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REINSURANCE, TAXES AND EFFICIENCY :
A CONTINGENT CLAIMS M ODEL OF INSURANCE M ARKET EQUILIBRIUM

Abstract. This paper presents amalytical model of underwriting capacaynd insurance market
equilibrium under anasymmetriccorporate taxschedule. It is showthat reinsurance markets
enable risk-neutral insurers to alloctde shields tothosefirms that have the greatesapacity
for utilizing them, in muctthe same manner as leasing compasiesre taxshield benefits with
lessees in leasingarkets. Reinsurance is therefore used asffmment short-termmechanism to
yield the optimal allocation oftax shieldbenefits. In equilibrium, asymmetriaxes cause the
insurance price to be actuarially unfair ahd expected return amapital invested in insurance

reflects the probability of paying taxes.

Keywords. Reinsurance, option pricing theory, contingent claims,”asymmetric taxes.



1. Introduction

The economi@nalysis of insurancand reinsurance markets has been traditionally modeled
in an expecteditility framework. In the papers Ifarl Borch (1960, 1962),sk averse insurers
set up aeinsurance pool to share risks according to a rule derived from the first-order conditions
for Pareto-optimal allocation. If the insurémgolved all haveHARA -- class utility functions,
then inequilibrium reinsurance will be demanded and supplied on a proportional basis. In the
papers by Blazenko (1986) and Eden/Kah&h@90), insurers and reinsurers make optimal
reinsurance decisions in a mean-variance framework. In Blat#886),reinsurance provides
additional capacity tthe market, thuallowing the supply ofdirect insurance to increase, with a
concomitant decline in price. In Eden and Kahane (1990)pititeexistence of local insurers and
international reinsurers reconcileso conflicting objectives: wide spreading of risks and close
monitoring of moral hazard.

Although the expectedtility approach to thanalysis ofreinsurance decision-making has
produced anumber of importaninsights intothe operation of reinsurance markets, it dlas
been criticized for 1)failing to provide an adequatbasis for modeling the influence of
competitive financial markets upon the insurers’ behavior, andid)oring the “nexus of
contracts” nature of thesurancdirm (see Garven (1987))Main (1982, 1983) and/layers and
Smith (1982,1990) have proposedvalue maximizatiorapproach based on tax aagencycost
considerations to account forsurance purchases by largedely heldcorporations. Asimilar
approach has been used by Gary&893) to explain the demand for reinsurance by large
insurance companies holding diversifipdrtfolios of insuranceontracts. Doherty andiinic
(1981) alsocriticized the assumption of risk aversehavior by insurers for contradicting the
observation thainsurance risk is largelgiversifiable inthe capital market.They arguedhat
reinsurance purchases are more adequately motivated by bankruptcy cost considerations in a value

maximization framework.
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The purpose othis paper is to expand upon this literatureabgumingthat insurers are
risk-neutral and byanalyzingthe effects of taxes on underwriting capacity equilibrium in
insurance and reinsurance markets. We intend to go beyaittve arguments by providing an
explicitly theoretical model where reinsurance transactwasconomically justified onhe basis
of the impact that such transactions have upon the tax liabilities of insurers.

The model is based on an option-pricing framework already uskdfinanceliterature in
previouswork onleasing and on investment decisiort¢eaton (1986) shows that tsapply of
and demand foleasing contractsmay bemotivated by the existence aficomplete state-
contingent tax loss offsets. Green and Talmor (1985) dhgueheshareholders of a levered
firm will have anincentive to underinvest in riskgssets, and to purchasarporateinsurance, so
as to avoid underutilizingorporate taxshields. Like Main(1983)), we draw upon conceptual
analogies betwederasingmarkets and insurance markets and present a rniwtelemonstrates
that insurance companies will share risks; i.e., demangupply reinsurance, dependingon
their tax situations. Within this framework, reinsurance is used to allocate sivelds
(specifically, claimscosts) to thosdirms that havethe greatestapacity forutilizing them, in
much the same manner as leasing comparsiare tax shieldbenefits with lessees ieasing
markets. lrour model, we assunthat taxes arasymmetric irthe senséhat taxloss offsets are
incomplete. Consequently, it is possifile taxshields to be underutilized, atlte government
may therefore be viewed d®lding aportfolio of contingentlaims onthe taxablencomes of
firms in the economy.

