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ABSTRACT

This article discusses the Chicago Board of Trade's proposal to establish a market for
futures contracts (and options on futures) written on insurance business. A European call
option on an insurance future is equivalent to a stop-loss reinsurance contract on the
portfolio of insurance policies underlying the futures contract. Put options correspond to
the discounted expected value of retained losses. After a credible experience record is
developed, an insurer can determine the correlation of its own portfolio of policies with the
market portfolio and use the futures options maiket as a partial substitute for traditional
stop-loss reinsurance. The advantages of such a maiicet are that it provides a tool for
hedging business risk, it allows an entity to participate in the market portfolio's profitability
without being a licensed insurer, it may have lower transactions costs than traditional
reinsurance, and it provides a mechanism for price discovery. But, despite the advantages
of an insurance futures market, there are serious barriers to its success, which are discussed
briefly.

Introduction

In May 1990 the Chicago Board of Trade (CBOT) announced a novel
insurance futures contract designed to allow the insur^ce industry to hedge
business results. We develop a valuation model for the proposed futures
contracts. The model incorporates some features used in popular models for
fmancial futures and options maricets, such as the well-known Black-Scholes
(1973) option pricing model and the Black (1976) futures option pricing model.

There are three insurance futures contracts under consideration by the
CBOT, each pertaining to a different line of insurance: health, homeowners,'
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and catastrophic property damage.̂  Options on these futures are also under
consideration. In addition, futures markets for marine insurance are being
developed in London. Because of possible competition, only general informa-
tion is being provided to the public until the proposals are approved by the
Commodities Futures Trading Commission.

Preliminary announcements by the CBOT indicate that an insurance futures
contract would be based on a pool of qualifying policies representing a national
cross-section, and a new policy pool would be compiled each January.̂
Demographic information and other aggregate policy characteristics will be
published upon pool formation. Qualifying policies must originate in the month
of pool formation and must have fixed premiums over the first year. Qualifying
insurers will be anonymous, and no insurer may comprise more than 15 percent
of the pool. The CBOT will designate a pool manager (e.g. a statistical agent
such as the Insurance Services Office) to estabhsh the pool and monitor
aggregate premium and claims activity.

We describe the value upon which the futures contract is based in more
detail below, but for our introductory discussion it is sufficient to define it as
100,000 • LR, where LR is the loss ratio (paid claims divided by earned
premiums)."* A futures trader who believes current insurance futures prices are
low would buy insurance futures. No cash outlay is required, beyond
establishing a margin account. The trader merely notifies a broker and pays a
small transaction fee. As the futures price increases, the buyer's margin account
is credited with the increase. If the fiitures price decreases, the trader's margin
account is drawn down correspondingly. Margin accounts are adjusted for gains
and losses on a daily basis. A trader who expects a price decline would sell
insurance futures.

Although the contract is ultimately settled on the basis of actual claims and
premiums, the day-to-day settlement prices are determined by market
consensus— t̂he same way the more familiar commodities markets work. But,
unlike the more familiar commodities futures, insurance futtires obligations
cannot be settled by delivery of a commodity. Insurance futures are similar to
the very successful futures written on stock price indices. In the case of a
futures contract written on a stock price index, the futures obligations are
settled in cash on the basis of the stock price index value at the time the
futures contract matures. The value of 100,000 • LR plays the same role for
insurance futures that the stock price index plays for stock price futures. Thus,

^ The cittastn^die futures contract is based <m an aggregate weighted average of property losses
across the f(41owing lines: private passeaget automobile physical damage, commercial automobile
physical dmnage, fire, allini, Jraneowiwrs multiple peril, commercial multiple peril, farmowners
muitipie poii, earthqui^, and inland marine.

^ Details of ihe fiitures contract may vary slightly by Une of insurance. Fbr example, tfiere may
be an additionai iKaltt faisuiance pool fmned each Jttly, and there may be additional cstastrof^
ccmtiK:̂  i»sed cm regkxial pools.

* The scttlonmt valiK is 50,000 • LR fen- the jwoposed homeowners futures craitract and
25,000 • LR fw Ae jnoposed catastro{^ futures ccmtract.
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information about claims payments will be very important to insurance futures
traders.

