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Tliis article analyzes insurance futures contracts versus reinsurance contracts as
alternative methods of trading underwriting risk. Insurance futures contracts are based on
the systematic portion of underwriting risk within a line of insurance. Because variability
in losses due to systematic factors is outside the control of individual insurers, futures can
allow for complete shifting of this pmtion of underwriting risk. In addition, the organizaticm
of a futures maricet is designed to allow for anonymity, which can enhance liquidity in the
mail̂ et for trading underwriting risk. An equilibrium model of an insurance futures market
is presented to provide insights about how unregulated insurers may use futures, the
determinants of insurance futtires prices, and flie impact of insurance futures on ttie primary
market.

The Chicago Board of Trade (CBOT) is expected to introduce a futures
contract on a pool of homeowners insurance policies in late 1992 or early
1993.' Contracts based on other lines of insurance, including group health and
auto physical damage, are under consideration. These contracts are based on the
underwriting losses of a large pool of policies; accordingly, futures allow for
explicit trading of the systematic underwriting risk within a line of insurmice.
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Schweb*;h <1992). Hofflander, Nye, and Nettesheim (1991) and D'Arcy and France (1992) also
analyze insnnuKe futures.
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that is, the underwriting risk that cannot te diversified away by writing policies
in one line of insurance. The trading of underwriting risk via a futures market
represents a departure from the bilateral trade of underwriting risks typically
observed in the reinsurance market to the anonymous trading of a contingent
claims market.

One objective of this article is to analyze insurance futures contracts versus
reinsurance contracts as altemative methods of trading underwriting risk. An
important distinction tetween these contracts is the manner in which they
mitigate incentive problems that arise when underwriting risk is traded.
Reinsurance contracts are based on the underwriting losses of a pool of policies
written by the ceding insurer. Consequently, an incentive problem arises: The
more risk that is shifted to a reinsurer, the less incentive the ceding company
has to select low risk policyholders and to reduce loss claims. Reinsurance
market participants recognize these incentive problems and attempt to control
them through incomplete risk shifting; for example, by using deductibles,
coinsurance, contingent prices, and experience rating. Futures contracts provide
an altemative way of mitigating the incentive problem associated with trading
underwriting risk. Futures payoffs are based on only the systematic risk within
a given line of insurance. Because underwriting losses due to systematic factors
are largely outside the control of insurers, futures contracts potentially allow
for complete risk shifting of the systematic underwriting risk inherent in the
policy pool on which the futures contract is based.

Another distinguishing feature of futures markets is the reduced need for
contracting parties to monitor the creditworthiness of other parties. Default risk
is negligible with futures, tecause traders post performance bonds (margin) and
tecause the clearinghouse guarantees performance on futures transactions. The
reduced need to monitor other parties allows systematic underwriting risk to te
traded anonymously (see Telser, 1981). Consequently, a futures market can
enhance liquidity in the market for trading underwriting risk. To assess whether
greater liquidity is a meaningful innovation, the factors affecting insurer
demand for liquidity and the cost of providing liquidity services in an insurance
futures market are analyzed.

The second part of this article presents a model of an insurance futures
market to analyze how unregulated insurers are likely to use insurance futures,
the determinants of insurance futures prices, and the impact of insurance futures
on t te primary insurance market. An important implication of this analysis is
that the extent to which insurers will use futures to hedge underwriting risk is
contingent on the value of t te equilibrium risk premium emtedded in insurance
futures prices. This risk premium depends on the compensation necessary to
induce maiicet participants to tear underwriting risk that is systematic within
a given line of business. If the equilibrium risk premium is small, insurers are
likely to find the risk reduction opportunities of futures cost-effective. Lower
exposure to underwriting risk can in tum reduce prices in the primary insurance
market.
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Description of Insurance Futures

This section provides a general description of insurance futures contracts.
The specifics of the contracts are subject to change and therefore are not
discussed in detail (for details of the contracts, see Chicago Board of Trade,
1992). The implications of the subsequent analysis are unaffected by minor
changes in contract specifications.

Insurance futures contracts are based on an index measuring underwriting
losses for a pool of policies written by several insurers in a given line of
insurance. Construction of the index requires policy information (policy
provisions, premiums, losses paid) from a number of different insurers.
Initially, the CBOT planned to construct its own pool of policies by having
"regular insurers" who would contribute information. However, the CBOT
found few insurers willing to participate (see Wall Street Journal, September
4, 1991).

For the homeowners contract, the CBOT has contracted with ISO Data
Incorporated, a subsidiary of the Insurance Services Office (ISO), to act as pool
manager. Each year, ISO Data will construct a pool of policies using data that
is submitted to ISO by member insurers. The pool will consist of policies
written in December of the previous year. For example, the 1993 pool will
consist of policies written in December 1992. The pool will consist of at least
100,000 "house years" or at least $40 million of expected earned premiums.
The pool will cover a geographically diverse set of policies with similar
contractual provisions, and the demographics of the pool will be published.^

There will be four futures contracts traded on each policy pool. The
contracts will expire at the end of four consecutive quarters. To illustrate,
consider contracts based on a pool written in December of 1992. A futures
contract will expire at the end of June 1993, September 1993, December 1993,
and March 1994. The payoi¥ on the June 1993 contract will depend on losses
incurred in the first quarter and paid in either the first or second quarter of
1993. More specifically, the futures contract is based on an underwriting loss
index equal to the ratio of losses paid to earned premiums. Algebraically, the
underwriting loss index for a contract expiring in quarter q is

l\q) = E /,.(<?) / E p^iq-l). (1)
(=1 / (=1

where Pj(q-l) = the premium earned on policy i in quarter q-1,
li(q) = the loss paid on policy i in quarters q and q-1 for losses that

occurred in quarter q-1, and
N = the number of contracts included in the pool.

^ E^ttiquake enckHsements are not included in the pool and policies from Texas are not
inclwied. For more infonnation, see Samorajski (1992) and Ote Chic^o Board of Trade (1992).
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A tilde over a variable means that its value is unknown prior to the end of
tte period.^ In practice, the index will te scaled by multiplying the value in
equation (1) by 100,000. For expositional ease, the 100,000 is omitted. Note
that the index is based on losses paid over a given interval of time, thus
avoiding problems associated with the meastirement of loss reserves. For the
remainder of the article, I(q) will te referred to as simply I, as only one
contract will te examined. Appendix A summarizes the notation used in this
article.

