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Preface

In an effort to increase the availability and affordability of insurance for catastrophic events,
the Catastrophe Obligation Guarantee Act (S.886/H.R.4014) was introduced in Congress in
2009. The bill would authorize the federal government to provide committed loan guarantees
to qualified state catastrophe-insurance programs to reduce the programs’ cost of financial
capacity used to pay insurance claims after catastrophic events. Lower capacity expense can
translate directly into lower premium rates and, therefore, lower-cost insurance.

One of the arguments in support of this provision is that lower-cost catastrophe insurance
could reduce federal disaster-assistance expenditures because increasing the number of resi-
dents who buy the catastrophe insurance would decrease the uninsured loss in disasters. The
California Earthquake Authority (CEA), a state-managed catastrophe-insurance provider that
would qualify for the loan guarantees, asked the RAND Corporation, in collaboration with
Risk Management Solutions, to estimate the potential magnitude of this effect for earthquakes
in California. A primary objective of this analysis is to help inform federal decisionmakers in
their debate about the proposed legislation. As part of the analysis, the report examines the
price elasticity for earthquake insurance and relationships between earthquake-insurance cov-
erage and loss compensation. Consequently, the report is also anticipated to be of interest to
disaster-insurance suppliers, state insurance regulators, researchers, and consumers.

The RAND Institute for Civil Justice

The mission of the RAND Institute for Civil Justice (IC]) is to improve private and public
decisionmaking on civil legal issues by supplying policymakers and the public with the results
of objective, empirically based, analytic research. ICJ facilitates change in the civil justice
system by analyzing trends and outcomes, identifying and evaluating policy options, and
bringing together representatives of different interests to debate alternative solutions to policy
problems. IC] builds on a long tradition of RAND research characterized by an interdisciplin-
ary, empirical approach to public policy issues and rigorous standards of quality, objectivity,
and independence.

ICJ research is supported by pooled grants from corporations, trade and professional
associations, and individuals; by government grants and contracts; and by private foundations.
ICJ disseminates its work widely to the legal, business, and research communities and to the
general public. In accordance with RAND policy, all IC] research products are subject to peer
review before publication. IC]J publications do not necessarily reflect the opinions or policies of
the research sponsors or of the IC] Board of Overseers.
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Information about ICJ is available online (http://www.rand.org/icj/). Inquiries about
research projects should be sent to the following address:

James Dertouzos, Director
RAND Institute for Civil Justice
1776 Main Street

P.O. Box 2138

Santa Monica, CA 90407-2138
310-393-0411 x7476

Fax: 310-451-6979

James_Dertouzos@rand.org
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Summary

Only about 12 percent of insured homeowners in California have earthquake insurance, which
gives rise to concern about the large proportion of losses that will go uninsured in a large earth-
quake. Large uninsured disaster losses have significant negative impacts, not only on individu-
als and communities directly affected by the disaster but also on the nation as a whole in the
form of postdisaster assistance from the federal government. Federal disaster-assistance spend-
ing between 1989 and 2008 exceeded 30 percent of the disaster losses, and this ratio has been
increasing over time (Cummins, Suher, and Zanjani, 2010).

In an effort to increase the availability and affordability of catastrophe insurance for
homeowners, newly proposed federal legislation includes a provision for committing federal
guarantees for loans to qualified state disaster-insurance programs. These catastrophe obliga-
tion guarantees would support state disaster-insurance programs when they go to the private
capital markets to borrow funds for claim payments following extraordinarily large disasters.

The CEA is a state-managed, largely privately funded entity that provides residential
earthquake insurance that would qualify for loan guarantees under the proposed legislation.
The CEA anticipates that committed federal guarantees would reduce its need for reinsurance,
which would lower its expenses and allow it to charge consumers less. This would stimulate
increased earthquake-insurance coverage, resulting in lower uninsured loss in an earthquake
and, ultimately, reducing demand for federal disaster assistance. Thus, providing catastrophe
obligation guarantees could result in a net savings to the federal government.

This analysis uses empirical and theoretical arguments to estimate the magnitude of this
potential savings. Key elements of the analysis include a cross-sectional analysis to estimate
the sensitivity of consumer demand for earthquake insurance to price (the price elasticity of
demand); using earthquake loss-modeling simulations to estimate the relationship between
residential earthquake-insurance coverage and uninsured loss in an earthquake; and perform-
ing an empirical examination of the sensitivity of demand for federal disaster assistance to
uninsured residential loss. Our analysis examines two sources of disaster assistance that would
be reduced by increased residential earthquake-insurance coverage: federal subsidies on low-
interest disaster home loans from the Small Business Administration (SBA) and the federal
individual income tax deduction for uninsured disaster losses.