Each nlonth, until the last contract expires, insurers participating in the pool
will report their premium and claims activity to the statistical agent, and this
infonnation, in aggregate, will be made public. Other events will also have an
impact on futures prices. For example, a hurricane might have an impact on
homeowners insurance futures prices. We can expect insurance futures prices
to vary from day to day just as the more familiar futures prices of commodities
and financial instruments do, even though actual data will be reported only
once a month. The mark-to-the-market mechanism will be used to pass these
market value changes to buyers and sellers daily based on each day's closing
price.

On the contract's maturity date, the ratio of paid claims to earned premiums
per $1(X),(XX) of premiums will be computed for the designated time period. On
the maturity date, the settlement price is equal to this number. Altfiough the
computed ratio of claims to premiums may be greater than one, this is unlikely
because the premiums are loaded for expenses, profits, and contingencies.

There will be four contracts available for each pool, pertaining to losses in
each of four quarters over a one-year period. The loss period for each contract
consists of one quarter. The reporting period for each contract includes the loss
period and the quarter following the loss period. A contract is based on
premiums earned and claims paid in the loss period plus claims reported and
paid in the second quarter of the reporting period that are associated with
events occurring in the loss period. Although all contingent events affecting the
value of the final settlement index will have occurred by the end of the
reporting period, the final settlement index will not be computed until
approximately three months later to allow time for the collection of data from
participating insurers. At that time, the contract will mature and trading will
cease. The contract month is defined as the last month of the reporting period.
For example, the contract for the first quarter will expire at the end of June,
and final settlement for the June contract will occur at the end of September.
Trading in all four contracts will begin when the pool is formed. Figure 1
illustrates the timing associated with a hypothetical pool formed in January
1993.

The computed loss ratio does not take into account operating expenses or
earnings on invested assets. Because premiums are relatively certain, the
volatility of the futures price will result fix)m the uncertainty in claims.

A distinguishing feature of these futures contracts is that the underlying
instrument is a portfolio of insurance contracts, for which there is no spot
market. TTius, tire price infonnation that is needed to set the daily closing
futures prices is obtained in other ways. First, some maricet participants are
insurers who know their own results and can dierefore better estimate the
maricet portfolio value. Second, frcwn time to time during the life of the futures
ccmtract the pool manager announces the loss results for policies in
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Figure 1
Futures Contracts on Hypothetical

Pool Formed in January 1993
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the market portfolio. Other, less direct information that the market might take
into account in trading includes news of natural disasters, epidemics, etc.

Unlike stock index futures, we see a potential for fraud and abuse of
insurance futures through manipulation of the loss ratio index. For example, a
participating insurer (or one of its employees) could delay the reporting of
losses, thereby biasing the information that is reported by the pool manager.
Withholding of claims information may afifect futures prices directly, because
any losses not reported by the end of the settlement period would not be
included in the final settlement index, nor would they be included in the index
for the subsequent quarter. (Because e£u;h contract is based on losses that occur
dtiring a designated quarter, die index for the subsequent quarter would not be
affected by losses that occurred prior to its designated quarter.) Such inside
information could be an enormous advantage.

Altlrough some insurers have been using financial futures successfully for
years to hedge interest rate risk, a survey by Hoyt (1989) indicates that the use
of financial futures, in life insurer operations is surprisingly infrequent. Tte
users tend to be companies with interest-sensitive products, such as guaranteed
investment contracts. As life insurers become more competitive with other
financial institutions, it seems reasonable that many of ttem will develop the
expertise required to use financial futures, md hedging of interest rate risk is
likely to become common practice.
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Hedging of underwriting risk in property-liability insurance is a more
difficult problem. An insurer can hedge underwriting uncertainty of its own
portfolio directly through various types of stop-loss reinsurance agreements.
Insurance futures contracts allow hedging of underwriting risk, but the hedge
is not perfect because the insurance futures are based on the market's rather
than the insurer's insurance portfolio. This article shows how the insurance
futures maricet relates to traditional reinsurance hedging and investigates the
possible use of the proposed contracts. We also address practical issues such
as the impact of hedging techniques on financial statements, the possible
problems with regulators, and the impact on insurer solvency.

Futures Contracts

A futures contract binds two parties to a transaction in the future, at a
contractually specified price. When the contract is written there is no exchange
of cash. Rather, the futures price is simply recorded as a basis for gains and
losses. The buyer of a contract has a long position, while the seller has a short
position. A position may be held until maturity, or it can be closed out before
maturity by taking an offsetting position.