Our analysis implicityassumeshat tax shieldinder-utilization is an important problem for
insurers. Casuaempirical evidencesuggests that tax shieldnder-utilization is indeed an
important problem for firms generallydeaton (1987) suggests that the fact that 40 to 60 percent
of all U.S. corporation in recenyears have paid no taxksds credibility tathe assertion that a

full tax loss offset doasot always exist for corporations; i.e., taxes asgmmetric. Heaton’s

!Although we certainly acknowledgke importance of alternative, more traditional explanationseinsurance
(such as its risk-spreading function), our emphasis will be on"the role of taxes in motivating reinsurance trade.
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observation would appear to be particularly relevargroperty-liability insurers in view of the
fact that the industry paid approximately zero net federal income”taxes duriwgrhefive year
period preceding the Tax Reform Act of 1986 (see Walker”(1991)).

It is important to note thasymmetridaxes represent one of a numbepossible factors
that may lead tosimilar results as are presented here. phmary requirement ithat there is
somecostassociated witihavinglow income; consequently, bankruptoysts asvell as agency
costsmay alsoplay similarroles. Technically, such aost is a substitute faoncave utility. In
our model, insurers are assumed to be risk-nedtlthevaluation function is nonlinealue to
the convexity ofthe firm’s tax liability. Therefore, by Jensenisequality, the expected tax
payment iggreater than the tax on expeciadome. As Smith, Smithson, and WilfgftB90)
have notedconvex taxschedulexsreate a tadenefit from hedging. lour model, reinsurance
provides such a hedging nmamism. Consequently, it followhat our papermprovides one
motivation for reinsurancé&rade. Concernsvith costs offinancial distress provide a more
traditional explanation. We dwot claim thatasymmetridaxes are aecessary conditiobut we
do argue thathey may represent asufficient condition for the existence of a market for
reinsurance.

The remainder athe article is organized in thelowing manner. Irthe next section, we
present a model dhe insurance market, where risk-neutral insusees endowed with given
amount of equity capital, or surplus. They faceaagmmetriccorporate taxschedule and
underwrite optimal shares indaversifiedportfolio of accident risks. Iequilibrium,the optimal
market shares amirectly related tahe relative financial capacities of the insurers. Section 3
introduces reinsurance. We argue t{taten endowed shares ihe directinsurance market)
reinsurance represents afficient mechanism tobtain optimal risk-sharing. Reinsuraricade
results in a reallocation of tashields among insurers.The equilibrium set ofreinsurance
contracts is that set thatinimizesthe aggregatealue ofthe government's taotaim on the
income ofthe insurance industry. Consequentllge results obur model parallelthe results

obtained in the capitatructureequilibriumtheories oMiller (1977) and DeAngelo andasulis
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(1980)% Section 4 extends taodel tothe international reinsurance markeicbysidering "tax
clientele" effectghat arelikely to occur whentax rates are heterogeneous between countries.
Section 5 provides a long run extension ofefailibriumargument. Existingrms are allowed

to vary their surplus, and neiwms mayenter the market.This influenceghe allocative role of
reinsurance and the after-taguilibrium expected return owgapital invested in the insurance
industry. The sixth section concludessbynmarizingour mainresults and providing suggestions

for future research in this area.

2. A model of the insurance market

In this section, we present a modeltio¢ insurance market. Weegin by presenting the

assumptions and notation that will be needed for our analysis.

2.1. Model assumptions and notation

The model haswo periods: t=0the present, and t=1, the future. dwmnomy
encompasses a pool of homogeneous accident risks, with realization at t=1. The aggregate
accident loss X isormally distributed with expected valuegcEand standard deviatiasy. It is
assumed to be stochastically independent of social wealth.

Let p represent theompetitive market price of thigdobal accidenportfolio. This price is
taken as given by any participant in the accident insurance market.

There aram insurers supplying accident insurance. At t=0, eachinsurerj(j=1,..., m)is

endowed with an amount of capital (surplug)&d gets a fractiog of the global accident

?In the Miller andDeAngelo/Masulis (1980) models, the primary role of corpadetefinancing is to minimize
the value of the government's tax claintlowever, inour model, we do not consider tbiects ofpersonal
taxation.
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portfolio. As thisbasic model is essentiakort termm and $ areinitially assumed fixedor all
J. Moreover, transaction costs are assumed away.

For the sake osimplicity, we will also initially assumethat all insurersadopt thesame
investment policy: at=0 they investll their funds (surplus plus premium incomejhieriskless
asset, with rate of return r. Thus, firms differ only with respect to"their endowed surplus $, and
is the only control variable, wheyél [0,1].

