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Catastrophe Risk and the
Regulation of Property
Insurance Markets
Patricia Born, Ph.D.*
Robert W. Klein, Ph.D.**

Abstract
In this paper, we evaluate state regulation of insurance markets subject to
catastrophe risk and, more specifically, homeowners insurance and commercial
property insurance. When insurers suffer substantial losses following a
catastrophic event, pressures on property insurance markets can increase as
insurers attempt to raise their prices and reduce their exposures. This can bring
insurers into conflict with regulators who seek to maintain the affordability and
availability of insurance. Some states may also use their residual market
mechanisms (RMMs) as a means to provide subsidized coverage for high-risk
properties. While these regulatory actions may seem well-intended, the concern is
that they can interfere with market adjustments and undermine the supply of
private insurance. To gain some insight on these issues, we examine how state rate
regulation and the relative size of state RMMs affect various outcomes in
homeowners and commercial property insurance markets generally and
specifically following a large catastrophe in a state. Our findings indicate that
regulatory attempts to constrain rates and larger residual markets tend to have
negative effects on certain outcomes in homeowners insurance markets, all other
things equal. However, we do not find that these effects become more pronounced
following a catastrophic event except for market concentration. Further work is
needed to develop better ways of measuring how changes in catastrophe risk and
rate regulation affect property insurance markets.

* Risk Management & Insurance, Real Estate and Legal Studies, College of Business, 821
Academic Way, Florida State University, Tallahassee, FL 32306-1110; pborn@business.fsu.edu.
** Department of Risk Management and Insurance, Georgia State University, P.O. Box 4036,
Atlanta GA 30302-4036; rwklein@gsu.edu.
Note: The authors acknowledge the assistance of the National Association of Mutual Insurance
Companies (NAMIC) in supporting the research underlying this paper. The views expressed in this
paper are solely those of the authors and do not necessarily represent the opinions of NAMIC, Florida
State University or Georgia State University.
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1. Introduction
There is a long line of academic literature on the effects of regulation on
property/casualty (P/C) insurance markets. Most of this research has focused on
how different rate regulatory systems and residual market mechanisms (RMMs)
affect personal auto and workers’ compensation insurance markets. There has been
some research on the effects of regulation in property insurance markets (primarily
homeowners insurance), but with one exception (Born and Klimaszewski-Blettner,
2013), this research has focused on only one state or a just a few states. An
important factor involved with the regulation of property insurance markets is the
dramatic rise in catastrophe risk and the occurrence of natural disasters (e.g.,
Hurricane Andrew, the Northridge Earthquake and Hurricane Katrina) as depicted
in Figure 1. Regulatory policies in areas prone to natural disasters have important
implications for the cost and availability of property insurance and the
management of catastrophe risk. There is particular interest in homeowners
insurance where market changes following a catastrophe can be a matter of
considerable public concern, and regulatory responses to such changes can be
contentious. Hence, there is a strong need to gain a better understanding of how
regulatory practices affect outcomes in property insurance markets subject to
catastrophe risk, particularly homeowners insurance.
The topic of best regulatory practices in insurance was generally addressed in
the Federal Insurance Office’s (FIO) report on How to Modernize and Improve the
System of Insurance Regulation in the United States (FIO, 2013). Several parts of
this report bear directly or indirectly on how state regulators can continue to
ensure a viable private market for insurance against natural catastrophic events.
Specifically, the report includes recommendations that urge state regulators to
identify “best practices” with regard to both rate regulation and natural catastrophe
loss mitigation. With respect to the former, the explicit objective is to identify raterelated regulation that fosters competitive markets for personal lines insurance
consumers and, consequently, increases market capacity. Regarding natural
catastrophes, the objective is less clear but might include identifying regulations
that encourage loss mitigation (e.g., allowing premiums to reflect mitigation
activities) or establish/define mitigation measures (e.g., building codes). The FIO
issued a subsequent report in 2015 entitled Report Providing an Assessment of the
Current State of the Market for Natural Catastrophe Insurance in the United
States (FIO, 2015). This report did not discuss state rate regulation or mitigation
but did review state RMMs for property insurance without offering any opinions
on how these mechanisms should be structured or administered.1

1. The report discussed important developments concerning the Texas Windstorm
Underwriting Association (TWIA), the Florida Citizens Property Insurance Corporation (FCPIC)
and the Louisiana Citizens Property Insurance Corporation (LCPIC), including their depopulation
efforts.
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Fig
gure 1:
Insured Prroperty Losses for U.S. Cattastrophes ($B
B)
198
85–2014

Note: Exclud
des losses insured by
b the National Flo
ood Insurance Program (NFIP)
Source: Insurrance Information Institute

Naturaal disasters can
n have substan
ntially adversee effects on hoomeowners andd
commerciaal property insu
urers. These efffects include large
l
underwriiting losses andd
the depletiion of capital that
t
can compeel an insurer to
o make significcant changes inn
its operatio
ons. According
g to the Insurance Research
h Council (IRC
C), the averagge
claim paym
ment for all homeowners insurance
i
claiims countrywiide rose 228%
%
between 19
997 and 2013 (IRC, 2015). Several
S
factorss could accounnt for this trendd,
including the
t increasing severity of nattural disasters and higher repplacement costts
for homes. Additionally
y, population growth
g
in coasstal areas subjject to tropicaal
storms and
d hurricanes haas contributed to
t higher catasttrophe losses, and projectionns
by the Nattional Oceanicc and Atmosph
heric Administtration (NOAA
A) indicate thaat
the numbeer of people living in coastal areas willl continue too grow for thhe
foreseeablee future (NOA
AA, 2013).2 Hazard
H
mitigaation efforts aare viewed byy
experts ass insufficient in many areaas, and eviden
nce of the efffectiveness oof
incentives to undertake mitigation
m
activ
vities is mixed (FIO, 2013).
To maintain
m
their profitability,
p
insurers
i
adaptt to catastrophhic events andd
increased estimates of catastrophe
c
risk
k by reducing coverage, raiising rates, andd
changing their
t
underwriting and invesstment strategiies. Homeownners respond too
these even
nts and the con
nsequent action
ns of insurers in a variety off ways as welll.
For examp
ple, those with insufficient coverage may
y seek additioonal insurancee,

2. NOA
AA projects that, between
b
2013 and 2020, the numb
ber of people livinng in coastal
areas will grow by 11 million
n to a total of 134 million (NOAA,, 2013).
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while others may choose to reduce or drop coverage (if they have this option) as
the cost of coverage becomes more difficult for them to afford.3 Such responses
suggest that, for a period following a catastrophic event, the supply of and demand
for coverage will be in flux.
Using a large dataset on homeowners and commercial property insurance
coverage by state, by firm and by year for the period 1984–2013, this study
assesses changes in the structure and performance of U.S. homeowners and
commercial property insurance markets generally and specifically following
natural catastrophic events. This long period, characterized by an increasing
number of natural disasters, facilitates exploration of how rate regulation and
residual market administration affect various dimensions of homeowners and
commercial property insurance markets. We analyze both homeowners and
commercial property insurance markets to compare the effects of regulation
between these lines of business. As we discuss further below, commercial
insurance markets are subject to less intensive regulation than personal lines
insurance markets. Hence, we would expect regulation to affect commercial
property insurance markets to a lesser degree than homeowners insurance markets
(Born and Klimaszewski-Blettner, 2013).
Our objective is to contribute to the discussion of what would constitute “best
regulatory practices” that help to promote the availability of coverage, insurers’
capacity to bear catastrophic risks and risk-based rates. Some might contend that a
regulatory best practice is one that ensures that coverage is “affordable” for all
consumers.4 In general, rates are not likely to be excessive if the market for
coverage is workably competitive, but this may or may not be the case for
homeowners insurance in areas subject to very high levels of catastrophe risk.5
Moreover, regulatory policies that seek to artificially suppress rates conflict with
the goal to ensure that insurers are financially solvent. While it is understandable
that regulators will seek to keep the cost of insurance within the bounds of what
they consider to be affordable, they also are faced with the challenge of ensuring
that insurance coverage is available. Insurers will be more reluctant to provide
coverage if they are not allowed to charge rates that are commensurate with the
risks they bear and fully cover their costs of providing coverage, at least over the

3. Buying or maintaining homeowners insurance is generally a condition for acquiring or
maintaining a mortgage on a home. Homeowners without a mortgage are not subject to this
requirement and could choose to go without insurance.
4. The term “affordable” is often used in reference to the cost of insurance without a clear,
commonly-understood definition of what this term means. Our impression is that the regulators
in a given state may have at least an implicit standard in mind in determining what they believe
should be considered an affordable premium for a given type of insurance and insured. In
practice, such a standard may be reflected in regulatory policies that seek to constrain insurers
from charging premiums higher than what regulators believe consumers should be expected to
pay for a specific type of insurance.
5. We discuss the issue of whether homeowners insurance markets subject to a high level of
catastrophe risk can be competitive below.