A potential problem is that insurers whose policies comprise the index can
take futures positions and then opportunistically release loss information or
alter the payment of losses."* Opportunistic tehavior of this sort will only
tecome a problem if an individual insurer's policies make up a significant
portion of the index. Of course, the CBOT recognizes the issue and has taken
steps to mitigate the problem. At least ten different insurers will have policies
included in the pool and no single insurer will have more than 15 percent of
tte included policies. Moreover, an insurer will te unaware of which of its
policies (if any) are included in the pool.̂

Analysis of Insurance Futures

Payoff from a Futures Position

We use a one-period model in which the ending date corresponds to the
expiration date of the futures contract. Trading occurs at the teginning of the
period and all positions are teld until the end of the period. A long position in
a futures contract yields a dollar retum of (I-f), where f is the futures price at
the time the position is initiated. A long futures position can te thought of as
agreeing to pay f in exchange for receiving the underwriting loss ratio on the
pool of policies comprising the index. Conversely, a short position can te
thought of as receiving f in exchange for paying the underwriting loss ratio on
the pool of policies comprising the index. All market participants have
homogeneous expectations conceming the index value.^

^ Earned premiums are assumed to be known once the ctmtracts are sold. In i»actice, there is
some uncertainty about earned premiunis because premiums are partially refiinited to consumers
if the policy is terminated prior to its expiration and because endorsements (changes in insurance
ccmti'acts) change premium revenue.

^ In an eifcxt to prmect themselves from this qjpcntunistic behavior, tra<fers providing liquidity
to the futures maiicet would likely witton their bid/ask spnead and tterefcue increase transacticm
costs fot all traders (Glostra and Milgrom, 198S).

' Even diough potential manipulation i»oblems exist widi most fotures contracts, there are
numerous successfiil c<Hitr3K:ts. For example, cfespite the f»:t that the three firm ccmcentration ratio
of wareiKMising space eligible tes delivery on the CBOT's soybean contract is 76 percmt, tfie
soybean ctxitract has tradni successfully for decadtes (see Peck and Williams, 1991).

^ InoofpOTBting hetm^eneous infimnation, idthmig^ beyoiul the »:ope of Ais paper, would
allow foe im amdysis of how insuraoice futures ptioes can re^«al information to nuDket participmts.
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Since the index is comprised of a large number of policies, its value will
differ firom its expected value, primarily because losses on the underlying
policies are correlated.^ This correlation is modeled by assuming a single
factor model for the index:

/ = £•(/) + F, (2)

where F is the unexpected realization of a systematic factor that affects losses
on the policies comprising the index.* Positive realizations of F indicate higher
than expected losses on the underlying policies and therefore a higher index
value. For example, a common factor affecting homeowners policies may be
the price of construction materials. Accordingly, equation (2) states that if the
price of construction materials is higher than expected, the index is higher than
expected. An alternative interpretation of equation (2) is that the common
factor indicates whether a natural disaster such as a hurricane occurs. The
possibility of a natural disaster implies that risks in the affected area are
correlated. Consequently, the occurrence of a disaster is equivalent to a positive
realization of F and a higher index value.

Define the futures risk premium, p, as the difference between the futures
price (f) and the expected value of the index; that is, p = f - E(I). Using the
model for the index (equation (2)) and the definition of the risk premium, the
payoff from a long futures position becomes (F - p). Intuitively, by taking a
long position, a trader expects to pay the risk premium; however, if the
realization of systematic underwriting losses, F, is high, then the long futures
position can yield positive profits. A short position yields the opposite payoff.
That is, by taking a short position, a trader expects to receive the risk premium.
If systematic underwriting losses are high, however, the short position can yield
a negative payoff. Thus, an insurer can potentially hedge variability in
underwriting losses by taking long futures positions.

Futures Contracts versus Reinsurance Contracts

The reinsurance market also provides opportunities for insurers to reduce
their exposure to underwriting risk. In general, the reinsurance market consists
of bilateral agreements between insurers. Reinsurance arrangements can be
categoriz«i as either proportional contracts (also called pro rata reinsurance)
and nonproportional contracts (also called excess of loss reinsurance).' With
proportional reinsimmce, the ceding company shifts a proportion of its premium

^ In practice, the variability of tte index will depend on die number of policies iticluded in the
undertying pool (i.e., the extent tt> which the pool is diversified).

' For expmitional ease, the moctel uses a single factor. The results of the pap» are unaltered
if F is tlwught of as a vector of fsK t̂ors. Tte factor F is referred to as sysmmatic underwriting risk
in this Ifae Of insiviBice. Tte i^m systematic should tM. be ccmfosed with systematic risk in tte
sense of (be c^iltal asset pricing nxxiel, as diis risk could piMsiUy te diversified away in a
pegtfo^ ot oiMa assets.

' Feiguson (1^0) describes 4 B different types of reinsiaance.
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to a reinsurer in exchange for the reinsurer paying a proportion of losses. In
essence, proportional reinsurance is equivalent to an equity position in the
policy pool of the ceding company. Nonproportional reinsurance arrangements
have payoffs similar to call options written on the ceding company's policies.
If losses are higher than some stated level (i.e., the exercise price), then the
reinsurer pays some proportion (usually 90 percent or 100 percent) of the
difference between losses and the exercise price. Nonproportional reinsurance
can be based on the losses resulting from a single policy, on the losses
resulting from a single occurrence (e.g., a hurricane), or on an aggregate basis
(i.e., all of the ceding company's policies). Since reinsurance contracts are
based on the ceding company's policy pool, reinsurance can influence
incentives of the ceding insurer to reduce underwriting losses. In particular, the
shifting of underwriting risk to a reinsurer can reduce the ceding insurer's
incentive to select policyholders with low expected losses, to reduce claim
costs once policyholders file claims,'*^ and to classify losses once they have
occurred as being covered under the reinsurance contract (Salm, 1980, p. 820).
Of course, participants in the reinsurance market recognize these potential
incentive problems and have devised various contractual provisions and
business practices to temper these problems.

For example, a primary insurer cannot cede all of its underwriting risk from
a group of policies or from a given occurrence to a reinsurer. Instead,
reinsurance contracts always share risk between the ceding company and the
reinsurer. Proportional reinsurance is equivalent to a coinsurance arrangement,
and excess reinsurance is equivalent to a deductible arrangement. In addition,
explicit contingent pricing schemes are often used. If the reinsurer experiences
large losses, the ceding company pays higher reinsurance prices." Even when
fixed (noncontingent) pricing is used, prices are often based on the ceding
company's past experience. The importance of maintaining a reputation limits
the opportunities for ceding companies to shop arotmd after poor loss
experience (see Gilliam, 1980). All of these practices are essentially risk
sharing arrangements.