Claimsare paid at=1 and bankruptcy risk is assumed away. Thus, as X is assumed to be
uncorrelated with social wealth (and therefdneersifiable inthe financial market) each insurer

behavess ifit is risk neutral.

Finally, each insurer pays taxes tre sum of underwriting profit and investment income at
a rate oft. However, taxes a@symmetric irthe senséhatgovernment taxegains andloes not
rebate losses.

Consequently, as shown in Figure 1, the gayment hashe profile of a European put
option, whereclaimscosts represent thenderlyingasset Z, and the exercise price Kjigen by
the sum of premium and investment income. K&K, no taxes are paid. If Kk Z, the insurer
pays taxes of[K — Z]. Therefore, the tax payment equel4AX[ 0,K-Z].

$

TMAX [K -Z 0]

TK\/

0 K Z

FIGURE 1. Profile of Tax Payment.

3This simplifying assumption is nabo much at variance with reality. In many countries, insurers are required to
invest primarily in safe assets, and more particularly in"government bonds.

‘It may be easily verifiedhat if taxes were symmetrithe optimal value of would beeither 0 (no insurance
supply) or 1 (infinite insurance supply), depending on“whether p is less or greater than its actuarially fair value.
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2.2. The model

The risk-neutral insuremaximizesthe after-tax expected presemaiue of the firm.

Ignoring the subscript j, this is given by equation (1):

V(y) = S +yp - RIE, - TRIE{ Ma{0,K-Z]}, (1)
where
R=1+r;
K =rS +ypR; and
Z = yX.

Z, the claims cost, isnormally distributed with expected value; E YE,, and standard
deviationo, = yo,.
Let P(K,Z) = R1IE{Max{0,K-Z]} represent thevalue ofthe put optiorwritten in favor of

the tax authorities. The after-tax present value of the insurer"may thus be written:
V(Y) =S +y(p - R1Ex) - TP(K,2). 1)

Since Z is normally distributed, we can expand the expression”for the put t: obtain
P(K,2) = R'yox[dN(d) + n(d)], 2

where n(*) is the standard nwal density functionN(e) is the standard normal distribution
function, and

K-E, _rS+y (pR- E,)
o Yo, '

z

d= ®3)

From this, we obtain:

P - Rig IN@)(A+y )+ n(a)]
ay ay

°Note that this expression is similar to Brennan’s (1979) equatiorfdB8)e discrete-time-neutral valuation of an
option when the return distribution of the underlying asset is"normal.
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= R1T[N(d)(pR - K) + o,n(d)], (4)
..od_rS
usmgW = _yzo <0.
Furthermore:
2
9P Srn@¥so 5)
oy y oy

From (1’) and (5) we obtain the second ordendition: V’@) = -1(8°P/dy?)<0. Thus,
V(y) is concave. We may also remark from (4) that the put value”is increagiwhém pR=> Ey,
i.e., whenever p is actuarially fair or unfair.

From (1') and (4) and assuming an interior solution, we“obtain the first-order condition for a
maximum of V:

(PR - B) [1 - TN(d)] = Toxn(d). (6)

The left hand side of this equati@®) represents the after-tax expeatearginal gain from an
increase iry. The right hand side represetiie marginaltax loss from the increasgdobability
that the put ends up in-the-money.

It is instructive to solve equation (6) for p:
p=RI{Ex+A (y) ox}. (7)

T n(d)

In thi [ =
n this expression\(y) 1-TN(d)

IS positive and represents the unit fdis&dingfactor. It

turnsout thathe insurer adjustgso as to obtain, at thiem level, anactuarially unfair price for
insurance, given p,¥=0x and R. Notehat if insurance is actuarially fair;e., if pR = k,
condition(6) impliesthat n(d)should bezero. Hence d tendtowardinfinity. Since d = rSjoy,
this furtherimpliesthat y = 0; i.e., no insurance is supplieBor positive values of, condition

(6) is only satisfied when pR xB 0. This leads to our first proposition:

Proposition 1: In equilibrium, the price of insurance is actuarially unfair.
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2.3. Comparative statics

Some comparative statics exercisesuseful to checlthe influence ofvarious parameters

on optimal underwriting. This leads to the following“proposition:

Proposition 2: The optimal insurance supply is increasing in S, p and r. It"decreasaslioy.

PROOF: We provide the proof for surplu@y. Theother results are obtained in tha@me
manner. Differentiatingimplicitly from the firstorder condition with respect tg and S, we
obtain:

oy __0V'eS
S~ V'(y)

Since V') < 0, this implies that sigy 9/S ¥ signdV 'dS ) Now,d V' S=-T1(0°P/dyd S .