© 2016 National Association of Insurance Commissioners
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long term. Hence, there can be a tension between the objectives of promoting
affordability and availability.
The paper proceeds as follows. The next section reviews the discussion in the
two FIO reports concerning catastrophic risks. This is followed by a discussion of
the anticipated effects of catastrophic events on the structure and performance of
insurance markets. This discussion emphasizes that catastrophic events have
differential effects on insurers and proposes that the effectiveness of state
regulatory practices should be evaluated based on how they affect a market as a
whole, not how they influence any particular insurer(s). This is followed by a
review and empirical analysis of the relationship between two more easily
identified state regulatory practices—rate regulation and the relative size of
RMMs—and changes in five measures of market structure and performance. The
paper concludes with a summary and review of our findings and suggestions for
further research.

2. The FIO Report: A Challenge
to Regulators
The FIO 2013 report considers a wide range of insurance regulatory issues
with primary emphasis on the extent of federal government involvement that is
desirable and/or necessary for improving the current state-based regulatory
system. While the report recommends direct federal involvement in only a few
areas (e.g., federal standards and oversight for mortgage insurers), the bulk of the
report suggests ways in which the state systems could be reformed. It recognizes
that the states continue to serve local needs and that their unique regulatory
experiences can provide lessons for others. However, it notes there is room for
improvement and calls on regulators to develop “best practices” in several areas,
particularly rate regulation and natural catastrophe loss mitigation. With regard to
rate regulation, the report states that, generally, the objective should be to foster
competition in the personal insurance lines, thereby increasing the availability of
coverage. Best practices in catastrophe loss mitigation could include encouraging
the adoption of specific mitigation measures (e.g., strong building codes).
Interestingly, the report does not explicitly acknowledge that best practices
concerning rate regulation could also be among the best practices for promoting
optimal managing of and insuring against natural catastrophe risk. Rather, the
section on catastrophes focuses mainly on residual markets and mitigation.6 The

6. The report briefly addresses risk classification, though not in a broad sense. In particular,
the emphasis in the report is on the use of credit scoring and, to a lesser extent, the use of
personal information for insurance pricing. The FIO recommends in this section that “states
should develop standards for the appropriate use of data for the pricing of personal lines
insurance.” As it pertains to the pricing of catastrophe insurance, variation across markets may

© 2016 National Association of Insurance Commissioners
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report recognizes that the variation across affected states in building codes and
other post-event activities have consequences for smoothly functioning property
insurance markets. Hence, it recommends that states “should identify, adopt, and
implement best practices for construction standards, including effective building
codes, to mitigate losses from natural catastrophes” (p. 61).
The report also addresses controversies surrounding government-run
insurance and reinsurance programs. Premium increases following catastrophic
events affect the affordability and accessibility of coverage and often have led to
government intervention (e.g., the establishment or expansion of RMMs).
Interestingly, the report stops short of suggesting that best practices for managing
catastrophe risk might include reforms to downsize or scale back these
mechanisms. The 2015 FIO report discusses RMMs in detail but also does not
make any recommendations or offer any opinions as to what would constitute best
practices in their design and administration. That said, it should be noted that the
FIO attributed decreases in the relative size of RMMs to more competitive
insurance markets.

3. The Effects of Catastrophic Events
on Property Insurance Markets
The effect of catastrophes on insurers’ underwriting performance can be
measured by an insurer’s loss ratio, calculated by dividing the insurer’s total losses
incurred by its premiums earned for a specified line of insurance. This commonly
used measure captures the extent to which the premiums collected are sufficient
for paying incurred claims.7 The total losses incurred for a state, relative to the
premiums that were earned for that year, provide a good indication of the average
weighted effect of a catastrophic event on the state market, as all insurers are not
equally affected. Variation in loss ratios across insurers suggests that some may
have had more stringent underwriting standards or had few or no exposures in the
area where a catastrophe struck and others had less stringent underwriting
standards.8 As we look at some of the major events in the past 30 years, it is clear
that there is great variation in the performance of firms operating in a catastropheaffected state.
yield important insights into the relationship between underwriting criteria and market structure
and performance measures.
7. A loss ratio greater than one indicates an underwriting loss, although underwriting
profitability, more generally, would also account for an insurer’s loss adjustment expenses, its
other administrative expenses, and the investment income it earns on reserves for unearned
premiums and unpaid losses.
8. Generally, insurers that manage their catastrophe risk will avoid having large
concentrations of exposures in any geographic area that could be struck by a natural disaster.
Insurers that are less cautious in this regard run the risk of incurring large losses in areas where
they have high concentrations of exposures.

© 2016 National Association of Insurance Commissioners
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Ta
able 1:
Sample of Catastrophic Ev
vents and Theeir Impact on the
Sta
ate Homeowneers Insurance Market

Table 1 presents a sample of statte-year observations in whicch the value oof
total per capita
c
insured homeowners property
p
damaages due to caatastrophes waas
significantly higher than
n in previouss years.9 As the
t
table show
ws, loss ratioos
correspond
ding to these events
e
indicatee a significant aggregate undderwriting losss.
However, it is clear thatt these events do not affect insurers
i
equallly. The mediann
performancce is always better
b
than the state-weighted
d average, whhile the 10% oof
insurers with
w the worst underwriting
u
performance
p
(tthe 90th percenntile of the losss
ratio distrib
bution) report loss
l
ratios as high
h
as 1.5 to 2 times the statee average.
Table 2 provides comparable datta for the com
mmercial propperty insurance
market for the same samp
ple of events.
Follow
wing all but th
hree of the eveents in this sam
mple, the state aggregate losss
ratio for co
ommercial prop
perty insurancee is lower than
n the state aggrregate loss ratioo
for homeo
owners insuran
nce. The mediaan and 90th peercentile perfoormance figurees
indicate th
hat, in most caases, insurers writing
w
commeercial propertyy coverage farre
better folllowing catastrrophic events than their counterparts
c
inn homeownerrs
insurance. According to Born
B
and Klim
maszewski-Bletttner (2013), thhere are severaal
reasons to expect this. First, insurers have
h
more flex
xibility in desiggning coveragge

9. By "significantly
"
hig
gher," we mean th
hat reported dam
mages were higheer in the identifieed
state-year by
y at least a factor of 10 compared to the average for that state duuring the previouus
three years. The core datab
base used for th
he empirical an
nalysis consists oof the state-leveel
homeownerss and commerciaal property insuraance operations for
f all U.S. insurrers from 1984 tto
2013. Data on
o the direct prem
miums earned, lo
osses incurred, caapital and reinsurrance amounts arre
compiled frrom insurer’s an
nnual statutory accounting stattements filed w
with the Nationaal
Association of Insurance Com
mmissioners (NA
AIC). Data on cataastrophic events aand the associateed
damages werre obtained from Sheldus.
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for co
ommercial pro
operties, whichh are also moree likely to havve certain mitiigation
featurres.10 More im
mportantly, thhese insurers aare less likelyy than homeoowners
insureers to be constrrained by stricct rate regulatioon, such that thhe rates chargeed may
be more commensu
urate with the risks that aree borne by a ccommercial prroperty
insureer. Underwritin
ng, policy forrms and contraact terms alsoo are more inttensely
regulaated for homeo
owners insurannce than for com
mmercial propperty insurance.11
Table 2:
Sample of Catastroph
hic Events and
d Their Impacct on the
State Comm
mercial Insuraance Market