To close out a position before maturity, a long trader sells a contract, and
a short trader buys a contract. A trader's net gain or loss from a contract is
equal to the difference between the closing and opening prices of the
underlying object. For example, if the closing price is higher, the long trader
experiences a gain and the short trader experiences a loss.

Some questions about insurance futures must be resolved before they are
accepted by traders and insurance regulators. Because there is no spot maricet,
the potential for information asymmetries exists. Traders will be unwilling to
enter the maricet if they believe others have superior information regarding the
value of the instruments. Even limiting insurers to 15 percent of the policy pool
does not protect against collusion by insurers who provide information for the
index. Making insider trading activities public would violate the anonymity of
pool participants. However, traders must be assured of the absolute integrity of
the index or these contracts will fail. Howard (1990) points out that some
insurance regulators are skeptical of the new securities, and there is some
question about how the use of insurance futures and options should be treated
on insurers' financial statements. Even though an insurer owning a futures
option has a potentially valuable exercise right (and no lialnlity), regulators
may treat such contracts as nonadmitted assets. Ilie CBOT is pushing for
recognition of insurance futures, and the l^alth and homeowners insurance
contnK:ts have rqwrtedly been approved as qualified investments by tlw Illinois
Insurance Etepartment (Cox, 1992).

(^tmns fm Futures Cmifiracts

An c^on cm a futures (xmtmct, scsnetimes call^ a futures q^titm, gives the
qjMion owner the right to open a futures position at die contract's striking price.
Marking to the market begins when the optioa is exercised, so the gain cm an
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exercised option is recognized immediately. In general, an American option can
be exercised any time on or before the option's expiration date, while a
European option can only be exercised on the expiration date and not before.

A Hedging Example

Our example concerns a health insurer expecting a loss ratio of 0.65 on a
block of group health insurance in force. That is, the insurer expects to pay
claims of $65,000 per $100,000 of premiums. The insurer is naturally long in
this block of business, or, equivalently, it has a naturally short position with
respect to its claims level because it will be worse off if its claims are greater
than expected. The idea imderlying a hedge is to take a position in the futures
market that is opposite your natural position. Because the insurer is short with
respect to its claims level, it takes a long position in the futures market by
purchasing group health futures that mature in one month. Suppose that the
current futtues price per contract is $62,000; that is, tte current market
consensus is a loss ratio of 0.62 on the market portfolio of insurance policies.
Suppose that the insurer opens long futures contracts, one for each $100,000
of premiums it has on its own portfolio. One possible outcome when the
contract matures (or is closed out by an offsetting position) is that the insurer's
portfolio and the market portfolio both experience more claims than anticipated.
Suppose tte insurer experiences a loss ratio of 0.70, realizing an underwriting
loss of $5,000 per $100,000 of premiums relative to its expected loss ratio of
0.65. If the futures price is $66,000 at the end of the month, the insurer can
close out its contract, realizing a gain of $4,000 per contract. The results per
$100,000 of premiums are summarized telow:

Insurer portfolio loss: $70,000 - $65,000 = $ 5,000
Long futures position gain: $66,000 - $62,000 = $ 4,000
Net result for tedged portfolio: $ 4,000 - $ 5,000 = -$1,000.

As the example suggests, insurers typically will not te able to perfectly
hedge tteir underwriting results through the use of futures contracts. One
reason is that the insurer's portfolio of policies may not te perfectly correlated
with tte market portfolio. Anotter reason is that futures contracts are sold only
in increments of $100,000, while the block of business might have actual
premiums of some odd amount, such as $830,000. In this case, the insurer
wouki buy eight contracts, and only $800,000 in premiums would te hedged.

If tte insurer's portfolio and die market portfolio experience lower claims
than anticipated, die hedge would cause the insurer to miss out on some
underwriting gains. For example, if both portfolios experience a decrease in tte
loss ratio (of the same magnitude as above) instead of an increase, the results
would te as follows:

Insurer portfolio gain: $65,000 - $60,000 = $5,000
hmg fiitures position loss: $62,000 - $58,000 = $4,000
Net result for hedged portfolio: $ 5,000 - $ 4,000 = $1,000.

Putwes hedges reduce die pcMential for upside risk as well as downside risk,
because tey effectively allow the insurer to fix its loss ratio at tte current
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value, at least to the extent that its portfolio is correlated with the market
portfolio.

