s liabilities that are to be reinsured, a Î [0,1] (the firm’s

decision variable);

p ( a ) = default cost function, p ’( a )<0;

P ( a ) = P - p ( a ) = gross premium income, P ’( a ) > 0; 5

P r = the price ofa reinsurance contract that completelyinsures the firm’s liabilities, paid at

t=0;

P n ( a ) = P ( a ) - P r = net premiums written, P n ( a ) < 0; 6

4 Brennan (1979) notes that the discrete time model is particularlyappropriate when valuing non-traded claims

such as the firm’s taxable income. Also see Doherty and Garven (1986).

5 In the expression P ( a ) = P - p ( a ), P is the gross premium income which would obtain in a default-free setting in

which all tax shields are fullyutilized. Its value is therefore equal to E ( L )/(1- E ( r u )), where E ( r u ) = - kr f (1- qt )/(1- t )

+ b u [ E ( r m ) - r f ] + ( V e / P 0 ) r f ( qt /(1- t )) (see Garven (1987), section 2.2. for the development of this particular

formula). P ’( a ) > 0 because higher values of make it possible for the firm to charge higher premiums.

A ( a ) = S 0 + kP n ( a ) = the insurer’s beginning-of-period assets, A’ ( a ) < 0;

k = the funds generating coefficient, or average claim delay;

q = the proportion of the firm’s investment income that is subject to taxation; q Î [0,1];

f ( r p , L ) = bivariate normaldensityfunction governing the insurer’s investment returns ( r p )

and claims costs ( L );

f r L p

^ ( , ) = the corresponding risk neutral bivariate density function; 7

r f = the riskless rate of interest;

r m = the rate of return on the market portfolio;

R i = 1 + r i , i = f,m,p ;

n ( . ) = standard normal density function;

N ( . ) = cumulative standard normal distribution function.

2.3. The Value of the Insurance Firm

Black and Scholes (1973) suggest that the equityofa levered firmrepresents a calloption

on the terminalvalue ofthe firm, with an exercise price equalto the face value ofdebt. Galaiand

Masulis (1976) combine Merton’s (1973) continuous time CAPM with the Black-Scholes option

pricing model in order to value levered equityand investigate the valuation and risk effects of

changes in corporate investment policy. Galai(1983) extends the contingent claimformulation of

the firm’s capitalstructure to a valuation ofthe government’s tax claim. 8 The approach followed

6 Although the purchase of reinsurance lowers various costs related to agencyand tax effects, it also decreases net

premiums written and consequently the total amount of capital that can be invested in the financial market.

7 A "risk neutral" densityfunction is a densityfunction whose location parameter is chosen so that the mean of the

distribution is its certainty-equivalent (see Brennan (1979) and Stapleton and Subrahmanyam (1984)). In the case

of a multivariate risk neutral densityfunction, the same result holds for the means of the marginal density

functions.

8 A number of other authors have applied contingent claims analysis to valuing the government’s corporate tax

claim. See the papers by Majd and Myers (1984), Pitts and Franks (1984), and Smith and Stultz (1985).

here is similar to the approach taken byGalai. Specifically, shareholders are viewed as holding a

long position in a calloption on the pre-tax terminalvalue of firmand a short position in its

taxable income. However, the solution to the problem is somewhat different, because the payoffs

on these calloptions depend upon the outcomes oftwo randomvariables rather than just one.

Analytically, this implies that these calloptions have stochastic exercise prices. 9 In the valuation

problemat hand, there is one exercise price common to both options, the value ofwhich is

determined in part by the realization of claims costs which have not been reinsured.

The value ofthe pre-tax equityclaimwillbe referred to as C ( AR p ;- U ), where AR p = A (1+ r p )

is the pre-tax terminalvalue ofthe insurer’s investment portfolio (i.e., the value ofthe underlying

asset), and - U = (1- a ) L - P n is the negative ofthe insurer’s pre-tax underwriting income (i.e., the

exercise price). The value ofthe government’s claimwillbe subsequentlyreferred to as t C ( A q r p ;-

U ), where A q r p is the terminal value of taxable investment income.

More formally, the p re-tax value of equity, C ( AR p ;- U ), can be written as follows:

C AR U R MAX AR P L f r L dr dL

p f p n p p

( ; ) , ( , ) . ^ - = + - - -

-¥

¥

-¥

¥

I I

1 1 0a

1

6

3

8

(1)

Fromequation (1), it is readilyapparent that ifthe terminalvalue ofcash flow derived fromthe firm’s investment, underwriting, and reinsurance activities is non-negative, then shareholders will have a valuable claim. However, ifcash flow fails to assume a positive value, then shareholders will exercise their "limited liability option" by declaring bankruptcy.