Reinsurance contracts also contain provisions to mitigate these incentive
problems. For example, a reinsurer can conduct underwriting audits and claims
audits of ceding companies (Koehnen, 1980). Incentive problems are also
mitigated by the strong tradition in reinsurance that contracts are based on the
concept of "utmost good faith." This tradition is given substsuice by the

'" Reinsurance contracts usually have provisions that alk>w tlK reinsurer to participate in the
investigation, adjustment, and defense of claims. However, uiy reascmable approach to a claim is
generally mxfspbed by a reinsurer (see W. Milter, 1980, p. 593).

" Varkxis teims used to describe ccHitingent (Hieing incl i^ cimtingent commissions, slidvig
scale commissicms, seif-raing, and swing rating, liiere is usually a minimum and maximum price
in a givm perkxi. bi fong-term contracts, when the minimum ot maximinn constr^ts are reached,
the deficit OT surplus can be carried forward and charged against die next peMxl's ptk» (see
Ferguson, 1980; Coleman, 1980; S. Milkâ , 1980; Siimm, 1980).
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provision in reinsurance contracts that disputes will te settled through
arbitration. The arbitrators typically are officers of reinsurance companies, and
they interpret contracts "according to the customs and traditions of the business
as an honorable engagement" rather than according to law (see Salm, 1980, p.
79).

The proposed insurance futures contracts provide an altemative way of
alleviating these incentive problems. By trading only the systematic risk in a
given line, insurance futures contracts isolate those factors affecting underwrit-
ing losses that are unaffected by the actions of individual insurers.'^ Conse-
quently, an insurer that hedges underwriting risk through a futures market
maintains an incentive to identify low-risk policyholders and lower claim costs.
Isolating systematic factors outside the control of the transacting parties poten-
tially allows for complete shifting of the systematic portion of underwriting
risk, as opposed to partial shifting of total underwriting risk via reinsurance
contracts. Thus, by creating an index whose value is independent of the
contracting parties' actions, insurance futures contracts provide an altemative
contracting method for mitigating incentive problems.

Another important distinction tetween futures and reinsurance is that
reinsurance contracts are bilateral agreements that require monitoring of the
other party's creditworthiness.'^ A futures market, in contrast, virtually
eliminates the need for such monitoring. First, futures contracts are standard-
ized. Second, parties taking futures positions post a performance bond (margin).
Third, the futures market clearinghouse acts as a guarantor of futures
transactions.'"* Consequently, t te payoff on a futures position is independent
of the identities of other parties participating in the futures market. A futures
market would therefore allow insurers to shift risk to parties they do not even
know. This feature can enhance liquidity in the market for trading underwriting
risk. That is, an insurance futures market can allow market participants to alter
their underwriting risk exposure quickly and with little price concession.
Indeed, one of tte main arguments for why futures markets exist is to provide
liquidity (see Telser, 1981).

Market makers at the exchange supply the liquidity services in a futures
market by standing ready to buy and sell contracts. Market participants pay for
this liquidity service, in part, through the bid/ask spread. Tte bid/ask spread
compensates market makers for maintaining a market presence, carrying an

'^ An exception would be insurers whose policies comprise a significant proportion of the index.
" See Gonye (1980)'for a discussion of die importance of the reinsurer mtmitoring the ceding

company. Ceding comjKuiy monitwing of reinsurers is also important as is evident by recent
insolvencies (e.g., N4issimi and Transit) arising in part because of reinsurers' inability to pay
claims.

'* In reality, not all tractes are guaranteed by the clearinghouse. See Jwdan and Morgan (1990)
for additional di»Hissi(m of die operations of the clearinghouse. The guarantor function of the
clearii^house raises the issue, mx punued here, of whether the clearinghouse should be subject
to insursice regulation.
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inventory, and trading with market participants that have superior infonnation
(Glosten aid Milgrom, 1985).

Demand for Liquidity by Insurers

To assess whether the liquidity that a futures maricet provides is likely to be
valuable to insurers, we address two issues. First, once an insurer establishes
an optimal exposure to underwriting risk, how often does the insurer's exposure
change relative to its desired exposure? Ceteris paribus, the more often risk
exposures change, the more often insurers' exposures will deviate from the
desired level, and therefore the greater the need to adjust exposure quickly and
at low cost, that is, the greater the demand for liquidity services.

An insurer's underwriting risk exposure can change because of unexpected
changes in the quantity of business. For example, if an insurer writes more
policies than expected, it has more exposure to underwriting risk than expected.
In response to this additional risk, the insurer may wish to shift risk to another
party. Thus, the greater the variability in quantity of business written, the more
often insurers will need to adjust their underwriting risk exposure, and therefore
the greater is the demand for liquidity, ceteris paribus.

An insurer's risk exposure can also deviate from the desired exposure level
due to changes in expected losses on a fixed quantity of business. To illustrate,
suppose public information is revealed that losses on existing policies are
higher than originally predicted. Higher expected losses reduce economic net
worth and increase the likelihood of insolvency. If an insurer prefers to
maintain a fixed probability of insolvency, then it may respond by decreasing
its underwriting risk exposure (e.g., by going long in insurance futures). Thus,
tte greater the volatility in expected losses, the more often insurers will need
to adjust their underwriting risk exposure, and therefore the greater is the
demand for liquidity, ceteris paribus.

The second issue to consider when determining whether insurers will value
the liquidity that a ftitures market provides is how costly it is to adjust
underwriting risk through the reinsurance market. If underwriting risk exposure
can be adjusted quickly and at low cost through the reinsurance maricet, then
the liquidity of a futures market would add little to the existing maricet
arrangements. Adjusting through a reinsurance market entails two types of
costs: the costs of negotiating and monitoring reinsurance agreements, and the
time delay associated with arranging reinsurance. Grossman and Miller (1988)
argue that the cost of the time delay (i.e., the demand for immediacy) increases
as the price variability of the underlying commodity increases. Intuitively,
greater variability makes it ri^y for traders to wait to adjust their position,
becwse there is a greater possibility of an adverse price change during die
waiting period. If the variability in expected losses is high, dien there is a
greater possibility tlutt the prices at which risk can be shifted will change
significantly during the time it takes to neg(^ate a reinsunuice contract.
Ccmsequently, insurer demmid for the liquidity diat a futures market caa
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provide will probably te higher in lines of business that have high variability
in expected losses.