It is imix)rtant to note that the futures contract is based solely on claims
fix)m events during the loss period that are reported before the end of the
reporting period of the contract. The hedger must take into account any
additional runoff of incurred claims.

An Example Using Options on Futures
The reason for using futures contracts to hedge underwriting risk is to reduce

the volatility of an insurer's cash flows. The smoothing of cash flows will
reduce the insurer's risk, but it will also reduce the potential for gains in the
event of favorable underwriting experience. By using options on futures, an
insurer can protect against losses while retaining most of' its upside potential.
This is analogous to the use of stock options to create portfolio insurance on
investment portfolios.

Suppose that, instead of buying a futures contract, the insurer purchases a
call option on a futures contract with a striking price equal to the current
futures price of $62,000. Because the insurer is hedging results over the next
30 days, it will choose an option that expires after 30 days. Now, if the insurer
suffers an tmexpected underwriting loss of $5,000 and the futures price
increases to $66,000 at the end of the month as in the previous example, the
insurer could exercise the call or sell it in the options markeL The exercise
value of the call is $66,000 - $62,000 = $4,000; this is a lower bound on the
option price. Thus the insurer could realize an immediate gain of at least
$4,000 by selling the option. This gain will partially offset the $5,(X)0
underwriting loss. Thus, if the futures price increases, the put option provides
the same hedge as the long futures position described above. Although the
option did not expose the insurer to additional risk or margin calls, the insurer
had to pay for the call option. The net gain or loss to the insurer must also
include the cost of the optitm.

If die futures price decreases and the insiu êr experiences less claims than
anticipated, then the call option will be worthless and the insurer would let it
expire without any further obligation. The insurer would realize an underwrit-
ing gain of $5,000 relative to its expectations, but its net gain would be
reduced by the cost of the call option. The effectiveness of this strategy
depends on the extent to which the company's own loss ratio and the futures
price are correlated. In the extreme case where they are perfectly correlated, the
insurer's total loss potential (relative to its original expected loss ratio) is
limited to the cost of the call option.

Futures Options as Reinsurance

Buying a call option on a futures contract is a way to purchase a stop-loss
reinsurance on an aggregate portfolio of policies. In the previous example, the
net retention by the ceding insurer is $62,000 per contract ($62,(K)0 per
$100,000 of premiums on the policies underlying tiie futures index, not cm the
insurer's own policies). Maitet portfolio claims in ex(%ss of $62,000 per
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$100,000 will drive the futures price above the exercise price of $62,000,
resulting in a payoff to the ceding insurer by the reinsurer (the seller of the call
option) in an amount equal to the excess of claims over $62,000. This is
precisely the payoff that would be specified by a stop-loss reinsurance contract.
The cost of the call option is the reinsurance premium.

Interpreting insurance futures and futures options as reinsurance may create
regulatory problems. If regulators view the contracts as reinsurance, they might
try to require the CBOT to register as an insurer. Howard (1990) addresses this
issue, noting that the CBOT is making sure that it communicates to regulators
that it does not intend to conduct insurance business.

One can imagine conditions under which the CBOT would indeed have
obligations equivalent to those of a reinsurer. For example, suppose that the
index is moving steadily against a futures seller (i.e., the index is increasing).
The CBOT limits its liability by requiring the seller to mark to the market. If
at the end of a trading day the seller cannot mark to the market, the CBOT is
obliged to make good on the contract to the buyer so it may have a loss
(limited to a day's movement of the index). The CBOT closes out the seller
and matches the buyer with a new seller. In large markets with many parties
having natural interests in buying and selling, such as bond futures, there may
be little difficulty in finding a new seller. However, if the price is expected to
keep increasing, so that very few traders are willing to sell, then the CBOT
may have more than a single day of price movement to cover. If this should
occur, it will find itself in the insurance business.

The new insurance futures will compete directly with the reinsurance
industry. However, the usefulness of reinsurance will not disappear. Reinsur-
ance provides a number of functions that are not provided by insurance futures.
The potential benefits of reinsurance include a banking function that helps to
finance a ceding insurer's growth (see Reinarz, 1969). Reinsurers do this by
assuming a portion of the unearned premium reserves that the ceding insurer
is required by state regulators to maintain and by paying a reinsurance
commission to the ceding insurer. This can help the ceding insurer to achieve
a favorable ratio of surplus to unearned premium reserves, which regulators use
as a measure of solvency. Reinsurance also allows insurers to quickly get in or
out of specific geographic markets. Insurance futures representing a nationally
diversified cross-section of policies would not enable insurers to target specific
geogr^hic regions. Another advantage of reinsurance over insurance futures
is that reinsurance contracts cover the ceding insurer's own policies rather than
an index of policies that are less than perfectly correlated with its own. For this
reason, reinsurance allows insurers to accept laiger policies.