Our analysis indicates that catastrophe obligation guarantees would reduce federal
disaster-assistance costs by $3 million to $7 million for every $10 billion in total earthquake
loss. For a simulated magnitude-7.2 earthquake on the San Francisco peninsula segment of the
San Andreas Fault, the estimated federal savings would be $88 million. Although the guar-
antees are expected to increase consumer demand for earthquake insurance from the CEA by
about 13 percent, this ultimately translates to a much smaller effect on disaster assistance. The
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reason that the federal savings is not more substantial is that earthquake-insurance pricing
ultimately has a modest influence on the uninsured loss in an earthquake. This occurs because
only a small portion of residential earthquake losses are insured to begin with (11 percent), the
increase in demand for earthquake insurance in response to a price decrease is modest (price
elasticity of demand = —0.44) and applies only to the CEA share of the market (61 percent),
and a given increase in take-up leads to a lesser decrease in uninsured losses, because individual
losses often occur in ranges that fall below deductibles.

While our analysis indicates that the federal savings under catastrophe obligation guar-
antees would be modest, the Congressional Budget Office (2010) estimates that the cost to
the federal government of providing catastrophe obligation guarantees would also be small. A
quantitative comparison of annualized costs and benefits is not possible with available data, but
we estimate that benefits would exceed costs if the annual expected total loss from earthquakes
in California was $7 billion or greater.

Our findings show that changes in insurance coverage would have to be dramatic to have
an appreciable impact on uninsured loss and disaster assistance. This suggests that other avenues
for increasing earthquake-insurance coverage, such as increased public education and market-
ing and offering new earthquake-insurance products that provide more-attractive options for
consumers, might warrant consideration. Increasing earthquake insurance may have benefits
beyond reducing federal disaster-assistance expenditures. Uncompensated disaster losses might
have far-reaching and sustained economic impacts on families and communities. Examples of
such indirect losses include depletion of individual savings, losses to lenders from widespread
defaulting of home mortgages, local decreases in property values and property tax revenue,
increased unemployment, decreased income tax revenue, and lower business investment and
entrepreneurship. Few of these impacts would be compensated by disaster-assistance programs,
so they would be reduced only by increased insurance coverage.
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Introduction

Maintaining a healthy catastrophe-insurance market is challenging. Compared with other
insurance risks, disasters occur with low frequency, have high consequences, and result in
losses that are concentrated in time and space. These characteristics create great uncertainty
about risk levels and require access to large amounts of capital, risk-transfer mechanisms (com-
monly, reinsurance and, more recently, securitizing devices, such as catastrophe bonds), or debt
capital. These and other factors lead to high insurer costs and correspondingly high premiums
and deductibles for insurance policyholders. The combination of high prices, uncertain risk,
and long recurrence interval between events deters those at risk from purchasing catastrophe
insurance.

The market for earthquake insurance in California is illustrative of this situation: state-
wide, the percentage of homeowners-insurance policyholders who also have earthquake insur-
ance (referred to as the earthquake-insurance take-up) reached a high of 36 percent the year
after the 1994 Northridge earthquake and has since fallen to about 12 percent (Marshall,
2009).

Low catastrophe-insurance take-up translates to large uncompensated losses in disasters,
which increases demand for alternative sources of compensation, principal among them being
postdisaster government assistance. Federal disaster assistance comes in many forms, including
debris removal; emergency food, clothing, shelter, and medical assistance; crisis counseling;
temporary housing; home and business loans; hazard-mitigation grants; unemployment assis-
tance; tax relief; legal counseling; and public assistance to state and local governments (Bea,
2010; FEMA, 2008). Federal disaster-assistance spending is substantial: A recent analysis by
Cummins, Suher, and Zanjani (2010) estimated that total federal disaster-assistance spending
between 1989 and 2008 exceeded 30 percent of the disaster losses and that this ratio has been
increasing over time.

The Stafford Act,! which sets policy for providing federal disaster assistance, specifies that
“no such person, business concern, or other entity will receive such assistance with respect to
any part of such loss as to which he has received financial assistance under any other program
or from insurance or any other source” (FEMA, 2007, p. 18). To the extent that disaster assis-
tance is available, it can therefore be considered a substitute for insurance. We would therefore
expect increasing catastrophe-insurance take-up to decrease disaster-assistance expenditures.
Indeed, one of the principal motivations for introducing the National Flood Insurance Pro-

I Pub. L. 93-288, Robert T. Stafford Disaster Relief and Emergency Assistance Act, as amended by Pub. L. 100-707,
November 23, 1988.
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gram in 1968 was to stanch escalating disaster-assistance costs (GAO, 2008; Dixon et al.,
20006).