When
W
states aree affected by ccatastrophes to the degree shoown by the exaamples
in Taable 1 and Tab
ble 2, we wouuld expect that
at insurers opeerating in a staate are
likely
y to reconsiderr their decisionn to participatee in its market. Their re-evalluation
may result
r
in raising
g their rates, chhanging the nat
ature and extentt of their expossure in
the state, exiting thee market, or maaking no changges. The reaction of a given iinsurer
presu
umably depend
ds on whetherr: 1) the insurrer perceives tthat the catasttrophic
eventt warrants any
y changes becaause it indicattes a significannt change in rrisk or
10. Regulators give
g
insurers greeater leeway in the insurance ccontracts purchaased by
commercial insurance buyers that coveer property expossures (Klein, 20114). These contraacts are
ned in such a way
y as to give the bbuyers a numberr of options with respect to the caauses of
design
loss fo
orms used, exclusions, endorsemennts and optional ccoverages (Flitnerr, 2011).
11. Since the mid
d-1990s, the NA
AIC and a numbber of states havve undertaken cooncerted
effortss to “deregulate” commercial insuurance (Cook andd Flitner, 2011). Regulators assertt this is
justifieed because indiviiduals and househ
eholds are less soophisticated in puurchasing insurannce than
commercial insurance buyers, who maay work with ann experienced brooker and are, theerefore,
“
inssurance consumeers. However, ratee regulation that constrains insureers from
more “professional”
setting
g adequate rates may actually eexacerbate lossess, as consumers have less incenntive to
manag
ge risk when rattes are suppresssed—i.e., the peenalty for not m
mitigating is dim
minished
(Harrin
ngton and Danzon, 2001; Derrig aand Tennyson, 20011).
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other factors affecting its operations; 2) the event substantially reduced its capacity
to bear risk (i.e., decreasing its capital or increasing the cost or reducing the
availability of reinsurance); and 3) the insurer is not constrained in some way (e.g.,
by regulation) from responding.12 Additionally, an insurer may consider how its
responses with respect to homeowners insurance in a particular state affect its
ability to sell other personal lines of insurance (e.g., personal auto and umbrella
insurance) in that state.13 Further, an insurer's ability to pool exposures across
multiple states may affect how it responds to a catastrophic event in a particular
state, noting that insurers are not in a position to perpetually subsidize losses from
their operations in one state with revenues they earn from operations in other states
and lines of insurance.14
The data shown in Table 1 and Table 2 suggest alternative ways to determine
whether a catastrophe disrupts or destabilizes a state insurance market. A measure
that captures the aggregate effect on a state would reflect the impairment of the
state’s economy. However, because we are concerned with the subsequent
responses by homeowners and commercial property insurers, this type of measure
would be less informative than a measure that captures the distribution of the
catastrophic losses across insurers in the market. Thus, our analysis of insurer
responses defines an “economically” catastrophic year as one in which one-half of
the homeowners insurers operating in the state report a loss ratio of 1.25 or
greater, or 25% of the insurers in the state report a loss ratio of 1.5 or greater.
Under this definition, there are 51 state-year observations involving economically
catastrophic events over the period 1984–2013.15 These are shown in Table A-1 in
the Appendix A.
While other state-year observations exhibit extreme amounts of insured
property losses, these 51 events should correspond to a destabilized state market
for property insurance. Some outcomes of this instability could include reduced
availability of coverage, search costs for consumers who need to find a new source
12. Examples of previous treatments of the insurance of catastrophic risks include special
issues of the Journal of Risk and Insurance (December 1996) and the Geneva Papers on Risk and
Insurance (April 1997). See, e.g., Grace et al, (2004), Angbazo and Narayanan (1996), Gollier
(1997), and Kleffner and Doherty, (1996).
13. Typically, many insurers will seek to market multiple products to the same consumer
because of the economies of scope associated with this strategy. If an insurer stops offering
homeowners insurance, this likely will compromise its ability to sell other types of insurance to
consumers who had been purchasing their homeowners coverage from the insurer.
14. Some critics of how insurers have responded to catastrophic risk seem to confuse the
pooling of exposures across states with their cross-subsidization. Efficient and economically
sustainable pooling requires that each member of the pool pay a premium commensurate with his
or her level of risk. An insurer cannot charge higher than actuarially-indicated rates to some
insureds to compensate for its charging lower than actuarially-indicated rates to other insureds as
this would expose it to adverse selection (Grace and Klein, 2009).
15. Other possible candidates for defining an economically significant catastrophe include
the state aggregate loss ratio (total losses incurred divided by total premiums earned) or the ratio
of insured property losses to total state income. The measure used here is somewhat arbitrary but
captures the essence of an underwriting year in which a majority of insurers are adversely
affected. In such a year, heightened media attention and regulatory scrutiny would be expected.
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of coverage and the inability of insurers to obtain adequate reinsurance for
subsequent years. In addition, as noted above, an evaluation of regulatory practices
should generally focus on how such practices affect the market as a whole rather
than specific insurers.

4. Discussion of Regulatory Practices
As discussed above, a bad underwriting year, especially resulting from a
catastrophic event or a series of catastrophic events, would be expected to
motivate insurers to re-evaluate their participation in a market. For example,
insurers may seek to implement relatively large rate increases (i.e., rate increases
in excess of 10%) and/or significantly reduce the number of policies they write.
The more substantial and widespread the changes that insurers seek to make, the
more likely regulators may attempt to prevent or limit such changes. Indeed,
anticipating sharp market reactions to catastrophic losses may prompt regulators to
take pre-emptive actions to limit rate increases and/or the nonrenewal of insurance
policies. Some regulatory responses to such economically catastrophic years may
be immediate and short-term in nature, such as a freezing of rates or imposing
moratoriums on policy cancellations and non-renewals. Other actions can change
the state regulatory environment for the longer term (e.g., modifying the process
for approving rate changes, establishing a state reinsurance pool, or creating or
modifying an RMM).16
To judge whether a particular regulatory response is positive, neutral or
negative, one has to consider what would likely occur in the absence of the
regulatory response or other changes in regulatory policies. Following a “large”
catastrophic event, absent any regulatory reaction, insurers may raise their rates,
reduce the number of policies they write and/or make other changes to reduce their
future exposure to catastrophic losses.17 Regulatory responses to an economically
catastrophic event could be viewed as positive if they minimize the adverse effects
of such an event on consumers. On the other hand, regulatory responses that
exacerbate market changes that are adverse to consumers (e.g., prompting more
insurers to exit a market, further reducing the availability of coverage, etc.) are,
arguably, counterproductive over the long term.18 In this paper, we focus on two of
16. Modifications to an existing RMM could include easing its eligibility requirements or
broadening the types of coverages offered.
17. Insurers are more likely to make such changes if a specific event or series of events
alters their assessment of the risk of catastrophic losses in a given area.
18. We recognize that regulators can be placed in a difficult position when insurers seek to
implement substantial rate hikes to cover what they perceive to be a significantly higher risk of
catastrophe losses. Homeowners in the highest-risk areas can be especially hard hit by large
premium increases. Regulators may be concerned that some homeowners will be unable to afford
the premiums that insurers believe are required. On the other hand, if regulators constrain the
rates that insurers are allowed to charge, this can induce insurers to reduce the supply of
insurance and decrease its availability. Also, if rates are held below the cost of providing
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the most critical areas of regulation—rate regulation and residual market
administration—which lend themselves to empirical analysis using econometric
methods.19

4.1 Regulation of Rates and Underwriting
It is generally presumed that states with prior approval systems (i.e., “noncompetitive rating systems”) are more likely to constrain insurers’ rates.20 It is
important to note, however, that a state’s rate regulatory system does not indicate
everything that is relevant to how rates are actually regulated in that state. For
example, a state that requires prior approval of insurers’ rates before they can be
implemented may or may not impose binding constraints on those rates. Further,
the severity of the constraints imposed, if any, can vary among states with prior
approval systems. We also observe that states with “competitive rating systems”
(states that employ a system other than prior approval, such as file and use, use
and file, etc.) may or may not seek to constrain insurers’ rates. Additionally, we
note that regulators are more likely to disapprove or temper insurers’ filings for
rate increases when a market is subject to considerable upward cost pressure and
insurers are seeking to substantially raise their rates.
A state’s attempt to constrain or interfere with the prices that insurers would
otherwise set can be manifested in two ways that are not mutually exclusive. One
of these ways is to impose a ceiling on insurers’ overall rate levels (i.e., a uniform
“haircut” is imposed on the rates [or rate increases]) for all risk classifications; we
refer to this practice as “rate suppression.” Alternatively, or in conjunction with
coverage, homeowners’ incentives to invest in mitigation will be diminished. Consequently,
regulators must consider these competing concerns in determining how they will respond to
insurers’ filings for rate increases.
19. It should be understood that other regulatory policies concerning such areas as solvency,
underwriting, policy provisions and claims settlement also are important but are not things for
which metrics can be readily developed that can be employed in a regression analysis. Hence,
while we offer some observations on how the regulation of insurers’ underwriting decisions may
affect market outcomes (as insurers’ underwriting is closely tied to their pricing), we are not in a
position to evaluate regulatory policies governing underwriting or these other areas based on our
empirical analysis. We do offer our opinions on those policies and practices in the areas of rate
regulation and RMM administration that are likely to result in more favorable market outcomes
and those that are likely to result in less favorable outcomes. Our opinions are informed primarily
by economic principles and the results of our empirical analysis, as well as prior research,
including state case studies and anecdotal observations.
20. The NAIC places state rate regulatory systems into the following categories: prior
approval, modified prior approval, flex rating, file and use, use and file, and no file (Klein, 2014).
Prior research on auto insurance and workers’ compensation insurance and anecdotal observation
indicate that states with prior approval systems are more likely to impose constraints on insurers’
rates than states employing the other types of systems. Hence, we use prior approval regulation as
a proxy for “strict regulation.” The presumption has been that states with the other types of
systems tend not to impose constraints on insurers’ rates (these systems are generally
characterized as “competitive rating”), but observers familiar with states’ actual practices know
that this is not always the case.
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rate suppression, a state may seek to cap the differences between the rates that can
be charged for different classifications or impose tighter constraints on the rates
for high-risk classifications than low-risk classifications; we refer to this practice
as “rate compression.”21
When regulators cause rates to be inadequate, this would be expected to
reduce the supply of insurance, all other things equal. We expect that insurers will
be more reluctant to voluntarily provide insurance for homes for which they are
not allowed to charge an adequate premium. Insurers may tolerate a small degree
of rate inadequacy, but severe regulatory constraints on prices would be expected
to result in significant distortions in the supply of insurance (Grace and Klein,
2009). This can force a substantial number of homes into RMMs. It also
contributes to moral hazard in that inadequate rates reduce insureds’ incentives to
reduce their exposure to losses (e.g., invest in hazard mitigation), which results in
higher risk and losses, all other things equal.
Excessive delays in getting rate changes approved can also contribute to
market inefficiency. Under a prior approval system, regulators are typically
subject to a “deemer provision,” (i.e., rate changes filed by insurers are deemed
approved if they are not disapproved within a 30- to 60-day period). Under a
competitive rating system, regulators typically have a limited amount of time (e.g.,
30 days) to inform an insurer that the rates that it filed are disapproved.22
However, under both systems, regulators can delay an insurer’s implementation of
a rate change by informing it that its filing is incomplete, lacks adequate support,
etc. Regulators sometimes use this tactic rather than disapproving a rate filing,
which requires them to state the grounds for disapproval. Even if a rate increase
filed by an insurer ultimately is approved, the delay in receiving approval can lead
to inadequate rates until the new rates can be implemented. Also, it is not
uncommon for an insurer and regulators to engage in a protracted bargaining
process over a rate filing, which results in a considerable delay, as well as
approved rates that are significantly below what the insurer initially filed.
Insurers’ underwriting practices are closely tied to their pricing structures.
(See, for example, Grace and Klein, 2009.) Regulation of insurers’ pricing can
affect their underwriting decisions, and regulation of their underwriting practices
can affect their pricing. All other things equal, tighter regulatory constraints on

