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INTRODUCTION

Recent catastrophic events such as the Hurricane Andrew and the Northridge earthquake each
cost the insurance industry in excess of $10 billion. While most insured losses were paid, each
event did cause some insolvencies. These events illustrate the potential stresses facing insurance
markets. Andrew, which cost the insurance industry about $15.5 billion,1 would have been much
more severe had its path veered slightly to hit Miami. Moreover, scenarios constructed by the
insurance industry suggest the feasibility of a $76 billion hurricane in Florida, a $21 billion
Northeast hurricane, a $72 billion California earthquake and a $101 billion New Madrid
earthquake.2

At first glance, it might appear that the insurance industry would be able to pay for such mega
catastrophes. The U.S. property-liability insurance industry consists of about 2,400 companies,
with premium revenues of $280 billion and aggregate equity capital (surplus) of somewhat over
$250 billion (1996 data). Moreover, the industry has access to international reinsurance markets,
thus seemingly providing an extensive resource base to cushion the financial shock of a large
catastrophic loss.

However, a closer look at the industry reveals that the capacity to bear a large catastrophic loss is
actually much more limited than the aggregate statistics would suggest.  The purpose of this paper
is to shed some additional light on this issue by analyzing the sources of capacity available to the
industry.  While the industry clearly does have the capability to absorb some catastrophic losses,
its current configuration is probably not adequate to absorb the “big one,” at least without
considerable disruption to the market.  We explain the reasons for this market failure and propose
a solution to the problem — the securitization of insurance risk.

                                                       
1Source Property Claims Services of the American Insurance Services Group.

2These figures relate only to the insured damage. The total damage would be higher. For hurricane losses a
substantial portion of total losses is likely to be insured. However, for earthquake losses. many properties are not
insured and others carry high deductibles. Thus, for earthquake losses the total societal loss could be multiples of
this estimate. These figures were produced in a study by Risk Management Solutions (2.5.95) though similar
“ballpark” figures are being produced in other studies.



SOURCES OF INSURANCE CAPACITY

This section evaluates the principal sources of capacity available to the property-liability insurance
industry and provides an analysis of the level of capacity that might be available from each source.
To provide a conceptual foundation for the discussion, it is helpful to distinguish between  two
principal types of insured losses:

(1) High-frequency, low-severity losses.  These are losses that are numerous and small
relative to industry resources. A good example is automobile collision losses.  Although such
losses may be considered a serious financial hardship to the individual insured, they are very small
relative to the resources of the industry.  Moreover, there are large numbers of such losses, most
of which are statistically independent, meaning that the occurrence of any one accident is not
usually associated with other, related accidents.  For types of insurance where there are many
statistically independent losses, insurers can exploit the statistical property known as the “law of
large numbers.”  The law of large numbers essentially says that when large numbers of statistically
independent events are observed, the average loss becomes highly predictable.  Or, in other
words, the chances become small that the actual observed losses will deviate from expected losses
by an amount which is large relative to the overall expected value of loss.  This is the type of loss
the insurance industry handles most effectively.  By pooling together the losses of many
individuals with statistically independent risk exposures, the industry is able to charge premiums
which reflect the expected or average loss plus expenses and a relatively modest charge for risk
bearing.  The industry’s equity capital is more than adequate to absorb any adverse fluctuations in
losses of this type.

            (2) Low-frequency, high-severity losses.  The second major type of loss is the type
represented by large catastrophes, i.e., events that occur infrequently and are large relative to the
resources of the insurance industry.  This type of loss is much more difficult for the insurance
industry to handle because the usual pooling mechanisms do not apply.  The events are simply not
sufficiently frequent for the law of large numbers to operate.  For this type of loss, the insurer is
essentially in the same position as the policyholder in the usual insurance transaction, i.e., the
insurer faces a loss that amounts to a high proportion of its resources and that is highly uncertain
or unpredictable. Low-frequency, high-severity losses cannot be handled effectively by the
insurance industry acting alone. However, these losses can be diversified by pooling them with
other economic events that are not usually the subject of insurance.  This is accomplished through
the securitization of risk, as explained in the last section of this paper.