Differentiating the expression f@P /dy in equation (4) with respect to S, we find:
aV' /1dS=1n(d) r’S/ Ry*a, >0. (8)

Hencedy /0 S > 0. QED.

2.4. Market equilibrium
The market equilibrium condition is written:
Zj Y = 1. 9)

Condition (6) defines the optimal market shaes a function o$ix parameters: p,&r, T,

ox and S. From the proof of Proposition using (5),(8) and the expression for Wj( we

®The complete proofs are available from either author.



Reinsurance, Taxes And Efficiency: A Contingent Claims Model Of“Insurance Market Equilibrium

obtain:dy /0S =y /S. Henceyis linear in S.The optimal valuéor v;, insurer jsmarket share,

may thus be written as a function:

yj = a ¢ h(p1Ta 0-X, EX, r).

This follows fromthe fact thatnsurers differ only withrespect to their endowed capitdllsing

this expression in (9), we obtain:
Ly=h) 5§ =1
Consequently, h() = I/S;, and

Vi =S/%§ =5 (10)

where grepresents the share of insurer j's surplus in the total“surplus of the insurance industry.
Equation (10)defines an optimal sharingule, which we express in thefollowing

proposition:

Proposition 3:  In equilibrium,the share of insurer j in tleecdent insurance market is equal
to its share in the industry’s capitaf: = s.

Note that the loading introduced in equation (Bhould be theamefor all firms, since we
assume price-taking behavior among insurers. Howevemptee thaf\ is firm-specific since it
depends on dwhich inturn depends on. This isnot trueany more whenthe market is in
equilibrium. For insurer j,

— rSj +yj(pR_ E)
yjox

d

]

In equilibrium, $=V;Z;S. Hence we obtain:
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q :rzj§+pR— E

j

o

X

which turns out to be firm-independent.
The dynamics of equilibrium may baescribed as follows: £y < 1, there is aexcess
demand inthe market. The excedemand driveshe price (thdoading)up. Theoptimaly is

thus increased for all firms. From (3), the change in d is the“joint result of the increasesyin p and

dd_od, od dy _ Ry _,
dp Op ody dp ArS

Thus d decreases, bsihcedA /0d < 0, the increasebbading is validated in equation (7). The

excess demand eventually vanishes.
3. Reinsurance and efficiency

In the previous section’s model, markeefuilibrium infers gorecise distribution of demand
across insurers. Specifically, each firm takes a share in total"demand corresponding exactly to that
firm’s share in the insurance industry's total capital or”surplus.

However, since insurerare assumed to ldentical in all respects except for surplus
endowments, and since bankruptcy risk has been assumed away, coasemdifferent with
respect to the choice of an insurer. Consumérbevdistributed randomly among insurers, and
it would occuronly by coincidence thahe ex antedistribution of consumers would replicate the
optimal allocation of risks among insurérsTherefore, thequilibrium process nobnly implies
the usual adjustment stipply and demantut also a reallocation of consumers among insurers.
Those insurerdacing an excess demand e equilibrium price denycoverage to some

consumers, who must shop around until they meet an insurer with“excess capacity.

'One could alternatively invoke location theory: consumaght favor localinsurers However,the geographical
distribution of insurersnay be different fronthe geographical distribution of consumers, day.tax reasongsee
section 4).

10
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In practice, such a reallocation would imply costs ignored in our model:"the marketing costs
of attracting additional consumers, tre agencycosts (e.g.Joss of goodwill) from refusing
coverage to some consumers.

The insurers iur model could bejiventhe opportunity to adjust thesptimal supply to
the observed distribution of consumers. Surplus providdsethto this solution. From equation
(10) above, it is cleghatoptimal risk-sharing obtains either by adjustyfgr agiven value of S,
or proceeding the otheray around. Howeverthis wouldnot beeasily implemented ipractice.
Surplus cannot be adjusted in the short term, exceparge transaction and agencysts that
would probably exceed the above-mentioned costs of consumer reallocations.

The insurance market provides simpler and moreefficient method of consumer
reallocation,namelyreinsurance. This mechanismay be easilyntroduced intoour model by

redefiningy as net underwriting. Let; represent the endowed market share ofjtthensurer
(a; >0, j=1...m) and leB; represent the fraction of the marketich insurer j reinsureg(<

8 f B; > 0, the insurer cedes @art of his insurancgortfolio; if 3; < 0, he assumes

Gj).
reinsurance. Net underwriting is thus; = a; - B;, andp; represents the new contraariable.