The time delay, and therefore one of the costs of adjusting exposure through
reinsurance, can te reduced by treaty reinsurance arrangements (see Coleman,
1980; S. Miller, 1980; Simon, 1980). With treaty reinsurance, the ceding
company and the reinsurer agree ex ante that the ceding company will
automatically cede the policies that it writes to the reinsurer. In other words,
the amount of reinsurance ceded depends upon the amount of business written
by the ceding company. In contrast, with facultative reinsurance, there is no ex
ante agreement to cede policies; instead, each risk transfer is negotiated
separately. Thus, with treaty reinsurance, insurers can adjust to unexpected
changes in risk exposure arising firom unexpected changes in the quantity of
business with no marginal negotiation costs and with no time delay. If an
insurer writes more policies than expected, a proportion of the additional
policies are automatically reinsured through a proportional reinsurance
treaty.'^ Thus, the demand for liquidity that arises from variability in the
quantity of business written is already provided by treaty reinsurance contracts.

The liquidity provided by treaty reinsurance, however, does not extend to
situations in which an insurer wishes to alter its risk exposure tecause of
unexpected changes in expected losses on existing policies. Suppose, for
example, public information is revealed that losses on homeowners policies will
te greater than initially expected. As a consequence, an insurer writing
homeowner policies has a reduction in net worth, ceteris paribus. Further
suppose that the insurer desires to offset its increased risk of default by
decreeing its exposure to possible future increases in underwriting losses. One
way to accomplish this would te to cede a greater proportion of its homeown-
ers business to a reinsurer. Changing the proportion of policies ceded, however,
requires negotiation of a new reinsurance contract. Thus, treaty reinsurance
does not provide a liquid mechanism for insurers to adjust to unexpected
changes in risk exposure arising from information conceming the losses on
policies already written. Futures contracts may fill this gap.

Supply of Liquidity Services in a Futures Market

Another important issue is whether there will te a sufficient supply of
liquidity services in an insurance futures market. For most commodities traded
in a futures market, there exists a well-defined spot market for the same
conmiodity. A spot market provides a means by which traders can hedge their
futures positions and therefore decrease t te cost of providing liquidity services.
In addition, a weU-defined spot market provides opportunities for traders to

" Ti««y leinHuance is nuwe likely to be used when policies are relatively ^
lQt««stiiigly, homogowity is also likely to be a necessary characteristic fot the policies conprising
the futuies index.
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arbitrage price differences across markets. Arbitragers supply additional
liquidity to. a futures market.

The insurance futures market does not possess a well-defined spot market
in which all market participants can take long and short positions. Insurers and
reinsurers have long positions in insurance policies and can increase or
decrease these exposures in the reinsurance market. However, other market
participants cannot replicate these positions, at least in the short mn.'^ Thus,
insurers and reinsurers may be the only market participants with the opportuni-
ty to hedge their futures positions and to take arbitrage positions. The absence
of a well-defined spot market for other market participants may increase the
cost of supplying liquidity services.

A related problem is the difficulty traders may have in pricing the contract.
When a contract is initiated, the CBOT will publish characteristics of the policy
pool on which the contract is based. The purpose is to identify to all market
participants exactly what is being traded; in essence, the CBOT standardizes
the underlying commodity. An issue arises, however, about whether two policy
pools with the same published characteristics are essentially the same
commodity. In other words, will the underwriting profits on pools of insurance
policies with similar published characteristics be highly correlated over time?
If not, it will be difficult to price the contract, because traders will not know
what the underlying commodity really is. Pricing may also be made more
difficult if historical data on the underwriting profit index is unavailable
(D'Arcy and France, 1992). The difficulty in pricing is likely to increase
bid/ask spreads as providers of liquidity services attempt to protect themselves
from traders who have better information about the value of the underlying
index.'^

Other Differences Between Futures and Reinsurance

Futures contracts and reinsurance contracts differ on several other dimen-
sions. In contrast to reinsurance contracts, futures contracts are standardized
and therefore cannot be tailored to meet the specific needs of some parties. In
addition, reinsurance can be tied to other services, such as advice on underwrit-
ing, investments, and claim reserving (see Baker, 1980, p. 45; Gonye, 1980, p.

'̂  A short position in an insurance futures contract differs fiom a long position in a portfolio
of insurance stocks in several respects. Futures provides a "pure play" in the underwriting losses
on recently issued policies in a particular line of insurance. In contrast, the payoff firom holding
stock in insurers depends on the retum an insurer earns on its investment portfolio, on the
underwriting profits in possibly other lines of insurance, and on expected profits of policies to be
issued in the future.

'̂  As jweviously noted, one pMential source of systematic underwriting risk is weatter-relaced
natural disasters such as hurricanes and tornados. In this context, tte index of underwriting losses
on homeowners policies will te driven largely by weather disasters. Huis, thme futures market
participtnts that have a superior ability to fwecast te weatter will te able to price diese futures
contr»:ts better than ottiers. Futures trados in odwr maricets have exhibited an uiKanny iMIity to
fcwecast weadier-related |rfienonien<Mi (e.g.. Roll, 1984).
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453). Linking risk bearing services with the provision of information may be
efficient because it increases incentives to provide accurate information.

The accounting for reinsurance transactions creates another difference
between reinsurance and futures. Under statutory accounting principles,
reinsurance can increase the surplus of the ceding insurer. Consider a
reinsurance transaction in which an insurer cedes 50 percent of the $100 it has
in policyholder liabilities. If the ceding commission is 30 percent of the value
of the transaction, then instead of paying the reinsurer $50 (50 percent of
$100), the ceding company pays $35 (50 percent of $100 times 1 minus the
commission rate, 0,3), The effect is that liabilities are reduced by $50, but
assets are reduced by only $35, thus decreasing the ceding company's leverage
(see Bidcer, 1980, pp. 37-38). This increase in surplus can have a real effect on
the quantity of business written given regulatory constraints on the premium to
surplus ratio. In contrast, futures would be treated as a investment that would
not alter the value of assets or liabilities and therefore would not alter
regulatory capital.