Based on the principle that increasing catastrophe-insurance take-up will decrease post-
disaster costs, the Catastrophe Obligation Guarantee Act (S.886/H.R.4014) has been intro-
duced to Congress for consideration. A central objective of this legislation is to decrease the
cost of catastrophe insurance and increase take-up, thereby decreasing demand for postdisas-
ter assistance. If enacted, this legislation would obligate the federal government to guarantee
postevent loans from the private capital market to qualified state catastrophe-insurance pro-
grams to help pay insurance claims. Guarantees would be made available on the condition that
insured losses and loss expenses exceed a particular proportion of the state program’s available
cash resources, which would occur only in larger disasters. In addition, maximum aggregate
guarantees would be capped at $5 billion for earthquakes and $20 billion for other disasters.
Catastrophe obligation guarantees have also been introduced as Title II of the Homeowners’
Defense Act (H.R.2555). Federal loan guarantees would provide state insurance programs
with virtually guaranteed access to capital markets at times of market pressure or distress (for
example, following a disaster) and could provide interest rates more favorable than would be
possible without the guarantees. This would enhance programs” debt-based, alternative fund-
ing stream for paying claims.

The California Earthquake Authority (CEA), a state-managed organization that provides
about 70 percent of the residential earthquake-insurance policies sold in California, would
qualify for loan guarantees under the proposed legislation. For the CEA, the promise of loan
guarantees would substitute for a substantial fraction of the reinsurance it currently purchases,
allowing it to lower its reinsurance expense. Because the CEA is a tax-exempt, non—profit-
earning entity and because insurance pricing is highly regulated, we assume that the savings
from reducing reinsurance requirements would be passed on to policyholders in the form of
reduced premiums and deductibles and improved coverage choices. The CEA anticipates that
decreasing policyholder prices would stimulate increased policyholder take-up, which would
then decrease uninsured losses and, ultimately, decrease federal disaster-assistance expendi-
tures. The logical progression of this argument is summarized in Figure 1.

While the logic expressed in Figure 1 is well grounded in economic theory, the magni-
tude of the effect in each step is not known. The objective of this work is to estimate the change
in federal disaster-assistance expenditures for earthquakes in California that would result from
catastrophe obligation guarantees. We approach this by simulating the steps in the logical
chain shown in Figure 1. It is important to recognize that the empirical basis for quantifying
some of the effects illustrated in Figure 1 is quite limited. Consequently, considerable uncer-
tainty remains about the magnitude of estimated effects. Further, we have not considered a
range of additional costs or benefits that could affect the efhicacy of increased insurance cover-
age for homeowners. For example, uncompensated losses due to unanticipated natural disasters
could well have far-reaching and sustained economic impacts on families and the communities
in which they live. We have also not considered potentially important incentive effects, such as
changes in loss mitigation associated with insurance coverage. Thus, although our analysis pro-
vides useful evidence for a more-comprehensive policy analysis, additional information would
be necessary in advance of more-definitive conclusions.
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Figure 1
Anticipated Effect of Catastrophe Obligation
Guarantees on Disaster Assistance
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Analysis Approach

In this section, we step through each of the relationships illustrated in Figure 1. Each relation-
ship can, in principle, be modeled according to knowledge gained from past experience for
similar conditions. In practice, however, the historical information needed to evaluate these
relationships is generally poor. The reasons better data are not available are multifold and
include the rarity of earthquakes, the absence of good loss estimates for most earthquakes that
have occurred, the complex array of factors driving consumers’ demand for earthquake insur-
ance, and ambiguities in the extent to which disaster-assistance expenditures are sensitive to
insurance coverage. We address each of these issues in this section and attempt to highlight
significant uncertainties and areas in which having better data would improve the analysis.