Dropping subscript j, the after-tax value of the firm may berestated as:

V(B) = S + ¢ -PB)(p-REY - 1P(K2), (11)
where
K =rS+ @ - B)pR; and
Z = (@@-B)X.
Note that thdaw of one price guarantees mentical pricefor the portfolio of risks on both the
direct insurance andhe reinsurance markets. tWo different prices prevailed, arbitrage
opportunities would arise anihvalidate the reallocation mechanismkor example, if the

reinsurance price exceeded the dirmsurance price, insurers would have iaoentive to

®This is quota-share reinsurance. The quota-shaye-iBjtp;.

11
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withdraw fromthe directinsurance market argpecialize in supplying reinsurance. In conformity
with observed practice, we assume that quota-share reinsurance”occurs on original terms.
Proceeding fron{11) as in the previous section, we obtain equations (2)(6Band(7),
wherey is simply replaced bg—3. Thus Proposition 1 still holds.
The marketequilibrium conditions,z; 3; = 0 andZ; a; = 1, combined witlthe comparative
static results:
9B _ _a-B

and _,
oa 0S S

yield:
B =a -9 (12)

Equation (12) isessentially arestatement of equation (10) in sectiond®fining the optimal
sharing rule of Proposition 3.

However, equation (12) adds additional dimension. limpliesthat inequilibrium, given
a, high surplusfirms will tend to reinsure low surplugms. In particular, if all insurers

underwrite the same share of the dimsturance market; i.e.,af = 1/m forall j, then we obtain:

B, = (1/m) - s Definingthe average surplus &= 2, §/ mand the average surplus share as

s= S/, S, we obtainrs=1/m. Hence,

B =s-5
The above equatiompliesthat inequilibrium, with identicakx antedirect market sharefirms
with higher than average surplus shares provide reinsutaseg whereaSrms with lower than
average surplus shares demand reinsurance cover. Hence the proposition:

Proposition 4: In equilibrium, givert, high surplus firms reinsure low surplus firms.

It is instructive tolink Proposition 4 to the tax feature ofir model. Insurers witlnigh

surplus write a more valuable put in favor of the tax authoritieexereise price K is higher; i.e.

12
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the put ismore “in-the-money”). Compared with low surpfums, they incur less risk of not
being able tofully utilize tax shields. Consequently, theye able to assumenore risk by
providing reinsurance to low surpléisms, which might experience largmused taxshields if
actual claims happened to be unexpectedly large.

In our model, reinsurance is thus used asetiicient mechanism toeallocate (tax)isks
among insurers. Thisontrasts with the motivatiotraditionally proposed irthe insurance
literature, where reinsurance is used for technical reasons: thanks to reinsurance, insibfers are
to construct more bahced portfolios ohet underwriting. We seiside this motivation right
from thebeginning, by assumirthatinsurerstake share in diversifiedportfolio of risks. We do
not claim that thetraditional motivation for reinsurance doest play arole in practice. We
simply show that this traditional motivation is not a necessary“condition for reinsurance trade.

Our reinsurance model presents interesting analogies with work by Karl Borch:

* In Borch (1962)jnsurers are endowed with direesurance portfolios. Thegrerisk
averse and use reinsurance to reallocate insurance risks among themseRa®toA
optimal sharing of risloccurswhen all insurers participate in a reinsurance pool in
proportion to theirisk tolerance. Ircontrast, ouinsurers are risk neutral (i.eisk
aversion isnot necessary to motivate reinsurance). However (as in Ba@sR)),
marketequilibrium results in an optimal sharing rule: each insurer participates in the
market in proportion tdnis share in thendustry'stotal surplus. Thelriving force of
risk allocation is the endowefihancial capacity of each insurer, instead of risk
aversion.

* In Borch (1985),nsurers are also endowed with diredurance portfolioshut they
are assumed to be risk neutrdlhey demand reinsurance because they camply
with solvency rules, and reinsurance is less costly tlaamgrecourse to theapital
market. There is a clear analogy watlr model: reinsurance and increases in surplus
(own capital) are substitutes firaching a given objectivethe solvencyconstraint in
Borch's model, and optimal allocation taix shields inour model. In both cases
reinsurance is used because it is a more efficient mechanism.