A Model of the Insurance Futures Market

A model is now constructed to examine how unregulated insurers are likely
to use insurance futures and the possible impact of futures on the primary
insurance market.'* The determinants of equilibrium insurance futures prices
are also analyzed. Although the model's structure is similar to other (more
general) models in the futures literature (see, for example, Feder et al,, 1980;
Anderson and Danthine, 1983; MacMinn et al., 1984; Kawai, 1983; Hirshleifer,
1988), the model is designed to focus specifically on insurance futures and the
behavior of insurers.

Assumptions

Each insurer has the following value function:

Max V = [E(y) - 1 Var(y)], b>0, (3)

where y equals an end of period value, and the parameter b is a measure of the
degree to which the insurer is averse to variable cash flows. The value function
in expression (3) is similar to the specification used by Doherty (1991), where
the second term is referred to as variance related costs.' ' Variance related

'* Regulati<xis are likely to be developed that vv-ould restrict tiie types of positicms insurers can
take. For example, insurers tnay be allowed to use futures for hedging and prohibited from
speculative pi^itions. Speculative positions could include taking a short position or an extreme
lotg position. Of cwirse, such regulations would require costly monitoring of insurere' positions.

" Tlie (^jective function assumes that the cost of bearing maiicet risk is the sant» as the cost
of bearing nonmaiket risk. A more general specification, but one which does ncrt lead to different
implications, would separately price tnarket risk and variance related costs (SM Doherty. 1991),
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costs arise for a variety of reasons, such as the existence of undiversified risk-
averse claimants (Mayers and Smith, 1982), a progressive corporate tax
structure (Main, 1983; Smith and Stuiz, 1985), bankruptcy costs (Kim, 1978),
informed policyholders who are willing to pay a premium for lower default risk
(Doherty and Tinic, 1981), or quasi rents from investments in developing a
customer base (Harrington, 1992).̂ " This objective function captures in a
simple manner the market imperfections that cause insurers to act as risk
averters in most circumstances.^' Explicit modeling of these market imperfec-
tions would complicate the analysis considerably and divert attention away
from insurance futures contracts.^^

Insurers are price takers and can write policies in two lines of insurance,
denoted by the subscripts 1 and 2. Let Q, and Qj equal the quantity (premium
volume) of homogeneous insurance written in the two respective lines. The
insurer's policies expire after one period, and the coverage period for the
policies corresponds to the listing period for futures contracts. Premiums are
received at the beginning of the period, and losses are paid at the end of the
period. For simplicity, incentive problems such as those discussed in the
previous section are not incorporated in the model. ITie interest rate is zero,
and the insurer has no expenses other than underwriting losses.̂ ^

The insurer's average loss per dollar of premium (the average loss ratio) in
the two lines is L, and Lj, respectively. Insurance futures contracts are
available only in line 1, and Ae average loss ratio in line 1 is further specified
to equal

L, = £(£,) + Y^ + e.

£(F)=0, £(g)=0,

^ Quasi rents are the returns earned in excess of the variable cost associated with the activity.
Insurers who have made investments in developing a custcnner base may wish to protect the quasi
rents earned on these investments from insolveiM;y. In essence, the loss of quasi rents is a
bankruptcy cosL

'̂ An excepti(m to this stittement is that, because of limited liability, insurers who are close to
insolvency may have an incentive to "go for taoke" and therefrae increase risk.

^̂  Tttt parameter b/2 in the value functim measures the insmw's variance related ctKts per unit
of variance. The per unit cost of vmance is likely to depend on the amount of insurer capital. In
general, tte greyer tiw amount of capital, the lower the cost of having variable cash flows (excqpt
when a(Uiti(»al c^tital would not likely redtKe vaHaiKe related costs vising from a iHio îessive
tax sBuctwe). We assume die ammmt of ci^ital held by die insurer is exc^enous.

^ The assum|Xions of the model (e.g., no investment risk, no expenses, and the fiitiw^ ccKOiaci
listBig p»iod equals the covoage poiod Ux insurance pdicies) elimmate several pc^raitial sources
of backgroirad d ^ to an insurer. FiM-a discussion irf how bwd^RNiad rid( affects optunal fuUiies
pcMit»ns, see Briys, Croi^y, ttul Schtesinger (1991). Also, this formtd^ion i^xnesdw possiU&y
that uisurance a ^ M a y %sets o n hedge
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where F is the factor determining the random payoff on a futures contract in
line 1, and £ is the unexpected realization of the average loss ratio due to
factors that are uncorrelated with F. This specification implies that, even though
policy specific risk is diversified away (due to sufficient premium volume),
there are two sources of underwriting risk to an insurer writing in line 1. The
first source, F, is the same factor that makes the futures index uncertain. The
second source of underwriting risk, E, is independent of the futures index. For
example, suppose the futures contract is based on an index consisting of
policies from all across the nation. A regional insurer will have uncertainty
concerning its loss ratio because of national factors (F) and because of regional
factors (£). The parameter, y, measures the sensitivity of the insurer's policies
to the systematic factor F. The model assumes that insurers know the
correlation between the losses on their policies and losses on the policies
comprising the index. If this information is unknown or is extremely costly to
obtain (for example, because of the lack of historical data), then insurance
futures are not likely to be an effective hedging tool.

The second line of expression (4) implies that the two sources of risk have
zero expected values and that the firm specific source of risk is uncorrelated
with the risk associated with the futures contract and with business written in
the other line of business.

The number of contracts chosen by the insurer is given by n. A negative
value of n indicates a short position, and a positive value indicates a long
position. Insurers wishing to hedge their underwriting risk will take long
positions (n > 0). Combining the payoff from the futures position with the
payoff from the underlying policies written in the two lines yields the following
end of period value:

y = G,(l-£i) + Csd-A) ^ «(^-P)- ^̂^

Optimal Behavior by Insurers

The insurer chooses the number of policies written in each line, Qj and Qj,
and the number of futures contracts in line 1, n, to maximize the objective
function given in expression (3).^* The first-order conditions are'̂ ^

^* The c^imal values of Q, and Q2 are assumed to be non-negative. In addition, position limits
in futures contracts are ignored. ITw Commodity Futures Trading Commission can impose position
limits to prevent excessive speculation and/or market manipulation. Hedging positiwis, defined as
futures positions whose fluctuatims in value substantially offset changes in the value of the
trader's cash positicxi, aje exempt firom these position limits. State insurance regulations may also
impose limits on the size of an insurer's futures position. For example, Aitures margin is not
usually admined as an as%t thtt can satisfy minimum capital requirements. OrK:e an insurer has
satisfied minimum capital requirements with otter assets, however, tfiey are not usually limited
in the size of dieir futures positions. In other words, the capital in excess of the minimum required
capital can be fully used as margin on futures positions.