Effect of Catastrophe Obligation Guarantees on Earthquake-Insurance Price

The relationship between catastrophe obligation guarantees and the price of residential earth-
quake insurance has been modeled by the CEA, and we adopt this estimate in our analysis.
Based on models of expected earthquake losses, the probability of needing to utilize catastro-
phe obligation guarantees, and the cost of reinsurance that could be discontinued, the CEA
concluded that policyholder prices for its customers are expected to decrease by approximately
30 percent with the catastrophe obligation guarantees in place (Pomeroy, 2010). This decrease
is not expected to depend on location or risk, so it is presumed to be uniform throughout the
state. Alternatively, the CEA could reduce deductibles, which would also serve to increase the
amount of property insured against earthquake risk. The amount by which deductibles could
be decreased under catastrophe obligation guarantees is not known, and there is scant infor-
mation available on which to base an estimate of how a change in deductibles might influence
take-up. Hence, we are not able to examine the trade-off between decreased premiums and
decreased deductibles that would be possible under catastrophe obligation guarantees. This
topic is worthy of future research.

Effect of Price on Amount of Earthquake-Insurance Coverage

The relationship between price and demand for earthquake insurance can be expressed as the
price elasticity of demand. The price elasticity of demand is defined as the fractional change in
demand divided by the fractional change in price. For most products and services, the amount
demanded increases when the price decreases. In other words, the price elasticity is negative.
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In the case of catastrophe insurance, demand is typically discussed in terms of policy-
holder take-up, which is the fraction of consumers already insured under a policy of residen-
tial property insurance who also purchase separate catastrophe insurance. For evaluating the
impact of uninsured losses on subsequent federal assistance, however, the fraction of residential
property value that is insured for earthquake loss, or the insured-to-value ratio (ITV), might
be more relevant than the take-up. We define the ITV as the total structural coverage (sum
of dwelling [coverage A] policy limits minus sum of policy deductibles) for earthquake insur-
ance divided by the total residential housing structural value.! This is a more-useful metric
for our purposes because we are ultimately interested in estimating changes in the amount of
uninsured loss, which depends on how much property loss is reimbursed by earthquake insur-
ance. Earthquake insurance typically has a much larger deductible (generally, 15 percent of the
limit of structure coverage) than homeowners insurance has. Also, while policy limits for CEA
earthquake insurance are legally required to match limits for general homeowners insurance,
these limits are not necessarily as high as the actual structure value. Consequently, the actual
fraction of property value that would be reimbursed through earthquake insurance might be
less than the take-up.

Another reason for using ITV rather than take-up is that ITV can increase both by unin-
sured consumers purchasing new insurance and by insured consumers decreasing their deduct-
ibles. ITV captures both of these effects, while take-up would capture only the first and miss
any increase in coverage under existing policies.

The current ITV of earthquake insurance in California was estimated from data on
earthquake-insurance coverage and residential structural property value in California. In
December 2009, the sum of coverage A provided by the CEA was $247 billion, and the sum of
deductibles on CEA policies was $35.9 billion. The difference between these values, $211 bil-
lion, is the total structural earthquake-insurance coverage provided by the CEA. Data from
the California Department of Insurance (2010) indicate that the CEA had 61 percent of the
total exposure on all earthquake coverage in 2009. No data on the relative proportions of
separate coverage types (i.e., structure, personal property, additional living expense) for non-
CEA earthquake insurance were available. If we assume that the 61-percent market share for
total CEA coverage applies to structural coverage as well, then we can infer that the overall
residential structural earthquake coverage is 1/0.61=1.6 times greater than the CEA cover-
age, or $347 billion. Risk Management Solutions (RMS) maintains a database of residential
structural value in California. In December 2009, this value was $3,183 billion. Dividing the
overall residential structural earthquake coverage by this structural value gives a current ITV
of 10.9 percent.

A decrease in the price of earthquake insurance under the catastrophe obligation guaran-
tee will translate to an increase in ITV by means of the relationship (see appendix)

A
[TV, =ITV | 1+ 0.615(71’)
o /JCEA

(1)

1" Note that this definition differs from the conventional definition of ITV in that it excludes the deductible amount.
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The subscripts COG and o indicate conditions with and without the catastrophe obliga-
tion guarantees, respectively. £ is the price elasticity of demand, and (Ap/ 2, ) 4 18 the frac-
tional price change of CEA insurance with catastrophe obligation guarantees. Because only
state catastrophe-insurance programs are eligible for catastrophe obligation guarantees, any
resulting price change would apply to CEA policies only. The factor of 0.61 appears because
the CEA writes 61 percent of the earthquake-insurance coverage in California.

Price Elasticity of Demand

The literature on price elasticity for catastrophe insurance is sparse. Only a few estimates of
price elasticity are available for flood insurance, and none has been reported for earthquake
insurance. Estimates for flood insurance range from —0.39 to —0.997 (GAO, 1983; Browne and
Hoyt, 2000; Kriesel and Landry, 2004; Hung, 2009).> Given the great differences between
risks and insurance options for floods and earthquakes, however, elasticity estimates for flood
insurance might have limited relevance to earthquake insurance. We therefore developed our
own estimate of the price elasticity for earthquake-insurance demand.