21. A good illustration of this practice is the imposition of regulatory caps on the rates that
insurers are allowed to charge homeowners in coastal areas that are exposed to significant
hurricane risk. Rate compression typically results in overall rate inadequacy as it is difficult for
insurers to offset inadequate rates for high-risk insureds by charging excessive rates for low-risk
insureds.
22. Under a file and use system, regulators may allow an insurer’s filed rates to go into
effect and then retroactively determine that the rates were excessive. If this occurs, based on the
rates that the regulators will permit the insurer to implement, the insurer will be required to issue
refunds to policyholders for the difference in the premiums they paid and what were ultimately
approved. Generally, if an insurer believes that the rate changes it has filed may be subject to
such retroactive disapproval, it will defer implementing the rate changes until a final
determination is made to avoid having to issue refunds.
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insurers’ rates would be expected to induce insurers to tighten their underwriting
standards and reduce their exposures. In turn, greater regulatory restrictions on
insurers’ underwriting would be expected to result in higher rates.

4.2. Residual Market Mechanisms
There are three principle types of property insurance RMMs. Fair Access to
Insurance Requirements (FAIR) plans provide full coverage in some or all areas of
a state. The original purpose of FAIR plans was to provide property coverage to
urban areas where voluntary market coverage was less available due to the high
risks associated with fire and theft. Over time, FAIR plans have been increasingly
servicing properties exposed to various weather-related perils as insurers seek to
limit their exposure to these perils. Currently, there are 33 FAIR plans in operation
in the U.S.
Beach/Windstorm Plans (also called Wind Pools), a second type of
mechanism, generally provide windstorm and hail coverage to properties in
designated coastal areas that are subject to a high risk of windstorm damage.
These plans are designed to address the particular property insurance availability
problems in certain coastal areas, although some may also cover other perils, such
as fire. Currently, there are five Beach/Windstorm Plans ; the plans in Mississippi,
South Carolina and Texas offer wind/hail coverage only, and the plans in Alabama
and North Carolina also offer coverage for fire.
A third type of mechanism combines the first two types of plans and
essentially functions as a state-run insurance company. There are only two such
mechanisms in the U.S.: 1) the Florida Citizens Property Insurance Corporation
(FCPIC); and 2) the Louisiana Citizens Property Insurance Corporation (LCPIC).
Each comprises something equivalent to a FAIR Plan and a Coastal Plan
(Louisiana) or a Beach/Wind Plan (Florida). The FCPIC provides full coverage
and wind/hail coverage. Both plans in the LCPIC provide full coverage.
In many states, the three types of property RMMs are targeted toward
residential properties, but some also provide also coverage for commercial
properties. The availability of residential property insurance coverage is generally
the greatest problem and concern, but the supply of insurance coverage for certain
commercial properties may also be constrained in some areas.
While these mechanisms may serve as short-term safety valves in the event of
disruptions in the supply of private insurance, they are generally not intended to
serve as long-term sources of coverage for a substantial portion of a state’s
property exposures.23 For this reason, most states seek to properly structure and
manage these mechanisms, as well as minimize their size, i.e., retaining or moving
as many exposures in or to voluntary markets as possible. Beyond efforts to
23. Even in times when there is an ample supply of insurance in the voluntary market, there
may be some properties that meet minimum insurability conditions but are unable to secure
voluntary market coverage. Hence, it is common for these mechanisms to insure a relatively
small number of exposures for extended periods.
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maximize the supply of voluntary insurance, measures aimed at keeping policies
out of the residual market include maintaining residual market rates above
voluntary market rates and imposing stringent rules with respect to who is allowed
to obtain insurance from the residual market.24 Efforts to move policies out of the
residual market include “take-out” incentives for private insurers and programs
designed to match residual market policyholders with private insurers that are
willing to cover them.
Proper administration of an RMM also is important. To that end, a wellmanaged RMM will charge adequate rates to cover the loss exposures that it
insures and also will purchase adequate reinsurance to diversify its exposure to
catastrophic losses. Historically, some RMMs failed to employ such measures and,
consequently, incurred substantial deficits when they incurred high hurricane
losses (Klein, 2009c; FIO, 2015). In such instances, insurers are charged
assessments to pay for the deficits, most of which they are allowed to pass on to
their policyholders. At the very least, these assessments constitute a cross subsidy
between voluntary market insureds and RMM insureds. The amount of
assessments that insurers are not allowed to pass on to their policyholders must
necessarily be funded out of their premiums and surplus. This can further chill
insurers’ willingness to write business on a voluntary basis and increase the size of
the residual market, all other things equal.25

5. Empirical Analysis of Rate Regulation
and Residual Markets
In our empirical analysis, the two regulatory practices that are the focus of this
paper—rate regulation and residual markets—are assessed in relation to five
market measures: 1) the number of private insurers operating in a market; 2) the
structural competitiveness of the market; 3) the amount of capital supporting the
insurance written in the market; 4) the amount of reinsurance that insurers’
purchase to diversify their underwriting risk; and 5) the median loss ratio of
insurers operating in the market (a measure of underwriting profitability). In our
regression analysis, each of these market dimensions is measured as a net change
variable CYi using the following formula where Yi is the value of the underlying
variable i.
CYi,t = (Yi,t - Yi,t-2)/Yi,t-2

24. An example of such a rule is the requirement that a homeowner applying for insurance
coverage from an RMM must provide one or more declinations from voluntary market insurers.
25. Florida and Louisiana offer interesting and contrasting case studies of alternative
regulatory approaches with respect to voluntary markets vis-à-vis RMMs (Born and Klein, 2015).
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By comparing the supply decisions that insurers make in personal lines and
commercial lines following major natural disasters, Born and KlimaszewskiBlettner (2013) demonstrate empirically that “certain regulatory responses may
unintentionally impede insurers’ willingness to provide coverage against natural
disasters,” especially in the more heavily-regulated personal lines. “Prior approval
of rates and regulatory rules like policy cancellation bans discourage insurers from
offering insurance in certain lines of business and deter them from developing
effective strategies for dealing with changing risk exposures,” they write, adding
that there is “statistically significant proof for the expected ‘crowding out’ of
private insurers by residual markets.” Born and Klimaszewski-Blettner suggest
that regulation should place “more emphasis on the [solvency] monitoring
function than on rate approvals and post-disaster regulatory responses that can
have unintended consequences of reducing the availability of coverage.”
Whereas Born and Klimaszewski-Blettner focus on how catastrophes and
regulation affect individual homeowners and commercial property insurers'
decisions on how much insurance to supply (including fully exiting a market), our
analysis examines how catastrophes, rate regulation, and residual markets affect
the various dimensions of homeowners and commercial property insurance
markets identified above. Variation across states in the rate regulatory systems
they employ and the relative size of their residual markets, especially as they
follow catastrophic events, may help to yield insights into the best practices for
regulation. While the analysis here considers changes in each of the five measures
individually following a catastrophic event, the results should not be considered
separately. Rather, the results should be considered in concert to identify
consistencies and inconsistencies with respect to the estimated effects of
catastrophe risk, rate regulation and residual markets on different market
dimensions.