The advmitages of insurance futures over reinsurance are that insurance
futures would be more liquid, and trading insurance futures would enable
insurers to avoid certain disclosure requirements that are required in formal
reinsursuice agreements. The process of contract negotiation would also be
avoided because the insurance futures would be standardized contracts.
Insurants futures would entail transactions costs, but ttese might be small
relative to the costs of reinsurance contracting.
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Other Uses for Insurance Futures

Traders in futures markets are often placed in two categories: hedgers and
speculators. Hedgers are those who have a naturally long or naturally short
position in the underlying asseL Each hedge requires a speculator to take the
otter side of the futures transaction or another hedger who has a naturally
opposite position. Obviously, insurers have naturally short positions in
underwriting losses and therefore would tend to purchase instirance futures or
call options to hedge their positions. It is unclear wtere the demand for a short
futures position might originate or who—other than speculators—would te
willing to sell call options.

An insurer may telieve it can do a tetter job of underwriting than the
market, and this insiu'er can use insurance futures to speculate. (A numerical
example telow shows how an insurer may te led to speculate.) We telieve that
insurance futures would provide economic advantages teyond providing a tool
for hedging and speculating. Potential users of insurance futures include not
only direct insurers but also reinsurers and self insurers. Purchasing a put
option allows one to participate in the market portfolio's profitability without
having to te a licensed insurer. A reinsurer might find that lower transactions
costs make selling insurance futures a cheaper way to write more reinsurance
business. However, futures sellers share in the profitability of otter insurers
only to the extent that tte profitability is not recognized by the market. This
is an important distinction tetween writing insurance jmlicies and selling
insurance futures. When writing a policy, the insurer earns the profit. Wten
selUng insurance futures, the trader profits only if the futures price declines.

Trading in futures can reduce the volatility of insurer cash fiows and
decrease the probability of insolvency. But futures have otter important
economic tenefits (Carlton, 1984), including the liquidity of standardized
contracts. Tte existence of an organized market also provides a mechanism for
price discovery. Insurance regulators could use futures prices as a measure of
tte adequacy of existing rates. Moreover, an efficient market would give
insurers a consensus expectation of underwriting risks in particular lines of
insurance. Thus, futures may improve the efficiency in insurance markets.

A Model <rf Insurance Futures Markets

Tte assumptions underlying tte Black-Scholes option pricing model are
quite resttictive but i»vertheless yield a very usefiil and widely accepted
formula for pricing short-term options on assets or indices that do not vary
much with interest rates, lliis is very similar to tte insurance futures
environment, with the exception of tte statistical nature of the price index. The
usual assumption for tte Bl^k-Scholes model is that tte prices of the
underlying'asset are lognormally distributed. We defer for tte moment our
discussi(Mi of tiw ptcAxMhty distributitm of claims. However, we adopt die
odier assumptions underiying die Bl»;k-Schotes model. For example, we
asstnne tte existeiKx: of a amstant risk-fti^ rate of interest, tte absence of
transactirais costs and infonnittion asymmetries amcmg investors, and tte
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absence of arbitrage opportunities (additional assumptions are discussed in
ingersoU, 1987). Some of these assumptions are unlikely to be realized in the
real insurance futures market, especially the assumptions about the absence of
transactions costs and information asymmetries among investors. However, the
Black-Scholes model has gained wide acceptance in the context of flnancial
markets even though flnancial markets also do not satisfy all of the assump-
tions. This framework appears to be a reasonable starting point for the study
of insurance futures.