Since R p and L are normalvariates, it is convenient to solve equation (1) bydefining a normalvariate Y = AR p - (1- a ) L , with certainty-equivalent expectation

9 Fischer (1978) was the first researcher to address the pricing of an option with a stochastic exercise price.

However, because his work is a direct extension of Black and Scholes, it relies primarilyupon the stochastic calculus. Stapleton and Subrahmanyam (1984, pp. 223-224) present an alternative solution using preferencerestricted contingent claims models based upon multivariate normal and lognormal densityfunctions. See Doherty and Garven (1986) for an application of the Stapleton and Subrahmanyam framework to the pricing of propertyliability insurance.

The Demand for Reinsurance: Theory and Empirical Tests 8

E Y AR E L f

^ ^ ( ) ( ) ( ) , = - -1 a variance s s a s a s

Y p L pL A A 2 2 2 2 2

1 2 1 = + - - -

( ) ( ) , and risk neutral density f Y ^ ( )

. Then equation (1) reduces to

C AR U R Y P f Y dY p f n P n

( ; ) ( ) ( ) . ^ - = + -

-

¥

I

1 (2)

Changing the random variate Y to a standardized normal variate u and solving yields

C AR U A P E L R N X R n X p n f f Y

( ; ) ( ) ( ), ^ - = + - -

�

$

#

%

&

’

(

)

* + - - 1 1 1

1

1 a s 1 6 1 6

(3)

where

X 1 = AR P E L

f n Y

+ - -

�

!

"

$ # ( ) ( ) / ^ 1 a s = the standardized certainty-equivalent terminalvalue

of pre-tax profit;

N ( X 1 ) = the pre-ta x certainty-equivalent terminalvalue ofone dollar invested in the firm,

provided the firm remains solvent. 10

Similarly, the value of the government’s claim, t C ( A q r p ;- U ), can be written as:

t q t q a

C A r U R MAX A r P L f r L dr dL

p f p n p p

( ; ) , ( , ) . ^ - = + - - -

-¥

¥

-¥

¥

I I

1 1 0

1 6 3 8

(4)

Fromequation (4), it is readilyapparent that ifthe terminalvalue oftaxable income is non-

negative, then the government willhave a valuable claim. However, iftaxable income fails to

assume a positive value, then shareholders willexercise their "tax exemption option". Thus the

modelallows for the existence ofa state interval in which tax shields (e.g., investment and/or

underwriting losses) are underutilized.

The solution ofequation (4) requires that a normalvariate Z be defined, where Z = A q r p -

(1- a ) L . The certainty-equivalent expectation ofZ is E Z A r E L f

^ ^ ( ) ( ) ( ),

= - - q a 1 its variance is

10 N ( X 1 ) is not the probabilityof solvency; rather, the probabilityof solvencyis given by N ( X 1 *), where X 1 * =

[ AE ( R p ) + P n - (1- a )E(L)]/ s y . Because N ( X 1 ) is in effect a "risk neutral" cumulative distribution function, it

understates the solvencyprobabilitybythe amount of risk bearing costs borne per dollar of income generated in

solvent states of nature; i.e., by the difference N ( X 1 *) - N ( X 1 ).

s q s a s q a s

z p L pL A A 2 2 2 2 2 2 1 2 1

= + - - - ( ) ( ) , and its risk neutraldensityis f Z ^ ( ). Substituting

this change of variables into equation (4) yields equation (5):

t q t

C A r U R Z P f Z dZ

p f n P n

( ; ) ( ) ( ) . ^ - = + -

-

¥

I

1 (5)

Changing th e random variable Z to a standardized normal variate v and solving yields

t q t q a t s C A r U R A r P E L N X R n X

p f f n f z

( ; ) ( ) ( ), ^ - = + - -

%

&

’

(

)

* + - - 1

2

1

2

1

1 6 1 6

(6)

where

X 2 = A r P E L

f n z q a s

+ - -

�

!

"

$ # ( ) ( ) / ^ 1 = the standardized certainty-equivalent terminalvalue

of taxable profit;

N ( X 2 ) = the certainty-equivalent terminalvalue ofone dollar oftaxable profit, provided that

tax shields are fully utilized. 11

Since shareholders hold a long position in C ( AR p ;- U ) and a short position in t C ( A q r p ;- U ), the

after-tax value of equity, V e , is found by subtracting t C ( A q r p ;- U ) from C ( AR p ;- U ):

V A P E L R N X R n X

R A r P E L N X R n X e n f f Y

f f n f z

= + - -

�

!