5.1 Analytical Approach and Sample
Changes to state homeowners and commercial property insurance markets are
analyzed using 30 years of data on homeowners and commercial property insurers
reporting data to the National Association of Insurance Commissioners (NAIC).
The key measures evaluated below are the relative changes over a two-year
period26 in each state-market for each of the following variables: the number of
firms; the Herfindahl-Hirschman index of market concentration (HHI); the amount
of capital (i.e., surplus as regards policyholders) held by insurers; the reinsurance
ratio27; and the median loss ratio.28 The analysis considers three primary factors

26. This two-year period should be long enough to allow affected insurers time to evaluate
their operations, but also short enough to avoid the need to control for subsequent catastrophic
events or changes in regulations.
27. The reinsurance ratio is defined as the ratio of reinsurance ceded divided by the sum of
reinsurance assumed and direct premiums written for all insurers writing business in a given
state-market.
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that affect
a
these marrket outcome m
measures: catastrophic eventss, prior approvval rate
regulaation and the reelative size of the state residuual market.
Table 3:
Varriable Descripttions

Because
B
markeets also evolvee for reasons oother than cataastrophic evennts and
regulaatory changess, the analysiis includes chhanges in staate demographhics—
popullation and hou
using starts—aand controls foor macroeconoomic effects thhrough
the use
u of a time trend variablle and other state-specific factors througgh the
inclussion of a statte fixed-effectts variable. D
Definitions of the dependennt and
explaanatory variablles used in thhe regression aanalysis are provided in Taable 3.
Descrriptive statisticcs for each variiable are proviided in Table 44, and a summ
mary of
the reegression resultts are providedd in Table 5.
Table 4:
Desscriptive Statistics

28.
2 The analysis also was conduccted on a sample that excluded Florida. The resullts were
consisttent with those reeported here.
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Ta
able 5:
Summary
S
of Regression
R
Reesults

Notes: Stand
dard errors terms reported below each coefficient. Results for yearr dummy variablees
omitted. *, ** and *** denotee significance at the
t 90%, 95% and
d 99% confidencee levels, two-taileed
tests.

The sample
s
includes all homeowners and co
ommercial prooperty insurerrs
operating in the U.S. over a 30-yearr period. The number of innsurers offeringg
homeowneers and commercial property insurance coveerage varies siggnificantly oveer
time. Figure 2 shows thee total numberr of insurers th
hat reported ddirect premium
ms
earned in the homeowneers insurance market,
m
the co
ommercial propperty insurancce
market or both, for thee sample periiod of 1984–2
2013.29 The ffigure shows a
dramatic in
ncrease in the number of firm
ms operating in
n the commerccial market, buut
a decline in
i the numberr of insurers th
hat also write homeowners insurance. Thhe
number off insurers that reported writting only hom
meowners insurrance coveragge
increased from
f
246 in 1984 to 458 in 20
013.
29. Thee insurers includeed in our analysis wrote at least $1
$ million in preemiums in a giveen
year. The co
ommercial propeerty insurers inclu
uded in our anallysis were all inssurers with direcct
written prem
miums in fire, allieed lines and/or co
ommercial multip
ple peril insurancee.
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Figure 2:
Num
mber of Insurrers Operatingg in U.S. Prop
perty
Insurancce Markets: 19984–2013

Sourcee: NAIC financial data;
d
authors’ calcculations

In
n our analysis,, insurer particcipation and peerformance are captured at thhe state
level in what is heereafter referreed to as an “iinsurer unit,” i.e., an insureer that
operaates in 20 statees is capturedd in the analyssis as 20 diffeerent units. Figgure 3
shows the total nu
umber of insuurer units that reported partticipating in w
writing
homeeowners or com
mmercial propeerty insurance in the U.S. ovver the period 1984–
2013.. The data indiicate that, overr the sample pperiod, the num
mber of homeoowners
units has declined by
b about 2,0000, while the num
mber of comm
mercial propertyy units
has increased
i
by roughly 4,0000. The averaage number oof states in which
homeeowners insureers reported bbusiness declinned from neaarly 7.94 statees per
insureer in 1984 to 3.43 in 2013. Thhe number of ssingle-state carrriers increasedd from
452 in
n 1984 to 509 in
i 1990, but suubsequently decreased to 4066 in 2013.

5.2 Estimation
E
The
T
markets for
f property iinsurance are affected by a state’s reguulatory
enviro
onment in seveeral ways. Whhile many statees have adoptedd similar approoaches
to reg
gulating forms and the licenssing of agents,, rate filing reqquirements andd their
appliccation, in particular, can havee a significant impact on thee ability of an iinsurer
to its adjust rates, either by restrricting the sizee of such adjuustments or deelaying
their approval and implementation
i
n. Also, as discussed above, regulators mayy seek
to co
onstrain the raate differentiaals between ddifferent risk classificationss, e.g.,
placin
ng a cap on thee rate factors ann insurer uses ffor different raate territories.
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Fig
gure 3:
Aggregate Nu
umber of Prop
perty Insurer Units: 1984–22013

Source: NAIC
C financial data; au
uthors’ calculation
ns

Insureers operating in
n a true compettitive rating env
vironment wouuld be expectedd
to have mo
ore flexibility in
i setting theirr rates than tho
ose that must fi
file and wait foor
approval. Arguments
A
forr strict rate reg
gulation are offten motivatedd by a desire too
provide “aaffordable” inssurance, whilee supporters off competitive rating system
ms
suggest thaat regulators in
n a prior approval system aree more likely too be influencedd
by politicaal consideratio
ons and argue that rate regu
ulation “artificcially depressees
prices, forcing insurers out
o of otherwiise important markets
m
and ddistorts the reaal
cost of insu
urance” (FIO, 2013,
2
p. 55).
After experiencing natural disastters, some staates establishedd or expandedd
existing sttate-sponsored RMMs. Thesse mechanismss, in theory, aare designed too
provide co
overage for high-risk property
y owners who cannot obtain insurance from
m
the privatee (also known
n as the “volu
untary”) insuraance market.300 Since privatte
insurers arre generally req
quired to particcipate to somee extent in statee RMMs, these
mechanism
ms can influencce an insurer’s decision on ho
ow much businness it writes inn
a state. If an
a insurer doees write busineess in the volun
ntary market, iit typically willl