"The sec(md-order conditions are satisfied if b>0, Var(e)>0, Vai<L2)>0, and
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n -
bVar{F) Var(F)

n , y i ) y Q f ( , ^ )
+ , andbVar{L^) Var{L^)

Ql - —^X- + ——^—^

where K; = 1 - E(L,), the expected profit per dollar of premium on policies
written in line i. For now, n, is assumed to be exogenous; later the equilibrium
value of 7t, is determined.

The first term in equation (6) is the number of futures contracts taken for
speculative ptirposes. This component is negatively related to the risk premium.
The second term in equation (6) is positive and equals the number of contracts
needed to hedge all underwriting risk in line 1 business. The more business that
is written in line 1 (i.e., as Q, increases), the greater the incentive to hedge.
The parameter y measures the sensitivity of the insurer's business in line 1 to
the systematic factor in line 1; the greater y is, the greater the incentive to
hedge. The last term is the number of contracts taken to hedge underwriting
risk in line 2. If the systematic factors in line 1 covary positively with the loss
ratio in line 2, then uncertainty in line 2 business can be hedged by long
positions in line 1 futures contracts. The extent to which this cross-hedge is
undertaken depends on the amount of exposure that the insurer has in the other
line, as measured by Q, and the degree to which the lines covary.^*

Equations (7) and (8) describe the optimal number of policies to write in the
two lines of business. Consider expression (7) describing the number of policies
written in line I. The first term would be the number of policies written if the
insurer's only operation was writing policies in line 1.̂ ^ The second term is

*̂' If premiums and capital are invested in risky assets, the optimal futures position would
change. In particular, the optimal futures position would take into account the covariance between
systematic underwriting losses aid tte asset portfolio. Comparative statics for the optimal ftittires
position yield tte following results:

^ < 0, — > 0, — > 0. ^ ' > 0.
dp 971, 3)tj dyF)

^̂  This model assumes that tte insurer is a price taker. That is, tte expected underwriting profit,
It,, is determined at the mitfket level. If tte insurer faced a downward sloping demand curve,
it,(Q,), tte first term in equation (7) would be

—! , wAere "!(0,) < 0,

implying a lower output level, ceteris paribus.
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the adjustment to take into account the covariance between policies written in
line 1 with the other operations of the insurer, that is, any futures positions and
policies written in line 2. If the insurer is hedging with futures contracts, n is
positive, which increases the number of policies written in line 1 relative to the
case when no futures market exists. Intuitively, futures reduce risk bearing
costs and therefore lead to an expansion of output.

The effect of writing policies in line 2 on the optimal number of line 1
policies depends on the covariance between F and Lj. If the covariance is
positive then additional line 2 business tends to decrease the amount of line 1
business. Intuitively, as the covariance between line 1 and line 2 increases, so
does the risk of writing an additional policy in line 1 for any given number of
line 2 policies. Expression (8), which describes the number of policies written
in line 2, has a similar interpretation to expression (7),

Additional insight concerning the use of insurance futures and their impact
on the primary market can be obtained by solving the first-order conditions for
n and Q,. To simplify the algebra, the covadance between the two lines is
assumed to be zero. In this case, the optimal values for n and Q, are

Va/-(£,)
n -

(9)

bVarm
Note that the optimal futures position depends upon the expected profit from
writing or reinsuring policies relative to the futures risk premium. Similarly, the
quantity of insurance supplied (Q,) depends on the expected profits relative to
the futures risk premium. Thus, an immediate implication is that the futures
market and the primary insurance market are interrelated.

This analysis implies that there is a range of values for 7C, for which insurers
writing policies in line 1 will be long in futures and a range for which they will
be short (see Figure 1). Insurers with high expected underwriting profits will
write a large number of policies and hedge underwriting risk by taking long
futures positions. In contrast, insurers that have low expected profits from
writing policies in line 1 will write fewer policies and are more likely to find
short futures positions desirable.

The CBOT literature discusses two uses of futures by insurers (see Chicago
Board of Trade, 1990). First, insurers writing in the line with a futures contract
can take long futures positions to hedge the underwriting risk of the policies
they have written. Second, an insurer writing in another line can cede some of
its policies through'reinsurance and then take a short futures position to obtain
greater diversification. The analysis here, although not inconsistent with the
CBOT literature, implies that the expected profits in the primary insurance
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market determine whether an insurer would take a long or short futures
position.

Figure 1

Optimal Futures Position (n) and Quantity of Insurance Written (Q,)
as a Function of Expected Profits in the Primary Market

Q,,n

= Var(L,)/72Var(F).

The analysis heretofore considers the behavior of a representative insurer
who is a price taker in the futures market and in the primary insurance market.
This model of insurer behavior is now used to analyze equilibrium in the
futures market and equilibrium in the primary insurance market.

Futures Market Equilibrium

To provide insights about the futures market equilibrium, consider the simple
case in which the proportion of identical insurers participating in the market is
a. Insurer behavior is described by n' given by equation (6). Other market
participants, who comprise (1-a) of the maricet, are assumed to have the same
objective function as insurers (expression (3)), except their underlying position
(i.e., position net of futures) differs from insurers.^' Unlike other futures

'* In a more general model of insurer investment behavior, od«r investment opportunities may
dominate futures positions for insurers.

^ An altenmive way to model equilitmum in rtie futures market is to assume tii» insurers are
heterogeneous with respect to expected {Hofits frcrni writing insurance in line I due to diffoent
cost structures. As presented in the previous section, some insurers would tlwn take long positicms
and some short positions. Yet another altemative is to assume insurers are heterogeneous with
respect to variance related costs (different b parameters). See Doherty (1991) and Garven and
Louberge (1992) fw analyses along this line.
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contracts, there is not an obvious party on the other side of the market from
insurers, that is, a party for whom a short insurance futures position would
hedge their underlying risk. For example, in the commodity futures contracts
(e.g., soybeans), farmers can hedge their output price risk by taking short
futures positions, and food producers can hedge their input price risk by taking
long futures positions.