Premium Revenues

Industry premium revenues totaled more than $280 billion in 1996.  However, the vast majority of
premiums are used to pay high frequency, low severity losses such as automobile insurance and
workers’ compensation claims.  In fact, the industry tends to pay out more than 100 percent of
premiums as losses and expenses for non-catastrophe claims.3  This is shown in Figure 1, which

                                                       
3The industry can pay out more than 100 percent of premiums as losses and expenses because it earns investment
income on funds that are invested between the premium payment and loss payment dates.



graphs the industry combined ratio for non-catastrophe and catastrophe losses from 1987 through
1996.  The combined ratio is defined as the ratio of loss and expense payments to premiums.  As
the figure reveals, the industry paid out more than 100 percent of premiums for non-catastrophe
losses and expenses in each of the years 1987-1996.  The proportion of total premiums paid out
as catastrophe losses varied from less than 1 percent to about 10.5 percent (as a result of
Hurricanes Andrew and Iniki in 1992).  Of course, when losses and expenses are much larger than
premiums as they were in 1992, insurers must tap other resources in order to pay the claims.  The
principal resource that is available is equity capital, which is held by insurers to back their promise
to pay claims if greater than expected.  The adequacy of equity capital in the industry to sustain a
large catastrophic shock is discussed below.

Figure 1 also suggests that losses from catastrophes are also much more variable than losses from
the high-frequency, low-severity coverages that account for the majority of industry premium
revenues and loss payments.  The relative variability of the two types of losses can be measured
by computing two statistics often used to measure risk — the standard deviation and the
coefficient of variation.  The standard deviation is a measure of the degree of variability about the
average or expected value.  The coefficient of variation is defined that the ratio of the standard
deviation to the average value and is designed to facilitate comparisons of data series with
significantly different average values.  Data series with relatively high standard deviations and
coefficients of variation are viewed as having high risk.  The standard deviation of the non-
catastrophe combined ratio is 1.68, while the standard deviation of the catastrophe combined ratio
is 3.14.  This confirms that catastrophe losses are much more risky than non-catastrophe losses.
The distinction is even more dramatic when the coefficient of variation is considered — the
coefficient of variation of non-catastrophe losses is only 0.016, whereas the coefficient of
variation of catastrophe losses in 0.997.  This lack of predictability that characterizes catastrophe
losses is the primary reason that large catastrophe losses are difficult for the insurance industry to
finance.

Reinsurance

The international reinsurance market would seem to provide a significant source of funding for
large property catastrophes.  Large reinsurers write coverage worldwide, allowing them to
diversify across events occurring in different parts of the world.  This provides a degree of
statistical independence and exposure to a larger number of events, enabling reinsurers to take
advantage of the law of large numbers.  In addition, following Hurricane Andrew, many new
reinsurers were formed, primarily in the Bermuda market, providing additional reinsurance
capacity.

Although the reinsurance market clearly provides a valuable source of  capacity for primary
insurers, there are a number of reasons why this market probably is not adequate to handle major
catastrophes.   One problem with the reinsurance market is that it is cyclical.  That is, insurance
and reinsurance markets tend to go through alternating periods of “hard” and “soft” markets.
During a soft market coverage is widely available and prices are relatively low, but during a hard
market the quantity of available coverage falls and prices rise, often dramatically.



A recent study of prices and quantities in reinsurance markets reveals a high degree of cyclicality
during a period ranging from the mid 1970s to the early 1990s (see Froot and O’Connell, 1996).
Froot and O’Connell find that the quantity of catastrophe exposure ceded by a sample of major
primary insurers to the reinsurance market declined by about 20 percent in the period following
Hurricane Andrew.  The study also measures the price of reinsurance during this period, where
price is defined as the ratio of the premium paid to the estimated expected loss, and shows that
the price ratio increased from about 2.0 to about 6.0 following Hurricane Andrew.  It is clear
from the results that reinsurance markets experience periods of severe coverage shortages and
sharp price increases.

Many reasons have been advanced for the existence of cycles in insurance markets (see, for
example, Winter, 1994, and Cummins and Danzon, 1997).  One hypothesis is that capital does not
flow freely into the industry following a shock because of information asymmetries between
insurers and capital markets.  Another is that insurers raise prices following a shock in part to
attain target levels of capital relative to liabilities.  Parameter uncertainty also may help to explain
cyclicality in reinsurance markets.  The occurrence of a major catastrophe such as Hurricane
Andrew introduces new information into the market that causes buyers and sellers to revise their
expectations about the frequency and severity of future catastrophic events.  With only limited
information available, sellers may demand a higher risk premium to compensate for the
uncertainty about loss frequency and severity, accounting for increases in the reinsurance price
ratio following a shock.

The amount of capital available in the reinsurance market also places a limit on capacity.
Although definitive information was not available for this draft of the paper, McIsaac and Babbel
(1995) find that the total premium revenues of the twenty-five largest reinsurers was only about
$50 billion in 1992, the year of Hurricane Andrew.  Even assuming that reinsurers have $1 of
capital for each $1 of premiums, which would be a very high ratio of capital to premiums by
historical standards, this would indicate that the major reinsurers at that time had a maximum of
about $50 billion in equity.  This clearly would not have been enough to fund a $75 billion
catastrophe.

Equity Capital (Surplus)

The most important source of funds that insurers could use to finance a major catastrophic loss is
the industry’s equity capital.  The industry’s total capital of $250 billion (1996) would seem to
provide an equity cushion that could absorb a large catastrophic loss.  However, the actual
amount of capital that would be available to fund any given loss is likely to be considerably less
than the total; and even if all $250 billion were available, a loss approaching 1/3 of the industry’s
capital would have severe repercussions on insurance pricing and availability throughout the
industry.  This section discusses some of the complicating factors that would place potentially
severe limitations on the amount of capital available.

There are several ways in which an insurer’s equity capital could be tapped to finance a
catastrophic loss.  The most direct way arises if the insurer writes coverage on property that is
damaged in the catastrophe.  If losses exceed the insurer’s premium volume and investment



income, the insurer must dip into its equity capital to make up the difference.  The insurer’s entire
capital is potentially available for this purpose.  However, many insurers do not write property
insurance on houses, buildings, and other property in catastrophe prone areas.  For example, even
though there are about 2,400 property-liability insurers, only about 1,000 of these firms actively
write homeowners insurance, and many homeowners writers do not write business in catastrophe
prone states such as Florida and California.

Furthermore, if an insurer exhausts its capital and becomes bankrupt as the result of a catastrophe,
the amount of the unpaid loss that claimants can recover also is subject to limitations.  Claimants
of insolvent insurers can file claims with insurance guaranty funds, which are state mandated but
funded and operated by the insurance industry.  There is a separate guaranty fund to cover
property-liability losses in each state.  Following an insolvency, the guaranty fund levies
assessments against solvent insurers to pay the claims of the insolvent company that cannot be
satisfied out of its remaining assets.  However, there are limits on the amount of assessments, and
there is no government backstop in case funds run out.  Assessments are typically limited to 1 or 2
percent of premiums per year, depending on the state.  Because of these limitations, the amount of
funding that would be accessible from guaranty funds would not be adequate to handle a large
volume of unfunded claims following a major catastrophe.  For example, the total premiums
written in Florida in 1996 amounted to 16.8 billion.  Applying Florida’s assessment cap of 2
percent to 16.8 billion suggests that the Florida fund would have access to a maximum of only
$336 million to finance a large catastrophe.  Although some state guaranty funds have limited
borrowing power and losses could be rolled into subsequent years, it would take a very long time
to fund a multi-billion dollar loss at the rate of $300 or $400 million per year.4

A final source of funding following a catastrophe would be capital infusions from parent
corporations or affiliates of insurers doing business in catastrophe-prone states.  Most insurers are
members of insurance groups consisting of several insurers under common ownership.  If one
member of the group, say a firm writing homeowners insurance in Florida, were to exhaust its
capital paying for a catastrophe, it might be bailed out by an affiliated insurer or the parent
corporation.  Indeed, there were some prominent examples of bailouts following Hurricane
Andrew.  However, affiliated companies are not required to bail out another group member facing
financial difficulties.  Rather, the bail out would occur at the option of the parent or affiliate.5  If
the parent corporation decided that it was not in the interests of the firm as a whole to bail out the
subsidiary, no bailout would occur and no additional funds would be forthcoming.  Although it is
difficult to predict how much money could be generated as a result of bailouts, it seems safe to
conclude that the probability that a parent firm decides to bail out a subsidiary declines with the
                                                       
4Our estimates based on 1996 are consistent with capacity estimates of the National Conference on
Insurance Guaranty Funds (NCGIF), an umbrella organization for the state funds.  In its 1994 report
(NCGIF, 1994), the organization estimated the gross capacity of the Florida guaranty association as $223
million.

5The only exception to this rule would be if claimants against the failed company succeed in “piercing the
corporate veil” to reach the assets of other members of the group.  However, this usually requires fraud or some
other form of wrongdoing on the part of the managers of the group.  For a discussion see Easterbrook and Fischel
(1985).



size of the catastrophe.  Thus, there would be proportionately fewer bail outs in the event of a
very large catastrophe than for relatively smaller events.

Capital Available To Fund a Catastrophe

As discussed above, the amount of funds available from any given insurer to pay losses in excess
of premiums and investment income consists of its equity capital.  However, once that capital is
exhausted, the insurer defaults and has no further obligation with respect to unpaid claims.  We
are currently conducting research to derive a measure of the capacity of the insurance industry to
respond to catastrophic events, considering this limited liability option to default.

We are in the process of  estimating the distributional characteristics of catastrophic losses, and
allocating such losses to individual insurers by use of correlations and financial data. That is, the
insurance industry is subjected to simulated catastrophe shock losses of various magnitudes, with
the shock loss distributed across the industry depending upon the correlations of individual
insurers with industry losses.  Insurers that are highly correlated with industry losses receive
larger allocations of the shock loss than insurers with low correlations with industry losses.  We
continue to draw resources from a given insurer until the normal or expected losses plus the shock
loss exceed the resources of the insurer.  At this point, the firm is assumed to fail and to default
on any additional claims, and those claims are not assumed to be recouped from any other
sources. The result is a function that defines the estimated deliverable insurance payments
conditional on any given size of aggregate catastrophic loss. By default, it also estimates the
liabilities that will be lost through insurer insolvencies and the projected number of insolvencies.

Such a measure rests on two broad components; size and diversification (how much surplus is
available and how effectively the riskiness of insurance losses is spread though the insurance
market).  More details will be provided in later drafts of the paper.

SECURITIZATION OF INSURANCE RISK

The limitations on the ability of the insurance industry to fund catastrophic losses has led to
proposals for government involvement.  One such proposal would involve Federal Excess of Loss
(XOL) Reinsurance contracts (see Lewis and Murdock, 1996).  Under this proposal the Federal
government would auction XOL contracts covering the $25 to $50 billion layer of catastrophe
coverage.  Licensed insurers and reinsurers would be eligible to purchase the contracts.  The
contracts are designed to be self-supporting, i.e., they would not be sold at subsidized prices. If a
loss occurred that exceeded premiums collected, the government would fund the loss by
borrowing through the Treasury bond market.  Because the plan is designed to be self-supporting
in expected value, the government’s position is that it expects no loss.  The advantage of the plan
is that it permits catastrophic risk to be financed using the default-risk free rate of interest
available only to the government.  A disadvantage is that the government could be left with a
large unfunded loss.6

                                                       
6Another example of a public-private approach to providing capacity is the California Earthquake
Authority.



Although government solutions to the capacity problem may have some potential, our view is that
they should be used only if it is clear the private solutions are not forthcoming.   A private market
to provide additional capacity for financing catastrophic risk seems to be developing rapidly.  This
solution involves the securitization of insurance risk.  I.e., instead of financing catastrophic risk
solely through the insurance/reinsurance industry, insurance risk is packaged in the form of
securities such as bonds and sold to private investors.

Securitization would be the ideal solution to the catastrophic risk problem, in part because this
approach accesses a much larger pool of capital than provided by the insurance/reinsurance
industry. Whereas a $75 billion catastrophe is equivalent to about 1/3 of the capital of the
insurance industry, it amounts to only about 1 percent of the total value of securities such as
stocks and bonds that are traded in US capital markets.  Movements of the markets by a percent
or more in a single day are rather common occurrences.  Thus, a major catastrophe would be only
a blip on the screen when considered in the market context.

Furthermore, because there are many events that have an impact on security prices, pooling
catastrophic risk with other types of economic risks permits the law of large numbers to operate.
Securitization allows for effective diversification of catastrophic risk because it allows investors to
pool the risk of catastrophes with the other risks that can cause the market values of securities to
change.  Such events, such as favorable or unfavorable reports about inflation, unemployment,
interest rates, foreign exchange markets, etc., are very numerous, and, moreover, are virtually
uncorrelated with losses from catastrophic events such as hurricanes and earthquakes.  The fact
that catastrophes are not correlated with other events that move securities markets makes
securitized insurance products potentially very valuable to investors as mechanisms for
diversifying their portfolios.  Thus, securitization not only relieves the high-severity, low-
frequency problem that prevents the insurance market from effectively handling the risk of large
catastrophes but also simultaneously creates a valuable new class of investment products.

Another advantage of securitization is that securities markets are efficient mechanisms for
processing an evaluating information.  Thus, trading of securitized insurance products would be
likely to revel information to market participants on the expected costs of catastrophic events and
the risk premium required to bear catastrophic risk. This information would help to alleviate the
informational problems that are one of the underlying causes of cyclical price and supply changes
in insurance and reinsurance markets.  Thus, besides increasing capacity, securitization also would
be likely to stabilize reinsurance markets.

We predict that the securities markets ultimately will solve the catastrophic risk problem.  Several
financial products such as the catastrophe call spreads now offered by the Chicago Board of
Trade and the catastrophe bonds recently issued by United Services Automobile Association will
provide the prototypes for future developments in this market.  It is difficult to predict how
rapidly we will move from the somewhat limited securitized insurance market now in existence to
a market that can provide enough capacity to handle a large catastrophe.  However, the financial
industry is among the most innovative in the economy, and events move quickly in financial



markets.  Thus, it would not be unrealistic to envision substantial progress towards a fully
functioning market over a five-year time horizon.
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