30. In theory,
t
an RMM
M should serve ass a “market of laast resort,” i.e., nno other source oof
coverage is available to its in
nsureds. In practiice, under certain
n conditions, som
me RMMs may bbe
nd managed in su
uch a way that theey provide an alteernative source off coverage even tto
structured an
consumers who
w could buy inssurance in the volluntary market.
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be assessed to cover the residual market’s deficits based on its relative share of the
voluntary market.31
Several states have imposed exit restrictions and long-term policy cancellation
and non-renewal bans following a catastrophe (Klein, 2016). By design, these
measures are intended to force insurers to maintain their participation in the state
market even if they would otherwise prefer to reduce their exposures or exit
altogether. The use of these measures, and the perception that they could be used
again in the aftermath of future catastrophes, must be considered when assessing
the role of rate regulation and RMMs, as they may exacerbate the potential
negative consequences of regulatory practices on insurers’ post-catastrophe
decisions.32
The effects of rate regulation and RMMs on market structure and performance
are assessed through the analysis of the five market measures described above.
This assessment considers how prior approval regulation and the relative size of
RMMs affect market outcomes, generally over time, as well as specifically
following an economically catastrophic event. As such, the analysis yields insights
on the market dimensions (e.g., structural competitiveness, capacity) for which
these regulatory responses are most influential and whether the influence is
positive or negative for each dimension. The results of the analysis are reported in
Table 5 and discussed in the following sections, with each market dimension
analyzed separately.
Some explanation of the exact specification of our explanatory variables is
warranted. “Cat” is a dummy variable equal to one when there has been a
“catastrophic” event in a state two years earlier. As noted above, we determine that
a catastrophic event has occurred when at least one-half of the homeowners
insurers operating in the state report a loss ratio of 1.25 and/or greater or 25% of
the insurers in the state report a loss ratio of 1.5 or greater.33
“Prior approval regulation” is a dummy variable equal to one for
states/markets with a prior approval regulatory system in effect for the relevant
line of business.34 We are using a prior approval regulation as a proxy for “strict
regulation” with the understanding that it is an imperfect proxy with no better
31. RMMs are rarely self-sufficient. Where the rates charged to high-risk policyholders are
too low to support the program’s operation, insurers are generally assessed to make up the
difference (Klein, 2009c).
32. In an evaluation of the Florida property insurance market, Medders, et. al. (2014) note
that “a focus on price-reducing legislation and regulation has led to increased solvency
constraints and negative first-order effects on private industry capacity. Such legislation and
regulatory actions impacting Florida’s property insurance market create significant uncertainty
for private insurers and add to the cost of doing business in Florida” (p. 199).
33. A catastrophic event is determined to have occurred when either or both of these
conditions have been met. We also tested the use of an alternative specification of this variable
using a three-year lag, but it did not have a material effect on our estimation results.
34. States with a prior approval system for homeowners insurance do not necessarily have a
prior approval system for the commercial property lines. In our analysis, the prior approval
regulation dummy variable is different for homeowners insurance and commercial property
insurance.
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alternatives readily available. Some (perhaps many) states with prior approval
systems do not attempt to impose significant constraints on insurers’ rates at any
given point in time. Similarly, some states with “competitive rating systems” (i.e.,
something other than prior approval) may seek to impose constraints on insurers’
rates at different points in time.35
“Residual market” is specified by the amount of direct premiums earned in a
state’s RMM(s) divided by the amount of direct premiums earned in both the
voluntary and residual market. We anticipate that there is some “noise” associated
with this variable as the size of state’s residual market may be affected by many
factors beyond how it is structured and administered, including how rates are
regulated in a given state and market.
Our dataset combines separate observations for insurers’ homeowners
operations and their commercial operations. In the results presented below, the
estimated coefficients on our key explanatory variables—catastrophes, prior
approval regulation and residual markets—describe the relationships between
these explanatory variables and our dependent variables for commercial property
insurers and homeowners insurers. We include interactions of these three
explanatory variables with a dummy variable, “HO,” which equals one if the
observation is for homeowners insurance, to further capture the unique
relationships for homeowners insurance relative to commercial property insurance.
We employ several additional interaction terms to measure the effects of these
explanatory variables for other subsets of insurers in our sample—i.e., those
affected by a catastrophe and those in a prior approval rate filing regime. As an
example, in our first regression reported in Table 5, the coefficient on our variable
“Residual Market * HO Insurer * Cat” captures the relationship between the size
of the residual market and the change in the number of firms following a
catastrophic event for the homeowners insurers in a state affected by a catastrophic
event relative to the change in the number of commercial or homeowners insurers
in states without a catastrophic event and the change in the number of commercial
insurers in states with a catastrophic event.
Our model includes two control variables (in addition to year dummy
variables and state fixed effects): 1) the change in state population from the
previous year (“change population”) and the number of housing starts per capita
(“housing starts”).36 All other things equal, we would expect that both of these
variables would increase the demand for homeowners and commercial property
insurance, which could have effects on all of our dependent variables.
35. Researchers have struggled with developing better measures of regulatory stringency
with some success, but the measures of regulatory stringency that have been employed were not
available for homeowners or commercial property insurance over the time period used in our
analysis. For example, Klein, et. al. (2002) developed rate regulatory stringency measures based
on the disposition of advisory rate/loss cost filings in auto and workers’ compensation insurance
for the period 1986–1997.
36. “Change Population” is equal to a state’s population in the previous year minus a state’s
population in the current year divided by a state’s population in the previous year. This is
calculated as a percentage and not as a strict ratio.
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5.2.1 Number of Insurers in a Market
One easily determined measure of the supply of insurance is the number of
firms operating in a market. All other things equal, it would seem preferable to
have more insurers offering coverage in a market rather than fewer insurers, with
the understanding that the overall size of a market will affect how many insurers
can operate and earn what they consider to be an adequate profit. More insurers in
a market offer consumers more choices and should also promote greater
competition. That said, not all insurers are created equal, and it would be in the
best interest of consumers to have insurers in a market that were financially sound
and would not be at significant risk of becoming insolvent.37 With these caveats in
mind, a net relative increase in the numbers of insurers is viewed as a positive
development. Conversely, a persistent decrease in the number of homeowners
insurers is cause for concern, as it would have a negative effect on consumers’
access to coverage. In our analysis, we employ the net relative change in the
number of insurers over a two-year period.
The impact of a catastrophe on the number of insurers is a matter of particular
interest. If the likelihood of a catastrophe were fully anticipated by insurers in a
competitive and unregulated market, they would not necessarily be prompted to
revise their assessments of the risk of writing future homeowners insurance
coverage in the state, and we would not expect there to be a significant effect on
exit or entry. The losses from the catastrophic event would be viewed as a sunk
cost, so that if it was profitable to write insurance coverage in the state prior to the
event, then it should continue to be profitable to do so. Because the risks were
fully anticipated, insurers would have their premiums in a manner so that, in the
long run, they would expect to earn a sufficient profit to make writing coverage
desirable. On the other hand, if an insurer perceived that a catastrophe reflected a
significant increase in risk, this could prompt it to make various changes in its
operations, including withdrawing from the market.
For these reasons and others, it is difficult to predict how a catastrophe will
affect the number of insurers in a market. While many catastrophic events may not
cause insurers to change their estimates of catastrophe risk, some events may
cause insurers to believe that catastrophic risk has increased and that their best
course of action is to exit the market to avoid further catastrophe losses. That said,
there might be other insurers who view a catastrophe as an opportunity to enter a
market to absorb policies shed by insurers that have exited the market or reduced
their exposures.
We do expect prior approval regulation to be associated with a decrease in the
number of insurers that might be exacerbated after a catastrophe, all else equal.
Our reasoning here is that regulators in prior approval states are presumed to be
more likely to constrain insurers’ rates, which, in turn, would be expected to cause
some insurers to exit the market and discourage other insurers from entering the
market. We also expect that a larger residual market should be associated with
37. Taking this point a bit further, all other things equal, it would be desirable to have firms
that are well capitalized and geographically diversified.
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fewer insurers in the voluntary market for at least two reasons. One, a larger
residual market may induce insurers to leave a market because of their concerns
about their assessments for residual market deficits. Two, we expect that as a
residual market increases, the voluntary market would shrink and, hence, would
support fewer insurers in that market.38
The results of our analysis of the relative change in the number of insurers
operating in a state-market reported in Table 5 indicate the following. While the
number of insurers varies substantially over time, changes in the number of
insurers in a state are not significantly related to catastrophic events. Prior
approval rate regulation is associated with a reduction in the number of
homeowners insurers, relative to the number of commercial property insurers
operating in a state. However, we do not find a statistically significant relationship
between prior approval regulation and the number of homeowners insurers nor
commercial property insurers following a catastrophic event.
Our failure to find a statistically significant relationship between catastrophic
events and the number of insurers operating in a market is noteworthy. We know
that from anecdotal observations that, in at least few cases, a catastrophic event
does create a certain amount of turmoil in a market and has led to insurer exits.
Further research and testing of different model specifications are needed to
determine the circumstances, if any, that could prompt insurers’ exit from a market
following a catastrophe. It may be the case that only very large catastrophes that
cause a significant reassessment of insurers’ risk result in a material and
measurable reaction in terms of insurers’ decisions to stay in or leave a market. It
also may be the case that, after a catastrophe, some insurers leave a market while
other insurers enter it, seeking opportunities to capture the business of exiting
insurers. Another possibility is that insurers’ reactions to catastrophes play out
over a longer time period than two years.
The number of commercial property insurers in the state increases with the
size of the residual market, while the number of homeowners insurers decreases
with the size of the residual market. The effect of residual market size on
homeowners insurers is actually slightly smaller in years following catastrophes
but is not statistically significant. The negative relationship between the size of a
state’s residual market and the relative change in the number of homeowners
insurers is consistent with what we would expect. It is less clear why the size of
the residual market would have a positive effect on the number of commercial
property insurers. It is possible that the size of the residual market reflects more
general perceptions of increased risk in the state that might create new
opportunities for commercial insurers to enter the market for property insurance
and attract commercial buyers that were previously self-insured.
5.2.2 Market Concentration
Changes in the number of insurers operating in a market, among other factors,
would be expected to affect its structural competitiveness. Throughout the sample
38. Born and Klimaszewski-Blettner (2013) refer to this as the “crowding-out effect.”
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period, no states had fewer than 27 insurers participating in the homeowners
market or 97 insurers participating in the commercial property market in any given
year. Average insurer market shares were 0.8% and 0.4% for the homeowners and
commercial property markets, respectively. The HHI, a measure of market
concentration, averaged 880 for homeowners markets and 240 for commercial
property markets. A relatively low value of the HHI, which ranges from 0 to
10,000, indicates a competitive market.39 By these indicators, both markets are
very structurally competitive across all states. In only one state, Delaware, did any
one insurer write more than 50% of the commercial property business.
Compared to changes in the number of insurers, analysis of changes in market
concentration not only reflects changes in the number of insurers in the market,
but also changes in the distribution of the business across insurers operating in the
market. Thus, if one large insurer exits, the effect on the number of insurers is
negligible, but the effect on market concentration can be substantial. The
occurrence of a catastrophe could be associated with an increase or a decrease in
market concentration. If a specific event has particularly adverse effects on smaller
companies prompting them to exit the market or reduce their exposures, this could
cause market concentration to increase. On the other hand, a catastrophe could
cause larger insurers to reduce their exposures (or exit the market), which would
lead to decreased market concentration. Indeed, both effects may occur, which
would work in opposite directions, so we cannot predict a priori as to whether the
occurrence of a catastrophe will increase or decrease market concentration.