We examined the relationship between premium rates and the number of households
purchasing CEA coverage during the fourth quarter of 2005. Cross-section information was
gathered for 1,070 California ZIP Codes,? indicating the number of CEA policies sold, the
total number of homeowners with residential insurance policies, premium rates for a standard-
ized policy,* and several covariates likely to affect the level of demand, including local demo-
graphics, household income, and housing values. The data set is described in Table 1.

The identification of a pure demand relationship between price and quantity is challeng-
ing. This is because CEA premium-rate levels are determined in 19 rating territories based on
an assessment of the average liability risk in that geographic region. Since the value of an earth-
quake policy is greater in high-risk areas, households will be willing to pay more to purchase a
policy, all other things equal.

To frame the issue, assume the following:

Q, = number of people taking insurance in ZIP Code :
P, = price of insurance
R, = average true risk in a rating territory
R = perceived risk for a household

! . .
X = exogenous factors, such as income and demographics

r, = true risk factors, such as proximity to fault line or high-shake territory
Pj = price of insurance in a contiguous rating territory.

2 We are aware of the one exception in the literature (Grace, Klein, and Kleindorfer, 2004) that estimates a significantly
higher demand elasticity for residential insurance, but, since that study bundles the prices of standard residential coverage
and catastrophe insurance, the computed elasticities are not comparable.

3 The analysis file includes only those California ZIP Codes for which there were census data describing market character-
istics. Thus, small areas including few numbers of households were excluded. The remaining sample represents more than
94 percent of California’s residential homeowners.

4 The standardized policy was for a home value of $250,000, which is the typical structure coverage of a CEA policy. The
choice of a $250,000 benchmark is not relevant to the analysis, since premium rates per dollar of coverage are linear across
levels of housing value. Thus, the computed elasticity would be identical for any alternative benchmarks.
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Table 1
Data Used in Analysis of Earthquake-Insurance Take-Up

Variable Mean Standard Deviation
Total residential home policies 3,315 4,181
Earthquake policies 336 490
Average annual premium (for $250,000 in coverage) ($) 271 176
High-risk shake (0,1) 0.410 0.492
High-risk fault (0,1) 0.244 0.430
Average home value (%) 146,729 179,949
Income per household ($) 30,032 28,372
Median age of residents (years) 23.6 18.7
Business payroll 235,941 597,074
Percentage African American 0.146 0.732
Percentage Hispanic 0.519 0.713
Land area (square miles) 43.6 115.7
Multifamily dwellings 1,099 2,416
Elevation above sea level 442.0 799.8
Premium price (relative to bordering ZIP) 1.086 0.564

Demand for insurance will be based on price, the perceived risk of an earthquake, and a
set of exogenous factors. In other words,

Q =f(B.R.X,). Q)

At the same time, price is determined by the average risk in a rating territory. In other
words,

3)

If perceived risk in individual ZIP Codes deviates from the average risk in a territory in a
systematic and measurable manner, then it becomes possible to identify the separate impact of
price. For example, imagine that the perceived risk within a territory is given by

R = h(r). (4)

It should be possible to implement a strategy that takes advantage of variations in per-
ceived risk or price. In the analysis that follows, we control for perceived risk in two ways. First,
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we allow for the possibility that location in a high-risk shake zone or near a fault line increases
perception of risk. Next, we examine contiguous ZIPs located in different rating territories,
and we assume that contiguous geographic areas have similar perceived risks.>

To demonstrate the value of the first strategy, Table 2 provides the percentage of ZIP
Codes that are determined to be in a high-risk shake zone or close to a fault line within each of
the 19 rating territories. To the extent that these risk-indicator variables signal within-territory
risk differences, they should affect willingness to purchase insurance at the prevailing premium
price. For example, in rating territory 5, the standard premium for a $250,000 policy would
be $743. However, note that only 69 percent of the ZIP Codes are located in high-risk fault
areas. Thus, one would expect that the other 31 percent would value the coverage somewhat
less, thereby reducing demand for coverage at the prevailing price. Within-territory variation
in these risk measures, despite homogeneous pricing of policies, provides an opportunity to
identify the impact of a risk-neutral price difference.