"

$ #

%

&

’

(

)

* +

- + - -

%

&

’

(

)

* +

- -

- -

1

1

1

1

1

1

1

2

1

2 a s

t q a t s

1 6 1 6

1 6 1 6

^

^

( ) ( )

( ) ( ).

(7)

The firm’s optimalreinsurance decision maximizes V e . To see how the purchase of

reinsurance affects V e , the first-order condition is calculated bydifferentiating equation V e in

equation (7) with respect to a :

¶

¶a t

¶p

¶a t

¶p

¶a qt

¶s

¶a t

¶s

¶a

V

P N X R N X E L R N X R N X

k P N X r R N X R n X n X e

r f f f

r f f f

Y z

= - - + -

�

!

"

$ # +

- +

�

!

"

$ # - + -

�

!

"

$ #

- - -

- -

1

1

2

1

1

1

2

1

1

2

1

1 2

1 6 1 6 1 6 1 6

1 6 1 6 1 6 1 6

^ ( )

. (8)

11 N ( X 2 ) has a similar interpretation to the interpretation given N ( X 1 ). That is, N ( X 2 ) has a "risk averse"

counterpart N ( X 2 *) which represents the probabilityof taxation, where X 2 * = X 1 * = [ A q E ( r p ) + P n - (1- a )E(L)]/ s z .

N ( X 2 ) understates the probabilityof taxation bythe amount of risk bearing costs borne per dollar of taxable income

generated in taxable states of nature; i.e., by the difference N ( X 2 *) - N ( X 2 ).

The optimalvalue of a exists at the point at which the firm’s after-tax value ofequitydecreases

with anyfurther change in its reinsurance coverage. This occurs at the point at which the

expected after-tax marginal costs of reinsurance and risk retention are equal. 12

The four bracketed terms in equation (8) can interpreted in the following manner:

1. Holding the probabilities ofsolvencyand taxation constant, the first termrepresents the after-

tax marginal cost of reinsurance.

2. Holding the probabilities ofsolvencyand taxation constant, the second termrepresents the

after-tax marginal benefits of lower claims and agency costs obtained from reinsuring.

3. Holding the probabilities ofsolvencyand taxation constant, the third termrepresents the after-

tax marginalcost associated with foregone investment income. Investment income is foregone

for the simple reason that the purchase ofreinsurance reduces the amount ofmoneythat can be

invested in the financial market.

4. Holding the expected values ofpre-tax profit and taxable income constant, the fourth term

represents the effects that changes in the variabilityofpre-tax income and taxable income have

upon the value ofthe firm. This termessentiallyprovides an indication ofhow much more or

less valuable the limited liabilityand tax exemption options become as more reinsurance is

purchased. As long as investment returns and claims costs are negativelycorrelated, then the

purchase ofreinsurance decreases the value ofthe limited liabilityoption and increases the

value ofthe tax exemption option. However, ifpositive correlation exists between r p and L,

then the opposite will occur.

3. T ESTABLE H YPOTHESES

In the previous section, we showed that the optimalre insurance decision ofa limited liability

insurer is influenced byfactors such as its investment return and claims cost distributions, the

magnitude oftax shields derived fromits investment and underwriting activities, agencycosts, and

default risk. The purpose in this section ofthe paper willbe to brieflyoutline various testable

hypotheses that are yielded by the comparative statics of the model.

12 This statement assumes, of course, that the second-order condition for a maximum is also satisfied. Analytically,

the second-order condition is not triviallysatisfied; however, it obtains for most reasonable parameterizations of

the model.

From equation (8), the following set of cross-sectional predictions are derived: 13

H YPOTHESIS

1: Other things held constant, the demand for reinsurance willbe greater the higher

the firm’s leverage;

H YPOTHESIS

2: Other things held constant, the demand for reinsurance willbe greater the lower

the correlation between the firm’s investment returns and claims costs.

H YPOTHESIS

3: Other things held constant, the demand for reinsurance willbe greater for firms

that write "longer-tail" lines of insurance;

H YPOTHESIS

4: Other things held constant, the demand for reinsurance willbe greater for firms

that concentrate their investments in tax-favored assets.