Note that the secorghalogy makes cle#inat thereinsurance decision is a capgaiucture
decision. By adjusting reinsurance demand or supply, each insurer selees #mount of

insurance leverage forgiven level ofsurplus. An increase in tlikemand for reinsuraneceeans

13
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that netliabilities are lower; i.e., leverage decreases. Tdursnodel provides #&ax motivation
for reinsurancevhich parallelstax-based theories of optimal capisatucture in the corporate

finance literature (e.g., see Miller (1977) and"DeAngelo-Masulis (1980)).

4. International reinsurance and taxes

It is a well-known feature of direct insurance and reinsurance mahnle¢tdirect insurance
transactions occumprimarily at the national level, whereas reinsurance afien traded
internationally. This isnainly due to non-tariff barriers tivpade inservices. Most of theme,
consumer protection is invoked aguatification for protectionism in the provision of insurance
services. However, this argument cannot be usedetect barriers toreinsurancetrade.
Moreover, freedom irninternational reinsuranc&ade is generally considered as a technical
requirement for a sufficient spreading of risks.

Given protectionism in the provision of diregtsurance servicegur model provides an
additional explanation for international reinsuratregle. Asmay beexpected from Proposition
2, if otherthingsare equal, insurers in low-tax countries will tend to provide reinsurance cover to
insurers in high-tax countries. In this section, we provifteraal proof of this implication by
extending our model to two countries: the domestic country and a“foreign country.

In the fdlowing, variablesfor the foreign country are denoted by an asterisk faedn
(re)insurancdirms areindexed byk, k = 1, ...,m". Of course, thenodel of section 3 is assumed
to apply inboth countries; but sonspecific hypothesesre necessary to substantidtes ceteris

paribusassumption and emphasize the role of taxes. These hypotheses”are listed below:

H1 No foreign exchange risk. The exchange rate is fixed and equals”unity.

H2 Capital flows across countries are free.

H3 Insurance markets are segmented by non tariff barriergtbruiational reinsurance
trade is free.

°See, e.g., Skipper (198Znd Outreville (1989). Note, howevehat liberalization of trade iservices, including
insurance, represented a major issue in the recently concluded™Uruguay Round" negotiations at GATT.

14
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H4 Same insurance risk in both countries=E, E @pdo .
H5 All firms have the same surpllﬁ;SK* = Sfor allj andk.
H6 The tax rates are not the same in both countriesy iz .
H7 No arbitrage opportunities

Hypotheses H1, H2 and H7 together imply that r = r*. Hypotheses"H3, H4 and H7 together
imply that p = p*.

Applying the optimal value of from section 2 to firms in each country, we obtain:
Yi=ai-Bi=§-h(pt,0x E, 1), j=1,..m.
yi.=a,-B,= S,th(p, t ,6,,E.,r), k=1,.m*
Given our hypotheses, this may be written more compactly:

Y,=a;-B;= S -hf), forallj, and (14a)
Vo =a"-B«= S - ht), for all k. (14b)

Proposition 2 and H6 together imply:th€ h(*). Therefore,
Y <Y, alljandk. (15)

Firms in the low-tax country supply more net insurance than“firms in the high-tax country.

The market equilibrium conditions are now written:
Insurance: Sa. = SYa, =1. (16)
ya, =y

J
Reinsurancez B, + Z B, =0. (17)
i 3

Condition(16) reflect the segmentation mfsurance markets, whereas condit{d@) reflects the
extension of our model to two countries with freedom of reinsurance trade.

We are now ready to prove the next proposition:

15
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Proposition 5: In equilibrium, givena, firms inthe low-tax country reinsufems in the high-
tax country.
PROOF: Assume; = o, =a forall jand k. (Fron{16), this impliesm= m*). Using (14a)

and (14b) we obtain:

B=a-S-ht) =B, forallj, and
B'«=a - S-ht) =B, forallk.

Since ht) < h(*), we have: B > 3*. Furthermoresince(17) is now written: 8 + n3* =0

these two conditions together imply tBat O andp* < O. QED.

Thus, reinsurance provides a contractingchanism that circumventsnstraints imposed
by barriers on international insurant@de in a world ofdifferential tax treatment across
countries. High-taxed domestioms provide direct insurance to residents. Then, they pade
of their risks to insurers in low-tax countries, as the lattew#iieg to assume more riskThis
may explain, at least partlyyhy large reinsurance companig® located in some countries (e.g.
Switzerland and Germany), amadhy captive insurance companiesd to be formed in low-tax
domiciles such as Bermuda and the Cayman Islands.

Note however that Proposition 5 derived under the assumption identical endowed
market shares faall firms inboth countries.This is inthe spirit ofour assumption of identical
firms. However, as is clear from relati¢h5), aninsurer in the high-tax country could provide

reinsurance cover to an insurer in the low-tax countnoforsufficiently larger than; .