Table 2

Variations in Risk Within Rating Territories

Rating Territory High-Risk Shake ZIP Code (%) ZIP Code on Fault Line (%) Standardized Premium ($)
2 100 92 490
4 100 100 743
5 100 69 743
6 90 39 463
7 99 40 318
8 100 64 648
11 92 71 468
12 98 46 458
13 100 67 295
15 85 73 245
18 97 57 90
19 100 40 225
20 97 74 335
22 97 49 578
23 100 61 443
24 99 46 328
25 100 96 435
26 94 57 353
27 35 30 105

5 Itis important to note that, if our controls for variations in perceived risk are not adequate, then the relationship between
insurance premiums and take-up will combine both a pure price effect and a response to perceived risk. If this is the case,
then the estimated elasticity must be viewed as a conservative or lower-bound estimate of the true elasticity.
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Of course, the CEA’s share of the California earthquake-insurance market is about
61 percent. Due to the absence of relevant data, the regressions do not control for the pricing
behavior of private competitors and, therefore, the impact of CEA pricing on the volume of
business earned by other insurance companies. This will not bias the elasticity estimate, but
the relationship between take-up and premium levels does not account for the level of total
earthquake coverage across the state. Rather, the expansion effect measures the CEA portion
of the market only.¢

To implement this strategy for identifying the impact of price on earthquake coverage, a
statistical model was estimated, linking the number of CEA policies with a set of independent
variables, including the number of residential home policies, premium, risk indicators, and
several covariates. The results of this model estimation are reported in Table 3.7

When one controls for other factors, including indicators likely to be correlated with the
within-zone variation in perceived risk, premium price appears to have a significant and nega-
tive effect on demand. Since the model is specified as a log-linear relationship, the estimated
coefhicient of —0.4814 represents the price elasticity of demand. In other words, a 10-percent
decline in price would result in about a 4.8-percent increase in the number of households pur-
chasing earthquake insurance.® This relationship is based on holding other factors constant,
including the level of perceived risk, household income, housing values, and demographics,
such as age, race, and other ZIP Code characteristics.

It is worth noting that the estimated impacts of other covariates are generally consistent
with economic theory and intuition. For example, the number of earthquake policies expands
roughly in proportion with the total number of residential home policies. When prices are
held constant, the number of CEA policies increases significantly when the ZIP Code is a
designated high-risk shake area. This reflects the fact that the territory’s premium reflects the
average risk across all individual ZIP Codes. The impact of being in a high-risk fault area is
positive but much less important.

As one would expect, demand for insurance increases with household income and hous-
ing values.” Hispanic populations appear to be less likely to purchase insurance, while the
opposite is true of African American populations. Older populations are more likely to pur-
chase insurance. Other control variables that appear to be significant include the elevation,
land area, business activity, and the presence of multifamily dwellings.

¢ There is no reliable evidence about whether or not households or their insurance brokers actively shop for lower coverage
premiums across competitors. In the absence of evidence about cross-price elasticities, we can do no more than acknowl-
edge that some portion of the expanded take-up rate induced by lower CEA premiums could include customers who merely
switched carriers. This would tend to diminish the overall expansion of coverage.

7 We also explored weighted least squares regressions that account for the possibility of residual correlations within territo-
ries. In fact, about 30 percent of the variation in residuals could be explained by a set of 19 dichotomous variables represent-
ing the different pricing territories. However, in regressions that netted out, these differences were not materially different
from our basic ordinary least squares model.

8 With an estimated coefficient that is about 12 times the magnitude of the standard error, one can state with 99.9 percent
confidence that the impact of a price reduction on take-up is greater than 0. Most of the other variables have coefficient/
standard error ratios of greater than 2.0, indicating confidence of at least 95 percent. The only exceptions are the high-risk
fault areas and the local business payroll variables, which are slightly less significant at the 90-percent level of confidence.

" Although the probability of insurance take-up increases with housing value, the total insured value in a community does
not increase proportionately. This is because of the increased importance of land value in wealthier communities, as well as
limits on policy coverage. As a result, regressions based on total insured value rather than take-up rates had virtually identi-
cal results.
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ﬁ‘\:leD:mand for Earthquake Insurance: Controlling for Variations in Risk
Variable Coefficient Standard Error
Intercept -14.1204 0.9883
Log(residential home policies) 1.0632 0.0298
Log(premium price) -0.4814 0.0423
High-risk shake ZIP 1.3162 0.0677
High-risk fault ZIP 0.0744 0.0437
Log(household income) 0.1605 0.0929
Log(average housing value) 0.6211 0.0706
Log(percentage African American) 0.0371 0.0172
Log(land area) -0.0482 0.0174
Log(multiple-family dwellings) 0.0883 0.0195
Log(elevation) 0.1390 0.0158
Log(percentage Hispanic) -0.1564 0.0331
Log(median age) 0.6099 0.1845
Log(business payroll) -0.0350 0.0186
R-squared 0.8167

NOTE: Dependent variable = log(CEA earthquake policies). N = 1,070.