Although the extent to which there will be short hedgers in the insurance
futures market is ultimately an empirical question, it is difficult to identify a
major group of futures market participants who are likely to be short
hedgers.^ Therefore, it is assumed that another party with a natural short
position does not exist. Instead, other market participants are assumed to be
investors holding equal shares of the maricet portfolio. The end of period value
of each investor's share of the market portfolio is denoted w(l+r^), where w
is each participant's initial investment in the market portfolio, and r^ is the
random market retum. The behavior of other market participants is found by
maximizing their objective function with respect to the number of futures
contracts, m*. The resulting first order condition is

bVar{F) Var{F)

If the Cov(fn,,F) is positive, then other market participants can hedge their
investments in the market portfolio by taking short insurance futures positions.

Equilibrium in the futures maricet requires that the risk premium, p, takes
on a value that equates n*a with -m*(l-a).^' The equilibrium risk premium
IS

p* = bVar{F)
CoviFl^)

aye, + aGj r— - d-")
VariF) Var{F)

(11)

The sum of the first two terms in brackets is the hedging component of
instirers' positions, and the last term is the hedging component of other market
participants' positions. If the hedging components net to zero—that is, if the
long hedging component of insurers is exactly offset by the short hedging
component of other market participants—^then the equilibrium risk premium is
zero. If, however, the short hedging component of other market participants is
less than the long hedging component of insurers, then the equilibrium risk

^ For tte homeowners contract, a potential (but unlikely) short hedger could te building
contractws. By taking short futures petitions, large contractors could pmentially hedge tteir risk
of unexp«:ted chants in demand arising from less than expected damage to existing buildings.

'̂ ' Tte assumptions of tte model imply that ttere is always an equilibrium in tte market.
Appendix B, however, introduces a fixed cost of trading futures which causes tte market to fail
in some situations.
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premium will be positive, indicating that insurers must expect to compensate
other market participants for taking on underwriting risk.

TTiis analysis indicates that a determinant of the equilibrium risk premium
(and of whether the market fails) is the covariance between underwriting losses
and the market return (i.e., Cov(f^,F)). If underwriting losses are positively
correlated with the market portfolio, a short futures position helps reduce the
total risk of a diversified investor's portfolio. On the other hand, if underwrit-
ing losses are negatively correlated with the market portfolio, then a short
futures position adds risk to an investor holding the market portfolio. The
greater the magnitude of the negative correlation, the more compensation
investors require to take on this risk, ceteris paribus. Cummins and Harrington
(1985) estimate the correlation between underwriting profit in property-liability
underwriting lines and the market portfolio and find the correlations are low in
general.

Primary Insurance Market Equilibrium

To examine the impact of an insurance futures market on primary market
prices, the model is closed by assuming a perfectly inelastic demand schedule
facing each insurer, where <t> is the quantity demanded. Incorporating an elastic
demand does not change the implications of the analysis but does complicate
the expressions and the exposition. Equilibrium requires that expected profit,
71,, take on a value so that the quantity demanded equals the quantity supplied,
where the supply schedule is given by equation (9). Imposing the equilibrium
condition yields the following expected profit with futures:

7t, = O6Var(e) + yp. (12)

Since there are no transaction costs in the model, the expected profit is the risk
loading fee on insurance. If p = 0, then the only risk that affects the equilibri-
um risk load is the risk that cannot be hedged through futures, Var(g). In
general, however, the risk load depends on Var(e) and the cost of hedging
through the futures market, p.

Combining the equilibrium futures market condition (equation (11)) with the
equilibrium insurance maiicet condition (and assuming Cov(F,L2) = 0 to
simplify the algebra) yields the following risk load:

Jt, = i[OVar(e) + aOyVaKF) - il-a)wCov{f^f)]. (13)

The equilibrium risk load depends on the amount of risk that cannot be hedged
through futures plus a weighted average of the risk that can be hedged [Var(F)]
and the market risk of underwriting losses [Cov(f^,F)]. The smaller a is, the
more important the market risk of underwriting losses and the less important
the risk that can be hedged through futures.

In the extreme case in which insurers are an infinitesimal part of the futures
market (a approaches zero), the insurer's hedging demand has no influence on
the equUibrium futures price. In this situation, the expected {Hofit or risk load
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depends not upon total risk, but upon the risk that cannot be hedged through
futures (Var(e)) and the market risk of underwriting losses (Cov(f^,F)). Thus,
an implication of the model is that the futures market causes primary market
prices to be more in line with financial models of market valuation (see
Cummins, 1991).

Summary and Conclusion

Insurance futures represent a competing secondary market to a reinsurance
market for trading underwriting risk. A major function of secondary markets
is to allow market participants to adjust their portfolio holdings (i.e., adjust
their exposure to risk).^^ On this dimension, a futures market differs from a
reinsurance market in several important respects. Although contracts can be
tailored to meet spiecific needs through a reinsurance market, insurers exf)end
costs in searching for a counterparty and negotiating the terms of a contract.
Each party to a reinsurance contract must also monitor the other party's default
risk. Futures contracts, on the other hand, are standardized, and the clearing-
house guarantees performance of opposing parties to a futures contract. These
features allow participants to adjust their risk exposure quickly, so they need
not bear the risk of adverse price changes. In addition, the payoff on an
insurance futures position is based on a pool of policies that is largely outside
the control of the transacting parties. This feature mitigates incentive problems
with respect to loss control and allows for risk shifting opportunities that are
unavailable from reinsurance contracts.

If insurance futures are successfully introduced and insurers use them to
reduce underwriting risk, then a beneficial impact on the primary insurance
market is likely. However, the use of futures by insurers depends upon the
equilibrium futures risk premium, which depends upon the compensation
required to induce other parties to bear underwriting risk. If traders require a
large risk premium, then insurers are less likely to use futures.