Hypothesis 1 highlights the fact that reinsurance is essentiallya substitute for surplus in

terms ofits leverage effect. The smaller surplus is, the higher the firm’s financial leverage. Higher

leverage results in a lowering ofthe probabilityofsolvencyand an increase in the probabilityof

tax shield underutilization, which in turn results in an increase in the demand for reinsurance.

The intuition supporting Hypothesis 2 is also quite app ealing. With negative correlation, the

values ofboth the pre-tax equityclaimand the government’s claimwillfalldue to the fact that the

variances ofpre-tax income and taxable income willalso decline. This is analogous to the well-

13 Since no closed form solution exists for the optimal reinsurance decision, the comparative static analysis was

accomplished byusing the implicit function theorem. The implicit function theorem states that given some

function F ( y,x 1 ,...,x n ) = 0, if an implicit function y = f ( x 1 ,...,x n ) exists, then the partial derivatives of the implicit

function are:

¶

¶

¶ ¶

¶ ¶ y

x

F x

F y i i = - /

/

,

for all i , i = 1,..., m . In the model described above, the first-order condition is V a e ( a * ,x 1 ,...,x m )=0, where V a e

corresponds to the partial derivative of equityvalue with respect to a , the x i ’s represent model parameters, and a *

= f ( x 1 ,...,x m ) is the implicit function. Therefore,

¶a

¶

¶ ¶

¶ ¶a

* /

/ x

V x

V i e

i

e

= -

for all i , i = 1,..., m . Since ¶ ¶a2 2 0 V e / < when evaluated at a * , this means that the sign of ¶a ¶* / x

i will be the

same as the sign of ¶ ¶ ¶

2 V a x e

i

/ .

known comparative static relationship between the value ofa calland the variance rate ofthe

underlying asset. However, with positive correlation, the firm is provided with a naturalhedge if

it retains risk. Byreinsuring, the naturalhedge maybe destroyed, therebyincreasing the variances

ofpre-tax income and taxable income and hence the values ofboth the pre-tax equityclaimand

the government’s claim.

Hypothesis 3 can also be explained in terms ofa leverage effect. Although an increase in the

average claimdelaylowers the firm’s premium income and reinsurance premiums, it also causes

more investable funds to be generated per dollar ofpremiums. Overall, this latter effect

dominates the former, leading to a net increase in financial leverage. Hence one would expect to

observe a greater propensitytoward reinsurance purchases byfirms that underwrite risks with

longer claimdelays; specifically, firms that specialize in liabilityrisks should purchase more

reinsurance than firms specializing in property risks. 14

The rationale for Hypothesis 4 can be best explained byfirst invoking a basic principle of

asset pricing; that is, in equilibrium, after-tax certainty-equivalent returns must be equalacross all

securities. In the case oftwo financialassets that differ onlywith respect to taxation, the

expected yield on the more fullytaxed instrument should be grossed up to completelyoffset its

marginallyhigher tax burden. Therefore, although the firm maygain valuable tax shields by

lowering q , such an action simultaneouslydecreases the probabilities ofsolvencyand taxation due

to the commensuratelylower investment return prospects. Hence, as in the case ofan increase in

the average claimdelay, a decrease in the "tax shield" coefficient should result in an increase in the

demand for reinsurance.

Previous empiricalresearch byMayers and Smith (1990) documents that factors such as

ownership structure, firmsize, geographic concentration, and line-of-business concentration also

14 In the empirical tests which follow, this effect will be captured bya variable which measures the proportion of

the firm’s total premiums accounted for by premiums written in Schedule P lines.

influence the demand for reinsurance. 15 Since these variables are known to be important cross-

sectionally, the empiricalstudythat follows willuse these factors as controlvariables. Mayers

and Smith note that their analysis is limited bythe fact that their data do not allow themto

distinguish between firms on the basis of1) tax status, 2) cash flow volatilities, and 3) within-line

policyheterogeneity. Theyalso note that since their data do not classifyinterfirmreinsurance

transactions differentlyfrom intrafirmtransactions, it is not possible to directlycompare the

reinsurance behavior ofunaffiliated single companies and insurance groups. The present study

seeks to address allbut the third limitation listed above. Hypothesis 4 addresses the first

limitation, since the decision to purchase tax-favored assets is obviouslysignificantlyinfluenced by

the firm’s tax status. Hypothesis 2 addresses the second limitation, since the calculation ofthe

correlation between investment returns and claims costs involves the estimation ofcash flow

volatilities. Finally, the fourth limitation can be resolved byeither using omitting groups fromthe

analysis or using post-1988 data. Subsequent to 1988, the annualstatement forms upon which

the A.M. Best data tapes are based lumped reinsurance transactions with group affiliates and

unaffiliated insurers under the same categories. However, as of1988, regulators began to require

that groups report intrafirmand interfirmreinsurance transactions separatelyin the annual

statement form. Consequently, two types ofexperiments are performed. The first experiment

involves the use ofpaneldata for unaffiliated (non-group) insurance firms fromthe period 1980-

1989. The purpose ofthis experiment willbe to determine whether the model’s cross-sectional

predictions hold over time. The second experiment involves the use ofcross-sectionaldata from

1988 and 1989 consisting of unaffiliated single companies and insurance groups.