We also explored whether total insured value increased at the same rate as the take-up
rate. We ran regressions with total insured value, and the elasticity was virtually identical, at
—0.501. In addition, models that examined supplemental coverage were examined. The results
indicated that average coverage for personal property losses and transitional expenses were not
affected by variations in price. This indicates that the estimated impact on take-up rates is an
accurate gauge of the overall effect on the percentage of property value covered by insurance.

The estimated price elasticity is accurate if and only if the included covariates reflect
interterritory variations in perceived earthquake risk. As we have seen, the indicator variable
representing shake risk is quite significant in explaining ZIP Code variations in demand for
earthquake insurance. However, as a reliability test, we identified all those ZIP Codes that bor-
dered ZIPs located in different pricing territories. Although such contiguous ZIPs are subject
to different pricing schemes based on the average risk in their territories, they are likely to be
subject to similar earthquake risks due to their geographic proximity. For contiguous areas, we
therefore assumed that their risk was similar and that the premium differences represent pure
price differences, holding risk constant.!

In this analysis, we regressed the difference in take-up rates (CEA policies/residential
insurance policies) in contiguous areas on differences in the logarithm of price and differences
in the set of covariates described in Table 1. For some of the variables (such as the shake-risk

10 There were a total of 325 ZIP Codes that bordered on other pricing territories. In many cases, a ZIP bordered on multiple
ZIP Codes located in contiguous pricing territories. In these cases, the bordering ZIPs were combined.
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ﬁ‘\:IeD:mand for Earthquake Insurance: Comparing Outcomes from Territory Borders
Variable Coefficient Standard Error
Log difference (premium price) -0.3952 0.1445
Log difference (household income) 0.1743 0.2095
Log difference (housing value) 0.2746 0.2121

Log difference (% African American) 0.1945 0.0392
Log difference (land area) -0.0119 0.0224
Log difference (multiple-family dwellings) -0.0170 0.0106
Log difference (elevation) -0.0404 0.0529
Log difference (% Hispanic) -0.5516 0.0597
Log difference (median age) -0.1894 0.2971
Log difference (business payroll) -0.0213 0.0233
R-squared 0.4060

NOTE: Dependent variable: log(difference in take-up rate). N = 325.

indicator), the variation in values for contiguous ZIP Codes was insufficient for estimating
their impact. However, the variation for premium rates based on territory was significant and,
as we can see in Table 4, was sufficient to estimate an impact on take-up rates.

In particular, the estimated price elasticity was —0.3952, a result that is not significantly
different from the previous elasticity estimate. This result strengthens the confidence that we
have isolated the independent effect of price on demand for earthquake insurance and con-
trolled for the role of liability risk in the determination of premiums. Although still somewhat
inelastic, it is clear that a decline in premium pricing will result in a significant increase in
insurance coverage.

The average of our two elasticity estimates is —0.44. For the anticipated —30-percent
price change under catastrophe obligation guarantees, our analysis indicates that the take-up
of CEA earthquake insurance would increase by 13.2 percent. Because our separate estimates
that examined take-up and the total amount of earthquake coverage gave virtually identical
elasticities, our elasticity estimate applies to both take-up and ITV. Proprietary survey findings
obtained by the CEA are highly consistent with our results.

Effect of Policyholder Take-Up on Uninsured Loss

The next step in our analysis is to determine how a change in ITV would influence the unin-
sured loss in an earthquake. Increasing ITV will shift some of the loss from being uninsured
to being insured, which will decrease the uninsured loss. Because the CEA provides residential
property insurance, our analysis is restricted to the change in uninsured residential loss. Catas-
trophe obligation guarantees extended to the CEA will not influence commercial, medical-, or
life-insurance losses in California.
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The relationship between ITV and the fraction of earthquake loss that is reimbursed by
insurance is complicated by the existence of policy deductibles. This complexity can be illus-
trated by considering two hypothetical, end-member outcomes for the same ITV and total
earthquake loss. In the first outcome, the total loss is distributed among many properties such
that the loss to each individual property is less than the policy deductible. In this case, none
of the loss is reimbursed by insurance. In the second outcome, the total loss is concentrated
into a small number of properties such that each property suffers a total loss. In this case, all of
the loss above the deductibles is reimbursed, and the fraction of loss reimbursed by insurance
equals the ITV. The fraction of loss reimbursed by insurance therefore depends on the ratio
of loss to value among residential properties damaged in an earthquake. This ratio will vary
among damaged properties, and the distribution of this ratio among properties depends on the
details of the earthquake scenario and is difficult to generalize.