A flnal assumption allows us to specify the statistical nature of the insurance
index. We defer making a specific assumption as to the statistical nature of the
aggregate claims while continuing the discussion in general terms. Let S(t)
denote the aggregate claims reported (or paid) during the interval [0,t], the flrst
t years of the policies in the market portfolio. The flnal settlement value of the
futures contract is

i £ l 100,000,
Q

where Q is the aggregate premium paid for the market portfolio. Let Y(t)
denote the market portfolio losses which are reported after the current time t
but included in the settlement value: Y(t) = S(T) - S(t). Various statistical
distributions are used in actuarial models of insurance claims processes to
describe Y(t). At time t, the exchange announces the current loss ratio on the
market portfolio (or, equivalently, the value of S(t)). Rather than specify a
particular distribution for the claims process, at this point we assume only that
Y(t) has flnite mean and variance and that increments in S(t) (or log S(t)) are
independent. These assumptions are commonly used in actuarial woik.
Estimates of the distribution would be made from announced values of S(u) for
various times u < t. Estimates of these parameters will depend upon the
distribution assumption for the claims process. For example, if a normal
distribution is assumed, then the usual sample mean and sample variance are
the maximum likelihood estimators.

We denote the flnal settlement index by F(T). Dropping die 100,000
multiplier, we deflne it as

Q

At times t < T, the futures price should be the expectation of F(T), conditional
on dK information available at time t. We assume that ail maiket participants
have the sune information.^ This information includes all of die prior
announcements about aggregate claims. Let J, denote the information available

^ As noted above, diis assumptkm will tiot hold in Ae pixqtosed ms^esx, because repoiting
c<K^Mnies wiH know paid tosses before tiiey are repwted to tte pool managor and announced to
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at time t. The information sets are increasing in the sense that J, 3 J^ for t >
u. That is,̂  we assume that J, includes the information generated by the loss
process, S(u), for times u < t. This leads to the following formula for the
futures price:

Fit) = E[F(T) \J,]

= 1E[S{T) \J,]

= ^ ( 5 + EiY(f) ,

where S(t) = S. Note that the index F(t) is always nonnegative.
Bowers et al. (1986) describe the collective risk model that is used to

describe claims for insurance policies such as health, automobile physical
damage, and property damage, as well as many other lines. According to their
model, Y(t) would have a compound Poisson distribution. The aggregate
amount of claims incurred under the insurance contracts is the sum of a random
number of individual losses which are independent and identically distributed.
The number of losses in the interval (t,T] is a Poisson random variable. Denote
its parameter by (T-t)X, where X is a positive constant. According to this
model, the aggregate losses would sum to

where X,, X2, ..., Xĵ  are identically distributed random variables, and the
random variables N, Xj, Xj, ... , Xfj are mutually independent. The moments
of the claim size distribution are p,̂  = EPC''] for k = 1,2, .... Traders would
have to estimate the parameters X and p̂^ to use the model for trading purposes.
These parameters are related to the parameters of the aggregate distribution by
the equations

and

The futures price according to this model would be

A second popular aggregate claims mcxlel uses the lognormal distribution for
S(T). This is the same distributional assumption that is used for the spot price
in the Black-Scholes model. However, the parameters here are derived fixsm the
insurance portfcdio, not financial maricets. Stonuin (1991) discusses a similar
melhcxi of pricing futuies coittracts. In this setting, the ccnrect distrilniticmal
assumption specifies that the logarithm of S(TyS(t), ctxiditicHial cm S(t) = S, is
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normal with mean \XT and variance a^x, where t = T - t. In this case, the
futures price is

Fit) = :^ZL exp (pT 4
Q ^

However, we do not need to specify a particular distribution for S(T); our
results on the relationship tetween prices of futures options and stop-loss
reinsurance are valid for any aggregate claims distribution.

Options on Futures

Now we consider European options on futures. The options are teing valued
at time t. The following notation is used:

S = S(t) is the current announced value of aggregate insurance losses,
F = F(t) is the current futures price,
T = T - 1 ,
r = the risk free interest rate,
X = the contractually specified exercise price of the option,
C = the current price of the call option, and
P = the current price of the put option.

The absence of arbitrage opportunities implies that the price of an option is
equal to the discounted expected value of its exercise value, with the
expectation conditional upon the information J^ available at time t. Consider the
call option: If the settlement value F(T) is less than the exercise price x, then
tte value of the call option is zero; if the settlement value F(T) is greater than
the exercise price x, then the option is worth F(T)-x. Hence, the option's
exercise value at time T is max{0, F(T)-x}. The price of a futures call option
is

C = e"^ E[m&x{Q,FiT)-^x} \J,],

wtere F(T) = S(T)/Q. This simplifies to

C = '^ j(f-x)dG(f),

where G(f) is the cumulative probability distribution of F(T), conditional on J,.
That is, G(f) = Pr[F(T) < f | JJ.