15 Mayers and Smith also find that reinsurance demand is negativelyrelated to Best’s Ratings. Since firms with

lowBest’s Ratings will, on average, tend to be more highlyleveraged than firms with high Best’s Ratings, the

Best’s Rating factor essentially proxies for the effect predicted in Hypothesis 1.

4. D ATA AND E MPIRICAL R ESULTS

4.1. Panel Data

Ten years ofdata were obtained fromthe 1980-1989 Balance Sheet-Income Statement and

Premium-Losses-Expenses tapes produced bythe A. M. Best Company. The criteria applied in

the selection of the sample were as follows:

1. The firm must be an unaffiliated single co mpany.

2. The firm must have been classified as either a stock or mutualcompanyduring the entire ten

year period. Furthermore, it must not be classified as a specialist reinsurer.

3. Since a number ofvariables in the regression model involve ratios, onlythose firms reporting

positive (nonzero) values for the denominators ofthese ratios are included in the sample so as

to avoid division by zero.

The application ofthese criteria resulted in a sample of54 stock insurers and 94 mutuals.

Summary statistics for these firms are presented in Table 1.

4.2. Cross-Sectional Data

The data for the cross-sectionalexperiments were obtained fromthe 1988 and 1989 A.M.

Best data tapes. The same selection criteria were applied, except insurance groups that met the

second and third criteria were also included. The application ofthese criteria resulted in a 1988

sample consisting ofdata for 456 stock insurers and 290 mutuals and a 1989 sample consisting of

data for 571 stock insurers and 396 mutuals. In the 1988 (1989) sample, 64% (66%) ofthe stock

firms were groups, compared to 61% (68%) ofthe mutuals. The c 2 test ofindependence between

ownership structure and group structure reveals that the differences in these percentages are not

statisticallysignificant; i.e., there is no significant association between ownership structure and group structure in either ofthese samples. Summarystatistics for the 1988 and 1989 samples are

presented in Tables 2 and 3.

4.3. Panel Model

The following regressio n model was estimated for the sample consisting of panel data:

REINS X

j j ij

i ij ij

= + +

= å b b e

0

1

10

, (9)

where

REINS j = ratio of reinsurance premiums ceded to total business premiums for firm j;

X 1j = SIZE j = natural logarithm of firm j’s size, measured in terms of admitted assets;

X 2j = PSRATIO j = ratio of direct premiums written to surplus for firm j;

X 3j = RHO j = correlation between investment returns and claims for firm j; 16

X 4j = STDP j = standard deviation of firm j’s investment returns;

16 RHO j was measured in the following manner:

RHO X W COV r L j

i k ij kj ij kj pj L

i k j

=

¹

= =

S S

1

3

1

21

( , ) / , s s

where

X ij = proportion of firm j’s assets invested in bonds, stocks, and T-Bills;

r ij = the return on firm j’s i th investment;

r pj = the return on firm j’s portfolio of investments = S X ij r ij ;

s pj = standard deviation of r pj ;

W kj = proportion of firm j’s earned premiums due to line k;

L j = firm j’s claims costs = S W kj L kj ;

s L j = standard deviation of L j .

The data for these calculations were obtained for the period from Aggregates and Averages (1976-87 loss ratios),

Ibbotson/Sinquefield (1976-87 securityreturns) and the A.M. Best data tapes (for the calculations of X ij and W kj for

1980-89).

X 5j = STDL j = standard deviation of firm j’s claims costs;

X 6j = SCHEDP j = proportion of firm j’s premiums written in Schedule P lines;

X 7j = THETA j = firm j’s tax shield coefficient q , which measures the proportion of

investment income subject to taxation; 17

X 8j = HERF j = firm j’s Herfindahl index =

Direct Pre miumsWrit ten

Direct Pre miumsWrit ten

1 6

1 6 ij

ij i n i n

=

= å å

�

�

�

�

� �

