El NETWORKS FINANCIAL _
INSTITUTE Working Paper

At Indiana State University

2011-WP-19
August 2011

Underwriting in Property-Casualty Insurance Markets:
Regulation, Risk and Volatility
Ronnie J. Phillips and David Nickerson

Abstract: We offer a novel explanation of underwriting volatility in property-
liability insurance markets in terms of private uncertainty over public regulatory
policy. Underwriting involving random losses to policyholders is one source of risk to
the equity value of insurance firms. Solvency regulations, however, pose a second
source of risk to equity value when the implementation of such regulations
randomly affects the return to underwriting but exhibits imperfect correlation with
market conditions over time. Using a differential game in a standard no-arbitrage
environment to model interaction between these two sources of risk, we derive the
valuation equation for property-liability underwriting inclusive of the respective best-
reply underwriting strategy of a representative insurance firm and the
implementation strategy of a representative regulator. Owing to the conflicting
effects of these strategies on firm equity, regulations adopted to reduce the
solvency risk of insurers can, paradoxically, increase underwriting volatility in an
otherwise efficient insurance market. Under certain parametric conditions, we also
show that, even in the presence of complete financial markets, a subgame perfect
Nash equilibrium of this game can exhibit a limit cycle in the value of underwriting
which mirrors empirical evidence on the presence of cycles in property-liability
insurance markets.
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I. Introduction

The property-liability insurance industry has traditionally exhibited recurrent cycles in the pricing and
volume of insurance coverage in both the domestic and foreign economies. Owing to its implications for
existing theories of insurance pricing and for the efficiency of private insurance markets, it is a significant
concern of businessmen, economists and policymakers. Interpretation of the causes of this cycle is, in
particular, fundamental to both the rationale and design of public insurance regulations.

This paper offers a novel explanation of the cycle in property-liability insurance markets. Based upon the
traditional premises of financial theory, this explanation contrasts sharply with the popular belief that such
markets are inefficient and with extant theoretical rationales of insurance cycles based upon various forms of
market failure. Our explanation is based upon the interaction between uncertainty over the evolution of the
costs of covered losses to insurers in the absence of regulation, which we term exposure risk and regulatory
risk which we define as the uncertainty over future regulatory actions affecting the ability of insurers to offer
optimal insurance contracts, which fully incorporate current expectations of the magnitude of random future
losses, and the demand by potential policyholders for such contracts.

Analogous to risks to asset values in more general financial markets, exposure risk is associated with
the liability assumed by the insurer through underwriting coverage of random future losses as well as the
related potential costs posed to insurers by stochastic market demand and underwriting costs. Regulatory
risk is associated with random regulatory actions intended to influence the response of insurers to changes
in the excess demand for insurance. Ironically, these actions, which arise from the (stated) preference of
policymakers for stability in property-liability insurance markets, have the potential to induce substantial
instability, reflected in the cyclic volatility of pricing and available coverage, in these same markets.

The paper is organized as follows. Section I provides an explanation of the underwriting cycle and uses
the case of the Katrina disaster as an example of the cycle in the real world. Our model of underwriting
and the valuation equation for the representative insurance firm are developed in Section III. A solution for
the value of the firm and a general characterization of market equilibrium appear in Section IV. Plausible
parametric conditions under which an underwriting cycle will occur are derived in Section V. Section VI
discusses the implications of our analysis for the economic efficiency of the property-liability insurance
markets and for the effects on such efficiency of public policy and regulations in such markets. Concluding
remarks appear in the final section.

II. The Insurance Cycle

I1.1 Insurance Market Structure

The purpose of liability insurance is to cover individuals and corporations in the event of an unforeseen
accident that imposes costs on the insured party. Insurance companies charge premiums that are expected
to equal or exceed the costs of these accidents. In the U.S., the largest liability insurance markets are for
automobiles and workers’ compensation (Winter 1994, p. 117).

A major topic in liability insurance is the existence of cycles of profitability for the insurance companies.
This cycle is measured by the ratio of claims (losses) to premiums.! This cycle is evident from Figure 1, which
plots the net premiums written for the property and casualty industry over the period 1939-2010 (Baker 2010).

L Although the loss ratio is the standard measure of current return in actual property-casualty insurance markets as well
as in virtually all actuarial and insurance economics research, it is best regarded as an empirical proxy for such a return.
Winter (1994) argues that a proper measure of return should be the ratio of the present-value of the expected claims to



WA, CHRDY, M

2500, (MR 0] — Liakility
= = Property
200, Ol 0 - |
sraseas Difference ’ ‘l
1 501, e, R —

B0, W0, G0

40, 000, 00 e,
..-J---a'l'-"---p'ﬂ.' LT
il R T O F '_:_';I-Hl"""_"""""r"-""' B L T T T
K Y ] ™~ » )
Co A e T R Rl A T

=Sl N, (HK

Fagurs 1; Met Premivms Writen, U2 PO Industy 19302008 2008 D::-l-lars{m thon sareds) (Baker 20103

The cycle becomes more apparent in Figure 2. The first differences in the economic loss ratio follow a
second-order autoregressive process which means that the predicted value for the ratio in any year t, given its
history up to that year, depends on the realized values for the previous two years.
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This implies a dampening cycle with a period of 8.6 years (Winter 1994, p. 118). The useful explanation is
that competition drives prices down to the point where losses deplete industry reserves. Loss ratios in the
global reinsurance market and for firms participating in both primary and reinsurance markets also exhibit

similar cycles.
How can these recurrent fluctuations be consistent with efficient financial markets? A plausible explanation

of the cycle must recognize periods of rapid increases in premium revenues, the rationing of insurance for some

the premiums collected. By estimating the maturity structure for actual cash flows, the term structure of discount rates
appropriate for property-casualty risk, and taking the accounting reserve as a proxy for expected non-discounted losses,
it would be theoretically possible to calculate an “economic loss ratio,” (Winter 1994, p. 117). Valuation based on this
ratio, however, is not only empirically impractical, since available time-series data for property-casualty insurance markets
is ased solely on usage of the traditional form of the loss ratio, but is also superceded by the contingent claims method
used in more modern research, including Embrechts (2009), Melnikov (2004), Jones and Nickerson (1994) and the current

paper.



buyers, and the large number of risks that are left uncovered. Prior explanations of the cycle all rely on one
or more forms of market failure in property-casualty insurance. Winter (1994), for example, studies a model
that incorporates the assumptions of (i) imperfect competion through a mix or organizational forms supplying
the market and (i4) asymmetric information among investors, causing new capital to enter the market more
quickly during a cyclic downturn or “tight” market. (Winter 1994, pp. 119-120). Below we discuss this cycle
in casualty-liability insurance markets, using coverge of catastrophic loss as an example.

I1.2 Catastrophic Insurance

The basic principles of insurance dictate that the current value of premiums in a competitive market
should equal the current value of expected payout. This requires an underlying probability distribution for
the insured event(s). The problem with catastrophic events is that the underlying probability distribution
may not be well known, and therefore the magnitude of the financial liability is unknown. The insurance
industry has traditionally handled this problem through reinsurance: insurance for insurance companies. This
enables a spreading of the risks to other parties willing to accept those risks. The financial consequences of
natural disasters in recent decades have led to changes in the disaster insurance business. The companies have
responded by reassessing their decision to supply catastrophic insurance and reevaluating the adequacy of the
level of premiums. Changes in the law, at both the state and federal level, have been enacted and the role of
government has increased.

Innovations in financial markets also offer new possibilities affecting the supply and price of catastrophic
insurance. Due to the need for insurance companies to reduce their risk exposure, reinsurance contracts have
long been issued. There are two basic types of reinsurance: facultative and treaty. In the case of facultative
reinsurance, each risk is underwritten separately and therefore the reinsurer can accept or reject each individual
risk. The reinsurer is under no obligation to accept the particular risk offered and the insurer is under no
obligation to cede the particular risk. For treaty reinsurance, the terms and conditions are pre-negotiated by
the insurer and reinsurers and the insurer must cede all risk falling within the terms and conditions of the
treaty. The reinsurer must accept all risk within the terms and conditions of the treaty. (See Guy Carpenter
and Co.).

Though financial risk is often viewed in terms of “fear of the big one,” the accumulation of so-called
small catastrophic events can cause large collective insured losses. Problems for the industry began in the
mid-1980s when strong profitability attracted many new players, capital and capacity in reinsurance. In 1992,
two major hurricanes (Andrew and Iniki) contributed about $18 of the $23 billion in catastrophe losses that
year. Soft conditions and fierce competition developed after 1992, leading to yet another insurance cycle. In
addition to concerns about weather related disasters, there is also the reinsurers’ exposure to environmental
liabilities, as was the case with the Gulf oil spill in 2010. Since 1987, a downward trend in the ratings of the
top 50 reinsurance companies has included a reduction in the number with superior, A++ and A+, ratings.
Despite problems in the industry, the pre-tax five-year return on premiums for the top 5-10 companies remains
approximately 15 — 20%, though this performance overshadows that of the remaining firms who collectively
returned only 3 — 5%. The top 20 individual reinsurers have 79% of the premium revenue and 87% of the
surplus for the reinsurance industry.

I1.3 The Insurance Cycle and Katrina

Worldwide from 2000 to 2008 alone, overall weather related losses totaled more than $750 billion, while
insured losses came to around $280 billion (Booth 2010). For the decade 2000-2009, insured losses in the U.S.
amounted to more than $190 billion (Benyon 2010). Of this, about $20 billion was a result of September
11th but just over one-third of the insured losses occurred in 2005 as a result the hurricanes Katrina, Rita,
and Wilma. Total losses were estimated to be over $100 billion with $60 billion insured losses (Benyon 2010).
Hurricanes Katrina, Rita and Wilma swept through the Caribbean, the Gulf of Mexico and the southern states
of the U.S. in 2005, leaving a trail of mass destruction (Booth 2010).

Katrina was the most destructive Atlantic hurricane ever. There were nearly two thousand lives lost on the
Gulf Coast and an enormous impact on the New Orleans area catastrophe insurance industry (Benyon 2010).



Those who benefitted from the huge losses of the catastrophe insurance industry were the startup insurers and
reinsurers who entered the market beginning in January 2006. The new firms including Validus, Flagstone
Re, Lancashire, Ariel Re and Harbor Point (now Alterra Capital, since merging with Max Capital) were flush
with hedge fund capital and stoked a competitive market for catastrophe insurance. The reason for this was
that rates increased and terms of the insurance contract were stiffened. As Benyon notes, these new firms
took advantage of new investment vehicles (termed sidecars) as a convenient way to invest in the catastrophic
insurance industry but with a limited lifespan so that investors could take advantage of short-term spikes in
rates and then exit easily. The most noteworthy newcomers to the industry came in two waves of start-ups
on Bermuda which has firmly established itself as a preeminent insurance center. Established firms, especially
from Lloyd’s, rushed to set up subsidiaries on the island and sidecars emerged as a way to increase capacity
for existing firms (Booth 2010).

At the same time, these new firms were also held to higher standards by the rating agencies which demanded
tougher capital requirements—new startups needed at least one billion dollars in capital. All firms increased
their use of catastrophic risk modeling techniques after Katrina. Though some feel that there are too many
firms in the market, mergers and acquisitions have been rare since 2005 (Benyon 2010). According to Bradford
(2010), insurers were caught off guard by the storm and suffered unexpectedly heavy losses that forced them
to rethink the way they underwrite hurricane risks. One result was for insurers to offer far less windstorm
coverage for hurricane risks, even as pricing for limits that were available stabilized. Bradford (2010) states:

Prior to Katrina, there were no limitations on windstorm coverage. It was common to have a $2
billion limit on fire, which included $2 billion for windstorm. Today, it is much more common to see
$100 mallion or $200 million for windstorm.

Though windstorm prices moved up, they softened in 2010 even with the forecast for an active hurricane season.
The catastrophe insurance industry also suffered a public relations disaster in the wind versus water debate
over Katrina (Mills 2010). Because of the National Flood Insurance Program, basic coverage up to $250, 000
is very affordable and covers what is totally excluded from a standard homeowners policy.

In the five years since Katrina, Congress has failed to make any significant reforms in the National Flood
Insurance Program, which has stayed unchanged as lawmakers spur it along with occasional short-term exten-
sions (Hamilton 2010). The “wind vs. water” debate is less clear in light of a ruling by the Mississippi Supreme
Court, in regard to damages from Hurricane Katrina, that wind damage from hurricanes might still be covered
even if excluded flood damage caused by a wind-blown storm surge was also present (Friedman 2009).

Changes that impacted the catastrophe insurance industry in the period 2005-2010 can be summarized as:

e An unusually large catastrophic event;

e Large payouts by the catastrophic insurance industry;

e A reduction in capacity in the affected area and an increase in premiums;

e Calls for regulatory changes at the state and federal level;

e Litigation in the courts;

e Introduction of new firms into the industry and a consequent increase in capacity;
e Premium pricing begins to soften;

e The stage is set for the next catastrophic event.



II.4 A Theoretical Explanation of the Cycle in Efficient Insurance Markets

The empirical presence of this cycle appears to compromise the accuracy of traditional financial models of
insurance market equilibrium. Such an equilibrium, in an economy with complete capital markets, competitive
commodity markets and uniform information about potential future losses, requires that, conditional on such
information, premia on new coverage exhibit no forecastable patterns over time, deviating only randomly
from the expectations of market participants and, consequently, equal or exceed the discounted value of the
expected costs of providing such coverage at the time coverage is purchased (Myers 1987). Intertemporal cycles
in the availability of property-liability coverage and in the corresponding pricing of such coverage appear to
be evidence against the premises of these models. Assertions of the rationing of coverage, periodic market
exit, litigation over delayed compensation and inequitable pricing in these episodes of excessive volatility have,
moreover, caused many policymakers, academics and members of the business press to interpret such volatility
as evidence of the presence of more fundamental market failures. Such an interpretation, in turn, suggests
that appropriate public regulation of insurance markets may increase their economic efficiency as well as the
welfare of members of at-risk cohorts or communities.

Consider, more specifically, a representative insurer assessing the equity value of new underwriting of
property-liability coverage in a specific market in which potential policyholders are exposed to catastrophic
losses from random but actuarially predictable sources of risk.?

Management and shareholders of insurance firms perceive that the value of aggregate policy coverage
from new underwriting represents a complex (financial) option. The current equity value (payoff) from new
underwriting, consequently, is a convex function of the degree of exposure risk in this coverage. Increasing
exposure risk through new underwriting, in the presence of such convexity, increases the equity value of the
insurance firm and makes the decision to underwrite new lines more attractive. This is strictly true under
the alternative assumptions that the structure of the insurance market is competitive or, should this market
be monopolistically competitive, that the franchise value of participating insurance firms is sufficiently small.
Note also that, should the parameters of the actuarial distribution of loss be currently only imperfectly known,
exposure risk exhibiting a negative net current value in conventional terms can actually have a positive current
value, owing to the inclusion of the “shadow” value of obtaining additional information about the actual loss
distribution generated by underwriting, making such underwriting even more attractive to shareholders. This
will be true, of course, even if the decision to underwrite, as an irreversible investment in information, turn
out to be bad, ex post, for firm value.

Regulatory risk, in contrast, reduces the value of new underwriting to firm shareholders. Government
actions intended to stabilize the supply and pricing of insurance coverage, including limits on the pricing of
exposure risk, rate roll backs, coverage restrictions, mandated pooling of lines, regulatory barriers to exit and
other measures, increases the current expected costs of new coverage and, consequently, reduce those gains to
shareholders created by increasing the exposure risk of the firm. It may be rational, should regulatory risk
become sufficiently large, for firms to cut back or refuse to underwrite new coverage, even when that coverage
has a positive expected net present value, because both the exposure to future loss and the value of premia
may change in unanticipated ways, whether or not underwriting is done.

Allowing for variation in the competitive structure of the specified property-liability insurance market, we
model market equilibrium and the behavior of participating firms and regulators in the context of a stochastic
continuous-time differential game. The underlying economy in this game exhibits the standard assumptions
used in asset pricing, including the presence of complete capital markets and satisfaction of the condition of
no-arbitrage in the pricing of insurance and other financial instruments.®> The simultaneous effects of exposure

2 Although automobile and employee compensation remain the largest lines in the United States, residential and commercial
property lines for large damages from various forms of natural and man-made catastrophes have dramatically increased
as a proportion of all property-liability insurance in the United States (Fitzpatrick (2004), Leng and Meier (2006) are
the most publicized sources of loss and industry liability. Since losses from these sources constitute the major concern of
both policymakers and local and national electorates, in what follows we use the term “catastrophic” to describe coverage
and contracts in property-liability insurance markets. This expository convenience does not, however, compromise the
generality of our results for such markets nor the implications of these results for public policy.

3 General applications of this type of game to asset markets can be found in Fine and Li (1988) and Dutta and Rustichini



risk and regulatory risk are illustrated through examination of the best-reply strategies respectively adopted
by the representative insurance firm and representative regulator. Based on these strategies, the fundamental
value equation for the representative insurance firm is derived and a (subgame perfect) market equilibrium is
obtained. In this equilibrium, we show that intervention by regulators, through a transaction rule designed
to mitigate excess insurance demand, can actually cause insurance underwriting to exhibit an arbitrarily large
degree of intertemporal volatility and, under certain parametric conditions, equilibrium values of insurance
pricing and coverage will exhibit a limit cycle of the type actually observed in actual property-liability insurance
markets. We now turn in the next section to the formalization of a model to explain these events.

ITI. A Model of the Property-Liability Insurance Market

Consider the decision to underwrite a line of business. The insurer will receive, at the time of this decision,
a premium net of commissions and sales expenses, p, and he will pay random losses and adjustment expenses,
L, on this line. The ratio of these values is the random losses to premium ratio, I, which has the expected value

[, where

E(%) 1

If there was no uncertainty over the losses, the value of one dollar of underwriting would just be
V = max[l —le”"", 0],

where 7 is the riskless rate.

Uncertainty over losses is introduced by specifying the loss per dollar of underwriting to follow a diffusion
process:
dl = a(l)dt + f(p, L)dz, (1)

where dz(t) is white noise and where the derivatives of f(-) satisfy the restrictions fr, >0, f, >0, fpp <0, and
where we restrict f(-) to satisfy lim;_qvar (dl) = 0.

This says that the expected losses decline with the amount of underwriting, but the losses also change stochas-
tically.

The restrictions on the function f(-) in equation (1) are imposed because actuarial evidence indicates that
the variance of the losses are bounded, and that the variance of the losses goes to zero, as the expected losses
go to zero. Since neither the underwriting losses or regulatory actions are correlated with the market, the risk
free rate can be used as the appropriate discount rate.* The value of one dollar of underwriting is now:

T
V() =max E|(1 —/ I(s)e™"%ds), O], (2)
0
where T is the duration of the contract. By restricting V(-) to be homogeneous, f(-) can be written as®
flp, L) = f(1)
L
— (1/2—=7)
=n(—
(7)
= (/2= (3)

(1991). Analytical and numerical results for the specific case of debt markets appear in Heaney and Jones (1990) and in
Jones and Nickerson (1994).

4 Note that we are assuming an economy in which the assumptions requisite for the CAPM are satisfied.
5 See Karlin and Taylor (1981).



where 7 and ~ are constants to be determined by initial conditions. By restricting v to 0 < v < 1/2, the
condition V; = 9V/0l < 0 is insured.

The limiting cases of v = 0 and v = 1/2 correspond to the two types of uncertainty with which we are
concerned. When v = 1/2, the variance of [ changes only if the firm is underwriting, and the variance of dl/l
will be proportional to 1/I. This case corresponds to uncertainty about losses. When v = 0, the variance of dl/I
is constant. This case corresponds to regulatory risk.

Both types of uncertainty can be modeled by combining the two alternative functional forms in a single
equation with two correlated sources of noise:

dl = adt + 771d21 + 772)\ng, (4)

where dz; and dzp are Gaussian, p is the correlation between these terms, and, since the ratio of losses to
premiums can not take on negative values, it is useful to implement the change of variable A = V1. This
stochastic processes is a form of the general Ornstein-Uhlenbeck process and represents the stochastic evolution
of the ratio of losses to premium.®

IV. The Valuation Equation and A General Form of the Underwriting Cycle

The value of underwriting may be obtained from solving the fundamental valuation equation for this asset.
By Ito’s Lemma, the instantaneous change in this value must satisfy the partial differential equation,

dV = Vidl + (%)V}zdﬁ

= aVidt + mVidz + mAVidze 4+ (07 + 2p e + 13 A2)dt. (5)

Assuming complete capital markets, the price of asset risk, ¢, is common across all traded assets. We can
then derive a valuation equation for underwriting by requiring the riskless return on borrowing of a magnitude
equal to the implicit value of underwriting, rVdt, be equal to the expected capital gain from a riskless portfolio
composed of underwriting and a market asset. Adjusting the conditional mean of the diffusion process governing
the evolution of the value of underwriting in (3) by the usual Kac-Feynman procedure, the valution or Bellman
equation describing the value of underwriting is:

rVdt = E(dV)

where
0 = ni + 2pAmin2 + A%

The valuation equation can, consequently, be re-written as the ordinary autonomous differential equation,
0=0Vi+(a—g)Vi—rV, (7)

in which the right side does not include the independent variable for time. Equation (7) is the autonomous
valuation equation for the value of underwriting.

6 The Ornstein-Uhlenbeck process is discussed more extensively in Cox, Ingersoll, and Ross (1985), among other sources.



The space of solutions for the valuation equation is circumscribed by the appropriate boundary conditions.”

Using these boundary conditions, a general implicit solution to the valuation equation in (6) can be expressed

as:
L oS
v = C2 CleC 6< e— X )
(1) +/{ +2 /O(Hd)}dl (8)

¢ = 2a; tan"*(ay),
—(1/2)

where
ay = (i — p*ninz)

pm + Ine

Vi — p?n2

ag =

V. An Example of the Underwriting Cycle

Assuming the value of 75 in equation (8) is set to be of arbitrarily small exponential order, and denoting &
= 11V/2, the solution to the valuation equation with these initial values is:®

d

1«&:(@_0@“—&% (9)
where
~1-20%p — /(14 2p6%) —46(1 + dp)r
“= 25(1 + 0p) ’
b_1—2yp+¢u+2m%—4ar+@y
26(1+dp) ’

This solution can be more succinctly expressed as:

d

——)le! 7 (! — e, (10)

V() =(
where
a= VA,
A = (1+2p6%) —45(1 + pd)r.
In analyzing this solution for firm value V(\), two cases must be examined. The first case, in which the

discriminant, A, satisfies
1+25%p > 46(1 + dp)r,

7 These boundary conditions,

ltm 0 V()‘) — 0,
limyx_o V'(A\) — 1,
limyx_—o0o V(X)) — 0.

can be respectively interpreted as follows. Since for a firm to have no losses, a firm must do no underwriting, the first
condition statement says that such a firm will have no value. The second condition states that the marginal loss rate per
dollar of premium is one with the first dollar of premium written. The third says that an unlimited loss rate produce an
insurer with no equity value.

8 That is, choosing 72 to satisfy ng ~ 0 for any ¢ > 1.



yields real roots and does not produce cyclical behavior. The second case, in which

14+26%p < 46(1 4 8p)r,
generates complex (sinusoidal) roots. This second case yields the following expression for underwriting value:
_)[61—2/)52 (e — e—izl)]m,

_b)[e(1_2P52)sin(zl)]—25<11+P<5> . (11)
-

This solution will be harmonic if A < 0. This will, in general, be the case, for plausible parameter values.
In particular, the following restriction must be satisfied on the parameters p and §:

1 1—4rs
(272)( T or ) > p, (12)
A sufficient conditon for satisfaction of this condition is:
2
p< — (13)

r—(1/2)°

This range of values for p is consistent with a negative relationship between the regulatory and underwriting
stochastic process. This is consistent with the observation that the industry is apt get regulatory relief after a
period of poor underwriting results. The interest rate environment of this range, with annual rates less than
fifty percent, is consistent with that experienced in most industrialized economies.

The general solution to the differential equation will be a series of functions having the form of the particular
solution. Thus, uncertainty about losses, and uncertainty about the actions of the regulator, are sufficient to
generate an underwriting cycle.

VI. Insurance Market Efficiency and the Role of Public Policy

There are three basic and interrelated questions regarding the efficiency of property-liability insurance
markets: (1) what volume of coverage will occur in market equilibrium; (2) what will determine the equilibrium
price of such coverage; and (3) what is the potential role, if any, of government regulation in insurance markets.
The first question is whether catastrophe insurance will be supplied. For the entire property/casualty insurance
business for 1995, $241 billion in insurance premiums were collected. Of this, 3.35, or $7.9 billion was collected
for fire, earthquake, and allied lines. For homeowners with multiple peril, the figures are 8.9% and $21.5 billion.
The largest category is for private passenger automobiles at 38.6% and $93.4 billion. (See C. England study)
The surplus available to the industry as a whole for catastrophic events is about $200 billion. For the reinsurance
industry, net premiums written in 1995 were about $16 billion with a policyholders surplus of about $40 billion.

When there is a large disaster, companies reassess the likelihood of future payouts. This can be a sticky
problem since unexpectedly large payouts which threaten solvency basically mean that the insurance company
did a bad job of assessing risks and setting premiums. The customers, and state officials and regulators, view
the situation as one where the companies are only there as long as premiums exceed payouts, and once there are
large losses, the companies refuse to reinsure. Even with unexpectedly large losses, if the insurance companies
still believe their risk assessments, there is not necessarily a reason to pull out of the disaster area. Simply put,
the chances of back-to-back Hurricane Andrews are probably very low.

However, a low probability event may have a large payout which would cause the company to fail. As
a result of Hurricane Andrew, eleven companies failed and Allstate paid out more in Andrew-related claims

10



by homeowners than its total profits from the Florida homeowners market in more than fifty years of doing
business there (cited in England, p. 19). A California Department of Insurance survey found rising rates and
an availability crunch for homeowner insurance as a result of the Northridge, California earthquake. A survey
taken in 1995 found that 93% of the California insurance market is not writing new policies, while tougher limits
are being imposed on policies. Only 7% of the state home owners market is writing unrestricted policies (see
article in Insurance Industry International, n. 37, p. 2).

Pricing is very important, and a recent insurance industry analyst accused State Farm, Allstate, and other
American providers of homeowners insurance, of creating their own catastrophe problems by under pricing
policies that are too rich with benefits. Specifically, the companies are providing guaranteed replacement cost
policies plus wear and tear. Since this shift, beginning in the 1980s, the analyst claims, homeowner premiums fell
as much as 40% from $350 per $100, 000 of property exposure in 1984 to only $210 per $100, 000 in 1995. What
started out as bells and whistles added to policies as marketing ploys, has turned into a billion-dollar headache.
The dilemma is that with the disasters, and with state regulators looking closely at them, it will be more
difficult to raise premiums. Hence, even if the private sector provides catastrophe insurance, mispricing may
cause problems in the long run. Competitive pressures to generate more policies can lead to this underpricing
since the companies show increased profitability until disasters hit. (See Journal of Commerce article, v410,
no28, p. 8a) Finally, what is the proper role of government in the event that insurance losses threaten the
solvency of the companies? If participants believe that the government would bail out the insurance companies
under such circumstances, this creates a moral hazard problem typically described as “too big to fail.” Under
those circumstances, market distortions will occur.

VII. Concluding Remarks

This paper employs a stochastic differential game to generate a cycle in the loss ratio of a representative
insurance firm when that firm is simultaneously exposed to uncertainty about policy losses and uncertainty about
the actions of regulators. The model includes a role for the value of the information that comes from underwriting
experience, which decreases uncertainty over profitability, and uncertainty over regulatory policy, which increases
such uncertainty. The perfect Nash equilibrium in this game generates, under plausible parametric conditions, a
cyclical value of insurance underwriting, even when capital markets are complete with respect to the underlying
source of uncertainty. Such cyclicity implies that a potential cause of the underwriting cycle in the property-
liability insurance industry may be the very regulatory policy which is employed in the hopes of dampening
such cycles.
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