As with the number of insurers, we do not find a statistically significant
association between catastrophic events and changes in the HHI for either
homeowners or commercial insurance markets. Prior approval regulation is
associated with an increase in market concentration for homeowners insurance, all
else equal. It is, however, negatively related to market concentration following a
catastrophe for commercial insurers and homeowners insurers combined. One
possible explanation for these results is that for commercial property insurers,
catastrophes tend to cause some large insurers to exit the market (or reduce the
amount of the business they write), and this tendency is more dominant in relation
to catastrophes prompting smaller insurers to exit the market.
The relative size of the residual market is positively related to the
concentration of the homeowners market, in general. However, this relationship
becomes negative following a catastrophe. It may be the case that, absent a
catastrophe, a larger residual market is associated with the exit of smaller insurers
from the voluntary market who are unable to compete with the residual market. On
the other hand, following a catastrophe, large insurers may become more
concerned about the size of the residual market and what this portends in terms of
their future assessments for residual market deficits, which could be substantial if
39. According to horizontal merger guidelines promulgated by the U.S. Department of
Justice and the Federal Trade Commission, markets with HHI values under 1,500 are considered
to be “un-concentrated”; a merger that would not cause a market’s HHI to exceed 1,500 would
generally not raise any concerns from an antitrust perspective.
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there are more catastrophes. Such concerns may prompt some large insurers to exit
from or reduce their presence in the homeowners market.
5.2.3 Market Capacity
Another important market dimension is insurers' capacity for bearing risk.
One measure of this is the total capital (surplus) of the insurers operating in a
market. More capital indicates a greater ability to accommodate larger than
expected losses, but there are costs to holding capital. These costs include taxes
that must be paid on undistributed reserves, the opportunity cost of not putting the
capital to use (investing it) elsewhere and the possibility of becoming a takeover
target.40
Cummins, et. al. (2002) evaluate the capacity of the U.S. market for bearing
risk and suggest a natural definition of industry capacity is “the amount of industry
resources that are deliverable conditional on an industry loss of a given size”
(p.557). Thus, an evaluation of changes in market capacity following catastrophic
events should also consider insurers’ use of reinsurance, which allows insurers to
increase their capacity for bearing risk. While we would expect insurers to
reevaluate their reinsurance arrangements following a catastrophe, Froot and
O’Connell (1999) find that supply shocks are more important than demand shocks
in explaining the effects of catastrophe losses on reinsurance prices and the
amount of reinsurance coverage purchased. Consequently, while holding more
capital and securing more reinsurance may be considered substitute approaches to
increasing an insurer’s capacity, capital reductions, along with a reduction in the
availability of reinsurance, can have adverse effects on the availability of property
insurance.
Additionally, the amount of capital that is backing the amount of insurance
coverage that is being provided in a market has implications for the “quality” of
that coverage, with the understanding that the capital is divided among the various
insurers. All other things equal, it is desirable to have insurers with adequate
capital and reinsurance providing coverage in a market (Grace, et. al., 2004).
Concerns arise when insurers with inadequate capital and reinsurance insure large
amounts of exposures subject to catastrophe losses. Such insurers are more likely
to default on their obligations to policyholders when a catastrophe strikes.41
Since insurers report capital (i.e., surplus as regards policyholders) at the
company level, one can only estimate the amount of capital that is available to
cover catastrophic losses in any given state. For many insurers, the reported
amounts support their operations in all lines and states in which they do business.
For example, if an insurer incurs catastrophe losses in more than one state, its
capital will be allocated across all affected states to absorb its losses. Some
40. For further discussion of the costs of holding capital, see Korczyk (2005).
41. The insolvency of the Poe companies in Florida following the 2005 storm season is an
example of what can go wrong when insurers with insufficient capacity underwrite large amounts
of high-risk exposures (Grace and Klein, 2009). The insolvency of the three Poe companies
resulted in approximately $800 million in unpaid claims that were assumed by Florida’s guaranty
association.
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companies, on the other hand, have created separate “pups” that operate as legally
separate entities in a state. When the pup is affected by a catastrophe, only the
capital within the pup is at risk.42
The amount of capital held by the property insurers operating in a state varies
significantly over time. Over the entire sample period, some states saw an increase
of more than 200% while others experienced much smaller increases, and no states
saw a reduction. If insurers had not changed their risk exposures over this period,
then this would constitute a positive development in that there would be more
capital supporting a given amount of exposures. However, risk exposures change,
and this capital is supporting other lines of business and exposures in other states.
Nonetheless, a significant reduction in the capital available to support the property
risks in a state might indicate further instability of the state market and associated
availability problems.
Consider a change in capital that occurs in the years following an
economically catastrophic event. In the short term, a significant reduction could
reflect the higher-than-expected losses due to the catastrophic event. A reduction
in total capital that persists over a longer period of time might indicate that larger,
well-capitalized insurers have chosen to exit the market.
Our analysis of the state total capital, as reported in Table 5, indicates the
following. All else equal, changes in state total capital over time are not
significantly related to catastrophic events. This holds across the different types of
insurers and states with different regulatory systems. One possible explanation for
this is that a catastrophe can have different effects on the amount of capital
backing the coverage provided in a market that work in opposite directions. On the
one hand, the exit of one or more well-capitalized insurers would have a negative
effect on the total amount of capital. Also, some insurers that remain in the market
may suffer a reduction in capital due to catastrophe losses. On the other hand,
other insurers that continue to write business in the market may choose to maintain
or even increase the amount of capital they hold to increase their capacity to cover
future catastrophe losses.
In prior approval states, homeowners insurance markets exhibit a significant
3.2% average decline in capital over a two-year period relative to commercial
property insurers. This suggests that, all other things equal, stricter rate regulation
leads to the exit of highly-capitalized homeowners insurers and/or prompts
homeowners insurers remaining in the market to reduce the amount of capital they
42. It should be noted that some of the larger insurer groups have employed the strategy of
establishing “pup” companies in high-risk states for at least two reasons. One reason is that the
effect of regulation and market conditions in a state are more evident in the financial data of the
pup than in the financial data of a company with operations in multiple states. A second reason is
that, under extreme conditions and the incurrence of severe catastrophe losses by the pup, its
parent company is not obligated to bail out the pup. That said, the parent company may still
choose to provide a capital infusion to the pup. Our point here is that the use of pup companies
affiliated with large, national insurers is preferable to either the complete withdrawal of large,
national insurers (i.e., they have no affiliated insurers in a state) or their replacement by small,
regional or single-state insurers with much less capacity and geographic diversification.
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hold. What we see here is consistent with the findings of Klein, et. al. (2002), who
provide evidence that prior approval regulation has a negative effect on the amount
of capital insurers hold. A larger residual market also is associated with a
significant reduction in capital among homeowners insurers.
As with the amount of capital, one can only estimate the amount of
reinsurance coverage that is available to support catastrophic losses in a state
because reported reinsurance amounts support insurers’ operations in all states in
which they do business. Insurers’ reported reinsurance assumed and reinsurance
ceded amounts are used to create a state-level reinsurance measure, defined as the
ratio of reinsurance ceded divided by the sum of reinsurance assumed and direct
premiums written. From 1996 to 2013, the average state reinsurance ratio for all
property insurers (commercial and homeowners) increased from about 1% to more
than 8%. The state average reinsurance ratio for commercial insurers is roughly
four times higher than that for homeowners insurers (12% and 3%, respectively,
in 2013).
Our analysis of the state reinsurance ratio reported in Table 5 indicates the
following. All else equal, changes in state reinsurance ratios are not significantly
related to catastrophic events. This is the case across the different types of insurers
and states with different regulatory systems. As with amount of capital, it is
possible that a catastrophe can have different effects on the amount of reinsurance
purchased that work in opposing directions. On the one hand, a catastrophe could
prompt some insurers that purchase large amounts of reinsurance to exit the
market. On the other hand, other insurers that continue to write business in the
market may choose to maintain or even increase the amount of reinsurance they
purchase to increase their capacity to cover future catastrophe losses.
The state reinsurance ratio is generally higher in states with prior approval
rate regulation. However, the state reinsurance ratio for homeowners insurers
subject to prior approval regulation is significantly lower than the ratio for
commercial property insurers. There are at least two possible explanations for
these results that are not mutually exclusive. One explanation is that stricter rate
regulation, by constraining the rates that homeowners insurers charge, also
constrains the amount of reinsurance they can purchase. A second explanation is
that stricter rate regulation prompts the exit of homeowners insurers that have
higher amounts of reinsurance.
The residual market share, on average, is positively related to the state
reinsurance ratio. However, the effect of the residual market share on the
reinsurance ratio is negative for the homeowners insurance market. One possible
interpretation of this result is that a larger residual market prompts homeowners
insurers to purchase less reinsurance as more of their high-risk exposures have
moved to the residual market. It also may be the case that the residual market
variable is capturing the effect of other regulatory practices or market conditions
that induce homeowners insurers to purchase less reinsurance. Additionally, a
larger residual market may encourage the exit of homeowners insurers that
purchase larger amounts of reinsurance.
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When these results are considered in conjunction with those regarding
changes in capital, homeowners markets in states with prior rate regulation and/or
a relatively large residual market have experienced a significant reduction in the
amount of insurance industry resources available to cover catastrophic losses.
Regulators need to consider how their policies affect market capacity when
contemplating measures aimed at preserving the affordability of coverage and/or
expanding the use of residual markets as an alternative source of coverage.
More specifically, other considerations aside, regulators should employ practices
that encourage insurers to increase the amount of capital and reinsurance that
supports the coverage they write in a given market, e.g., allowing them to charge
risk-based rates.
5.2.4 Underwriting Performance
Insurers underwriting performance for property insurance is variable by
nature, but significant catastrophic events may have substantial effects on insurers’
post-catastrophe operations. The loss ratio (losses incurred divided by premium
earned) is a commonly used measure of insurers’ underwriting performance. State
median loss ratios are used here to evaluate how the rate regulatory system in a
state, along with other factors, affects insurers’'\ underwriting performance. If a
catastrophe prompts insurers to increase their prices, then we would expect the
median loss ratio to fall following a catastrophic event. On the other hand, if
regulators in prior approval states tend to constrain insurers’ rates, this should tend
to increase insurers’ loss ratios, all other things equal.
In our analysis of state median loss ratios reported in Table 5, we did not find
a statistically significant relationship between the median loss ratio and
catastrophic events or prior approval regulation. As discussed earlier, it may be the
case that only some catastrophes prompt insurers to reassess their estimates of the
risk they face and raise their prices. Further, catastrophe-induced price increases
may be implemented over a longer time period than two years. Our results also
suggest that prior approval regulation per se does not have a material effect on
insurers’ rates, all other things equal. This could reflect the limitations of using a
prior approval system as a proxy for strict regulation of insurers’ rates.
Our analysis of loss ratios reveals only one significant finding: The share of
premiums in the residual market share is positively related to commercial and
homeowners insurers’ loss ratios, and this effect is greater following a
catastrophe. Larger residual markets could be having a negative effect on market
profitability for at least two reasons. One is that if an insurer is charging
inadequate rates and accounts for a significant share of the total market, this in
itself could increase insurers’ loss ratios. We would expect that this would be
case in states where the residual market mechanism uses an assigned risk
approach and its rates are inadequate. Where this approach is used, the loss ratios
of voluntary market insurers would reflect the inadequate rates they would be
forced to charge for residual market insureds. A second reason is that inadequate
rates in an RMM could undermine insurers’ efforts to charge adequate rates for
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voluntary market insureds.43 This supports the view that regulators should seek
ways to reduce the size of the residual market through the measures we have
discussed earlier, including setting residual market rates that do not compete with
rates in the voluntary market and imposing strict eligibility requirements for
residual market coverage.

6. Summary and Review
Recognizing that insurers react to catastrophic events in a variety of ways, this
paper evaluates two important aspects of regulatory policies that can significantly
influence homeowners insurance markets. Individual firm experiences and
characteristics are not explored. Instead, we examine the features of state
regulatory environments that mitigate or exacerbate the adverse economic
consequences of natural disasters as they affect the functioning of homeowners
and commercial property insurance markets. Two specific areas of regulation are
considered: 1) rate regulation; and 2) residual market mechanisms. We conduct an
empirical analysis of how the existence of a prior approval rate regulatory system
and the relative size of a state’s RMM affect five measures of market structure and
performance: 1) changes in the number of property insurers; 2) the HHI of
structural competition; 3) total insurer financial capital; 4) the reinsurance ratio; 5)
and the state median loss ratio.
Our empirical analysis indicates that a prior approval regulation regime is
generally associated with less desirable outcomes in homeowners insurance
markets. More specifically, for homeowners insurance, prior approval rate
regulation is associated with a decrease in the number of insurers, an increase in
market concentration and a reduction in capacity (i.e., a decrease in surplus and
less reinsurance purchased).
It is important to note, however, that a state’s rate regulatory system does not
fully reflect how rates are actually regulated in that state at any given point in
time. In particular, there may be substantial variation across states in the specific
manner in which a “prior approval system" is implemented. Further, regulators in
some states with “competitive rating systems” (e.g., file-and-use) may seek to
constrain rates as a general policy or at certain times. Hence, we are not in a
position to conduct a more precise analysis of how actual rate regulatory practices
affect property insurance markets. This specification issue is a matter for further
research.44 Consequently, while we can surmise when regulators attempt to solve
43. We would expect that this effect would be more pronounced in states where the RMM
does not enforce strict eligibility requirements.
44. We have given this matter considerable thought. We identified several possible ways in
which actual rate regulatory practices in a given state could be determined. One way would be to
examine the rate filings of insurers and the disposition of these filing by a state’s regulators. We
have explored the feasibility of this approach and determined that it would involve an enormous
amount of work and appears to be impractical for developing reliable metrics of regulatory
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post-catastrophe availability and affordability issues by suppressing rates that they
may exacerbate these problems in the long run, more work is needed to provide
stronger empirical support for this thesis.
We also find some evidence that larger residual markets are associated with
poorer outcomes in homeowners insurance markets. As with prior approval
regulation, a larger residual market is associated with a decrease in the number of
insurers, higher market concentration, reductions in market capacity and higher
median loss ratios. The existing beach plans and wind pools that were established
in the wake of catastrophic events deserve further scrutiny, especially those that
retain a large market share in the state, as they seem to be driving some
homeowners insurers out of states. The expansion of FAIR plans to properties
subject to significant catastrophe risk and the creation of state residual market
insurers (i.e., the FCPIC and the LCPIC) also create the potential for adverse
effects on homeowners insurance markets.
In essence, when these mechanisms are designed and administered properly as
true markets of last resort, they are likely to have only minor adverse effects, if
any, on homeowners insurance markets. It is when these mechanisms are designed
and administered to achieve questionable objectives (e.g., the supply of
“inexpensive” insurance coverage) that more significant problems can occur. Best
practices with respect to the design and management of RMMs could include: 1)
setting adequate residual market rates that are not competitive with the voluntary
market; 2) imposing strict requirements for properties that are eligible for residual
market coverage; 3) purchasing adequate reinsurance coverage; and 4)
administering “keep-out” and “take-out” programs that reduce the number of
residual market policies. Further, measures that maximize the availability of
voluntary market coverage (e.g., allowing insurers to charge risk-based rates),
should also help to decrease the size of RMMs.
Finally, the different effects of prior approval regulation and RMMs on the
homeowners and commercial property insurance markets provide some evidence
of the consequences of efforts to ensure affordability at the cost of rate adequacy.
Compared to the homeowners insurance market, the commercial market does not
appear to experience adverse disruptions due to prior approval regulation and
residual market size. This brings us back to the dilemma faced by regulators: how
to keep homeowners insurance “affordable” without unduly undermining market
stability and efficiency. It may be possible to develop programs that would help
homeowners in high-risk areas who can neither afford the full price of coverage
nor be expected to move or invest in loss mitigation. Such programs could be
preferable to attempts to enforce artificially low and thus indirectly subsidized
stringency across all states for an extended period of time (e.g., 10 years). A second approach
would be to compare the loss costs filed by advisory organizations with the loss costs approved
by regulators. This approach could be more feasible if the necessary cooperation of advisory
organizations could be obtained. A third approach would be to survey insurance companies on
their characterization of each state’s rate regulatory environment over time.
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premiums for all homeowners in high-risk areas, as it would allow market forces
to continue to work.45 However, it is important that a subsidization program
include appropriate incentives for mitigating against future losses.
We must also acknowledge that our empirical analysis did not reveal a
statistically significant relationship between catastrophic events and market
outcomes with the exception of market concentration, contrary to what we
expected. We know from studies that have examined the effects of specific events
or a series of events (e.g., Hurricane Andrew, the 2004–2005 storm seasons) that
there were significant disruptions in a number of state homeowners insurance
markets along the southeast and Gulf Coasts (Grace and Klein, 2009; Klein,
2009a). Consequently, in conducting a broader empirical analysis across a larger
number of states for an extended period of time as we have done here, further
work is needed to develop a better approach to estimating how specific events
and/or changes in insurers’ assessment of catastrophic risk affect state
homeowners insurance markets.
Assessing the effects of other regulatory policies with respect to insurers’
underwriting and policy provisions would also be desirable but highly challenging.
It would be necessary to develop specific metrics for such policies, which would
require detailed research on state regulations and rules in these areas. In summary,
while the analysis reflected in this paper provides some insights on how regulatory
practices can affect market outcomes, further research on various dimensions of
the regulation of insurance markets subject to catastrophic risks would provide the
basis for more specific recommendations on regulatory practices that best serve
the public interest.

45. NRC (2015) provides a thoughtful examination of how flood insurance could be made
more affordable for some property owners.
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