The success of insurance futures contracts ultimately depends upon whether
futures would allow insurers to hedge underwriting risk at low costs relative to
reinsurance contracts. This is an empirical issue that can only be addressed
once the contracts are introduced. Meanwhile, a more limited research issue
could be addressed. A necessary condition for insurance futures to be
successful is for futures to provide an effective hedge. This issue could be
addressed empirically by constructing an underwriting loss index and
examining the correlation between this index and individual insurers'
underwriting profits in a particular line of business. Finding significant

^̂  Secondary markets also provide, via the equilibrium price, market participants' assessment
of a commodity's value. Tte potential revelation of information through the futures price was
ignored in this paper by the assumption of homogeneous expectations. Nevertheless, anotter
potential contributicm of an insurance futures market is the aggregation of teterogeneous
expectatiois concemirtg underwriting losses.
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correlations is not, however, sufficient to conclude that futures will be
successful, as such an analysis does not consider the potential cost of using
futures (the risk premium paid to other participants) relative to the cost of using
existing reinsurance markets. Indeed, in order for insurance futures to be
successful, these contracts must provide a cost-effective method of reducing
underwriting risk relative to reinsurance contracts.
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Appendix A

Summary of Notation

I End of period index value on which the futures contract is based.
p, Premium on policy i which is included in the pool of policies comprising

the index.
1, Loss on policy i which is included in the pool of policies comprising the

index.
N Number of policies in the pool comprising the index,
f Futures price.
F Random systematic factor determining losses on policies in line 1.
p Risk premium on the futures contract in line 1 = E(I) - f.
V Begirming of period value of an insurer.
y Random end of period value of insurer.
b Variance related cost per unit of variance (a measure of risk aversion).
Qj Quantity (premium volume) of insurance written by insurer in line i.
L, Loss per dollar of premium (loss ratio) experienced by insurer in line i.
Y Sensitivity of insurer's policies in line 1 to systematic factor (F) in line I.
e Random factor affecting losses in line 1 that is uncorrelated with systematic

factor in line 1.
n Number of futures contracts in line 1 used by insurer.
Jtj Expected profit from writing insurance policies in line i.
w Initial investment in market portfolio by other futures market participants.
?„, Random return on market portfolio,
m Number of futures contracts in line 1 used by other futures market

participants.
a Proportion of futures market participants that are insurers.
O Inelastic quantity of insurance demanded.
C Fixed transaction cost,
V* Maximum value of insurer's objective function.
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Appendix B

To analyze the possibility of a futures market failure, a fixed cost
associated with trading futures is incorporated in the model (see Black, 1986,
for an extensive analysis of success and failure of futures contracts). This cost
includes the cost of becoming informed about insurance futures contracts, the
costs associated with setting up the operations necessary to trade and monitor
futures positions, and any regulatory costs associated with trading futures. The
fixed cost implies that if the benefits of trading futures do not exceed the costs,
then potential traders will not take positions. If a sufficient number of potential
traders do not take positions, the market will fail.

Maintaining the assumption of homogeneous insurers and other market
participants, the market will fail if the equilibrium risk premium, p* given in
equation (11) falls in the range in which, because of transaction costs, either
insurers or other market participants do not trade.^^ The following proposition
provides a necessary and sufficient condition for market failure.

Proposition: The insurance futures market will fail if and only if

]is/b[yQ;Var(F) . Q;COV(FJL,) ^ wCovjr^f)] ^ ^ ^^^^

s/2StdiF)

where p = min(a,l-a), and C = fixed transaction cost.
Intuitively, the condition states that the benefits from hedging to insurers and
other participants are less than the cost of hedging.

Several implications follow directly from the proposition. Market failure is
more likely to occur as transaction costs, C, increase; the amount of insurance
written in the underlying line decreases; and the covariance between systematic
underwriting losses and the underlying positions of other market participants
decreases. If it is assumed that the covariance between lines 1 and 2 is zero,
then it can be shown that the inequality is less likely to be satisfied if
systematic underwriting risk in line 1, Var(F), increases. Intuitively, if there is
little systematic underwriting risk, then insurers' incentive to hedge using
futures is low.

To illustrate the model, parameter values are now specified. Assume
insurers comprise 50 percent of the market (a = .5), the covariance between the
systematic factor in line 1 (F) and losses in line 2 business (Lj) is zero, the
covariance between the systematic factor in line 1 (F) and the market retum
(r^) is zero, and the sensitivity of an insurer's policies to the systematic factor
(y) is one. The standard deviation of F is assumed to be 0.06. This number is
the estimated standard deviation of the loss ratio (incurred losses divided by
earned premiums) on homeowners policies calculated using annual data from

^^ To simplify the presentation, it is assumed that insurers have long futures positions in
equilibrium, and other market participants have short iiitures positions.
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1973 through 1990 obtained from Bests' Aggregates and Averages. Empirical
estimates of the variance related cost per unit of variance (b) do not currently
exist. It was argued above that b is likely to be inversely related to an insurer's
capital. Therefore, b is set (rather arbitrarily) to one over surplus. Finally,
assume premium volume in line 1 (Q,) is 50 percent of surplus. Substituting
these values into inequality (14) yields the relation:

C > 0.00011 surplus , (1^)

suggesting that the market will fail if fixed costs exceed 0.11 percent of
surplus. For example, if each insurer's surplus equaled $500 million, then fixed
costs of approximately $56,0(X) would cause the market to fail. We must
emphasize that this example is meant to illustrate the model, rather than
provide a prediction. A complete analysis would require additional research on
appropriate parameter values.

It is also important to note that insurers are not homogeneous, as is
assumed in this model. Indeed, insurers are likely to vary in terms of their
marginal variance related costs, b; their transaction costs in using futures, C;
and their size (capital). Heterogeneity will give rise to different "demands" for
futures (i.e., different n functions) and some insurers will find it optimal to use
futures and others will not. Thus, even if the condition stated in the proposition
held for a subset of insurers, the market would not necessarily fail.

Proof of Proposition:

The market will succeed if both insurers and other market participants find
it optimal to use futures. A trader will use futures if the following condition is
satisfied:

V - {V*\ «=0} > C, (16)

where C is the fixed cost of trading, and V* indicates the maximum value of
the trader's objective function. The left side of inequality (16) is the difference
between the value of the trader's objective function when futures are and are
not used. The right side is the cost of taking a futures position.

For insurers, inequality (16) is satisfied if

bQlyVar{F) + bQ;Cov{Fj:^) > p* >

Std{F)sl2Cb + bQlyVar{F)

For other market participants, inequality (16) is satisfied if

-Std{FyJ2Cb - b\vCov{f^,F) > p ' > Std{F)'j2Cb -

Assuming insurers take long positions and other market participants take
short positions, the left side of expression (17) is irrelevant, and the right side
of expression (18) is irrelevant. The condition for a successful market is,
therefore.
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/) < p* < -Std(F)\l2Cb

Substituting expression (11) fw p* and rearranging tenns yields the condition
given in the proposition.
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