Changing variables by substitution of f = s/Q leads to an equivalent
expression in terms of a stop-loss insurance premium:

OO

C = e-^ ji-^-x) dH{s),
xQ ^
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where H(s) = Pr[S(T) < s | J,] = Pr[F(T) < f | J,] = G(f). This simplifies to

C = iZ J{s-d) dH(s),

where d = xQ. Thus, the price of a call option on the entire market portfolio,
CQ, is equal to the discounted expected value of claims paid at time T under
a stop-loss reinsurance on the market portfolio with retention d = xQ, where
X is the exercise price of the call.^

The mathematics of stop-loss premiums has been developed by Gerber
(1979), Bowers et al. (1986), and many others. In the case where S(T) is
assumed to have a compound Poisson distribution. Bowers et al. show how to
calculate the stop-loss premiums recursively. And when S(T) is lognormal, the
call formula becomes

C =

where jiT and â T are the mean and variance of the logarithm of S(T)/S(t), the
notation S, Q, r, x, d, and t are defiiKd as before, 4>(y) denotes the standard
nonnal cumulative distribution function, and

log(£) - Mt + ^
_ and

(pt + ^ )
Because F(t) = .Ulli e •̂  ,the call formula can be written as follows:

-rx
C = 1-.IQF

This last expression is similar to Black's (1976) formula for the price of a call
option on a futures price.

The European put option on the same futures contract is related to the call
option by the put-call parity relaiksi:

C ~P = e " {E[F(T)\J,] - x ) .

' The ieiaaooshq> between Boa^opotdoBal reiasuiuice n d opdons {akiag is also ^own in
Ctmimiiis (1990).



Insurance Futures and Hedging Insurance Price Risk 641

where C is the price of the call option, and P is the price of the put option.
Using this relation and the call price formula, we can determine the put option
formula. After some manipulations, the put formula can be stated as

d

P = LI. {{d-s) dH{s).

Thus, the price of a put option on the entire market portfolio, PQ, is equal to
the discounted expected value of retained losses under a stop-loss reinsurance
on the market portfolio with retention d = xQ, where x is the exercise price of
the put.

These models show how futures traders might determine speculative
positions. For example, a trader may have information (public and private)
which it uses to estimate the mean and variance of the logarithm of S(T)/S(t).
These CMI be used to estimate pt and CĴ T, the parameters of the lognormal
model. Then the trader could calculate the value of the put option and call
option using the formulas above and use the results to formulate trading
strategies.

Our formulas are valid for European options. Because the proposed
insurance futures options are American options, their theoretical values may
differ. Nevertheless, in other markets, the Black-Scholes formulas for European
options are widely used as ajqiroximations to prices of American options. Our
adaptations to insurance futures markets should be equally useful and
successful.

As an example we calculate the value of a call option. We set Q = 1, x =
0.62, r = 0.05, x = 0.25, a = 0.5, and S = 0.40. We computed the implied
futures price F ani the call option price C using the lognormal model and
various values of p (see Figure 2).

If the actual market price (F or C) were different from tiie computed value,
the tra&r would be tempted to take a speculative position in die futures or
options maricet based on the implied value of ji. For example, a market value
of F = 0.60 implies a value of n in the neighborhood of 1.50. If the trader
believes that 1.00 is more likely correct, then futures contracts will appear
overpriced in the current maricet and the trader would be tempted to sell
futures.
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Figure 2
Numerical Example: Pricing of Futures and Futures Options
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Conclusions

Our results show the relations that insurance futures contracts have with
traditional stop-loss reinsurance contracts. We have identified strong reasons
why insurers may choose not to use insurance futures and options. The
relationship between insurance futures and reinsurance is imperfect: The
"reinsurance" obtained through a futures put option is on the market portfolio
rather than on the buyer's own portfolio. None of the services that reinsurers
provide their customers is available through futures options. The potential for
manipulation and fraud is greater with futures and options than it is with
traditional reinsurance. Insurers may not have the expertise required to engage
in futures maricets. The accounting and financial reporting of "reinsurance"
obtained through a futures option is uncertain. Finally, insurers are often
criticized for being poor managers of risk. (Executive Life's failure was
attributable to inappropriate investments and pricing, and other firms have
made poor investment decisions or mispriced economic risks.) This criticism
and the public perception that futures markets are risky and speculative may
discourage many insurers from participating in the insurance futures market.
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