5. Surplus and the equilibrium after tax return
Until now, we limitedour analysis tahe short run.Assumingthateach insurer is endowed

with a givenlevel of surplus, we argued that it is magticientfor insurers to use reinsurance for

the purpose ofdjusting to theirequilibrium market share, instead warying their capital to
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validate an endowed market shate In the longer run, however, some insureegy realizethat
they are undercapitalized:his happens these insurers have to cede regularly a fraction of their
insurance portfolio to competitors, thgiwing up positive expected profits. They will have an
incentive to raisenore capital, so as to ladle tokeep a larger market share for own account.
The cost ofraising additional capital will be balanced the additional expected profits over
several periods of time.

As a result, more capital will be raised by sdimas inthe long run; théotal surplus of the
insurance industry will increase; and reinsurance will be less needed to &lecatexshield
optimally among firms?

In the previous sections, we also considerechtimber of insurers as given, and equal to
m. However sincethe equilibriumprice of insurance is non actuarial (see Propositjpthere is
obviously an incentivéor risk neutral investors to enter the market and add toutmbder of
firms operating in the industryThis will also raisehe totalsurplus of thansurance industry.
Concerning reinsurandeade, theentry of new insurers ikkely to havehowever a favorable
impact: new insurers with low surplus, lmldtaining a market shacein excess of their share in
the total surplus of the industry, will purchase reinsurance.

Let S* =%;S represent the total surplus of the insurance industry. In s@dtioabove, we

noted that this variable enters into the equilibrium expression“for d:

d= 'S+Rp-E (18)
0-X
From equation (7), we obtain:
RP-E _ TN _y(q,q) (19)

o 1-1t n(d)

X

whereA represents the unit-ridkading factor™ Substituting (19) into (18), webtain a new

equilibrium expression for d:

YFurthermore, the firms withxcess capacity will be able to incre#iseir marketingeffort in the longrun. This
will enable them to take a bigger share of the direct insurance naarttebcompensate, to a certain extent, the
lower reinsurance demand from firms increasing their surplus.
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d:r—§+)\(T,d). (20)
(0]

X

Now, define E() as the after-tax expected rate of return on capital invested”in an insurance firm.
By definition,

E(r) = SYRS +y (Rp - K) - T E[Max (0, K-2)] - S}.

Using (2), (7), (10) and (20), it is easy to derive the“equilibrium value for E(r
E(r) = r[1 -TN(d)]. (21)

The after-taxequilibrium expected rate of return ansurance is equal tthe after-tax rate of
return on theaisklessasset, adjusted for thgobability of payingaxes:* SinceN(d) is lessthan
one, itfollows that the net expected return msurance is larger thahe net return ornisk-free
investment. This arises in spiteafr assumptiorthatinsurance underwriting has no systematic
risk. Thus asymmetritaxes result in a reward fadiosyncratic risk. The additionaéturn is

equal to the tax payment, adjusted for the probability that”losses are sustained:
E(r) - r(1-t) = tr(1-N(d)).
Lemma: The equilibrium value of d is increasing in S*.

PROOF: From equation (2G@aking r,T andoy as giventhe equilibrium value of d is defined by

an implicit function:

HNote that this loading factor is Sharpe’s reward-to-variability ratio applied to insurance underwriting.

12N(d) corresponds to therobability that to theprobability that taxes are paid by the insurance industry as a
whole. In terms of the notation presented in this paper, N(d) corresponds to the probability that X < K, where K =
rS* + Rp (See equation (18)).
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Fd, S)= d- ;—g—x (t,d) = 0.

X

When S* increases, the total change in d from one equilibrium”state to the other is given by:

dd _ 9F/0S _ r , oA, .
= - = = 1-2y
ds oF/od o, = od
Sinced\ /9d < 0, dd/dS > 0. QED.

This lemmaallows us tostate thatvhen additional capital flows intbe insurance industry,
N(d) increases, and thus (frof@1)) E(r) decreases.This occurs either because sorfirens
increase their surplus, or because rems enter the market, or bothClassically, long run
equilibrium isreached wheitthe after-tax expected return msurance is equal tthe after-tax
expected return on the other activities with no systematicrisk.

The preceding results may be summarized in the following final“proposition:

Proposition 6: The equilibrium after-tax expected return on insurance decreases”when additional
capital flows into this industry. In long run equilibrium, this“return is equal to the
after-tax expected return @ctivities with no systematic risk. ldiosyncratic risk
is rewarded by an excess retdepending on the tavateand on therobability
that the insurance business generates losses.

5. Summary and conclusion

In this paper, we haveutilized a contingentclaims framework for the purpose of
investigatingthe pricing and incentive effects of asymmetages on neinsurance supply. Our
analysis provides three contributions to the theory of insurance”markets.

The first contribution concerns thgsue of underwriting capacity. Althouglur insurers

are assumed to be risk neutral, égeilibriumprice of insurance is actuarially unféifroposition
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1), and marketequilibrium is characterized by an optimal sharing rulee relative financial
capacity of each insurer defines his equilibrium market share”(Proposition 3).

The second contribution concerns the theory of reinsurance.hawée showrthat in a
short-term two-periogmodel asymmetritaxes are a&ufficient (but notnecessary) condition to
motivate reinsurancegade. Reinsurance is viewed as a mecharfignefficiently allocating tax
shields among risk-neutral insurers. We fotimat well-capitalized firmshave a comparative
advantage in providing reinsurance services (Propostjpras ddirms that aredomiciled in
countries with low tax rates (Propositibj. These predictions appear to be roughly consistent
with stylized facts about the real world market for"reinsurance.

Sincethe reinsurancdecision is a capitatructuredecision, these results stronglgrallel
those obtained in theapital structure equilibrium theories ofMiller (1977) andDeAngelo-
Masulis (1980). In equilibrium, a set of reinsurance”contracts is chosen which minimizes the value
of the government's tax claims.

Our reinsurance model is also reminiscentwairk by Green and Talmor (1985) on the
incentive effect of asymmetrmorporate taxes. Itheir paper, the takability is represented by
the value of a calbption on thefirm's end-of-period assets. The convex shape ofliindity
provides incentives to underinvest in rigkyjects, to engage in conglomerate mergers and to
purchase corporat@surance. By introducing loss carryback and carryforward provisions, the
incentive effectare somewhat mitigated, but th&sic argument isot alteredsincefuture gains
and losses are uncertain and must be discountedur Ipaper, the tabiability is represented by
thevalue of aput option on thdéirm's end-of-periodclaimspayments. The convex shapetos
liability provides an incentive to purchase reinsurance.”"However, in contrast to Grdetnaomd
(1985), we add a marketuilibrium dimension. Thisesults in an optimal allocation of tax
shields(expectedclaims payments) among firms. In equilibriutine value ofthe government's
tax claims on the insurance industry as a whole is minimized.

The third contribution obur paperconcerns thassue of capital flows intthe insurance

industry. On the assumptiathat insurance risk igdiversifiable inthe capital market, the
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equilibrium after-tax expected return ansurance is equal tine after-tax return on theskless

asset, adjusted for theobability of insurers payintaxes. This expected return is decreasing in

the totalcapital invested in the industry. In the long run, some insurers will use increases in
surplus as a substitute for reinsurance purchases. New insirealso enter the market if the
equilibrium after-tax expected return ansurance activity is higher than in comparatgetors.
Thesetwo effects will increase théotal capital invested in the industry, and thus lower its
expected rate of return. Long raqguilibrium will bereached whethe after-tax expected returns

are equal across sectors with no systematic risk (Proposition”6).

We believethat the approackollowed in this paper constitutesfauitful application of
contingentclaims analysis tohe study ofquilibrium inthe insurance and reinsurance markets.
However, oumodel isfairly simple, so as tallow us toconcentrate upon the main thrust or our
argument. We assumed away systematic risky investments, antlansaction costs. Waso
ignored the traditional motives for reinsuranciversification of insurance risk ameinimization
of the probability of insolvency. For this reason, we considerealy quota-share reinsurance,
which is best suited to risk sharing and tax shield allocation,”and igoiby&darrangementsuch
as excess-of-loss or stop-loss reinsuramdech distort theprobability distribution of losses.
Some of these assumptions could be relaxed to investigate their immasctresults, but at the
cost of greater analytical complexity.

In sections 3 and 5, we notéldat reinsurance supply, marketing effort, and changes in
surplus could be considered as substitutes. It seemed adequate tothasuhereinsurance
decision dominates ithe short term, but that tlt@o otherdecisions gain importance in the
longer run. Apromising avenuéor future research would be to moeéaplicitly thejoint optimal
selection of the threeariables. This would howevenply the extension obur model in three
directions: first, a multiperiod framework; secondly, introduction of a random process for direct

insurance demand; and thirdly, explicit consideration of“transaction costs.
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