We estimated the fraction of loss reimbursed by insurance for a range of conditions using
earthquake loss-modeling simulations conducted by RMS. The fraction of residential loss
reimbursed by insurance is given by L, /L,, where L, is the residential loss reimbursed by
insurance and L, is the total residential loss (insured plus uninsured). The simulations give an
estimate of I /L,, as a function of the fraction of residential property value insured, or the

ITV. That is, they provide the value of R, in the relationship

Ly/Ly=RITV. 5)
Simulations were run for the probability-weighted sum of all earthquake events expected
in California, as well as for subsets of earthquakes representing increasingly large (and less
probable) events. These subsets are characterized by the annual probability of occurrence and
the associated expected recurrence interval. Results of the simulations are shown in Table 5.
The simulation results show that R, ranges from a minimum of about 0.3 for the smallest
earthquakes to a maximum of about 0.7 for very rare large earthquakes. For the current ITV
of 10.9 percent, a value of R, = 0.34 means that only 3.7 percent of the residential losses in an

Table 5
Relationship Between Fraction of Earthquake Loss Reimbursed by
Insurance and Insured-to-Value for Different Conditions

(£/z.)

Economic Recurrence % =~
Annual Probability of Occurrence Interval v
<100% (all events) >1 year 0.34
<50% >2 years 0.44
<5% >20 years 0.57
<1% >100 years 0.63
<0.5% >200 years 0.66
<0.2% >500 years 0.68
<0.1% >1,000 years 0.73

SOURCE: RMS simulations conducted for this analysis.
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earthquake would actually be reimbursed by insurance. The difference reflects losses to insured
properties that would fall below deductibles and not be reimbursed. As the average size of the
earthquakes being considered increases, the proportion of properties suffering more-extensive
damage increases, resulting in an increase in the fraction of loss reimbursed by insurance. This
increase is not linear, however, and R, plateaus at about 0.7. Considering only larger, less fre-
quent earthquakes, the fraction of loss reimbursed by insurance could be as high as 8 percent.

Equation 5 can be rewritten in terms of uninsured residential loss, Ly, to give (see

appendix)

L =L, (1-RITV). ©)

Finally, we can recast this in terms of total earthquake loss by defining R as the ratio of
the total residential loss to total loss, L,/L; :

Ly=RL(1-RITV). %

The value of R must be estimated or determined empirically from representative earth-
quake scenarios. We use two loss-distribution estimates as the basis for our modeling. The first
is from the 1994 Northridge earthquake, and the second is for a simulation of a magnitude-7.2
earthquake on the San Francisco peninsula segment of the San Andreas Fault. Loss distribu-
tions for these two scenarios are shown in Table 6.

Aside from the differing total loss amounts, the major difference between the two scenar-
ios is the fraction of residential loss that is insured. Most of this difference reflects the decrease
in residential earthquake-insurance take-up and standard policy coverage between 1994 and
2009. The distributions are otherwise quite similar. In particular, the ratio of residential loss to
total loss, R, is very close in both cases (last column). Although this ratio could vary in small
earthquakes due to idiosyncrasies in the local built environment, it will converge toward the

Tabl
ngseD?stributions for Two Representative Earthquake Scenarios
In Billions of Dollars As Percentage of Total
Scenario Insured Uninsured Total Insured Uninsured Total
1994 Northridge quake
Residential 9.88 10.7 20.6 23.6 25.6 49.3
Nonresidential 4.02 17.2 21.2 9.62 1.1 50.7
Total 13.9 27.9 41.8 33.3 66.7 100
2009 San Andreas simulation
Residential 4.1 51 55.1 3.45 429 46.3
Nonresidential 14.7 491 63.8 12.4 41.3 53.7
Total 18.8 100 119 15.8 84.2 100

SOURCES: Northridge earthquake, Petak and Elahi (2000). San Andreas simulation, Grossi and Zoback (2009).
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values in Table 6 for large earthquakes in western California that span substantial geographic
areas. We use the average value (R = 0.48) in our analysis.

Effect of Uninsured Loss on Disaster Assistance

The final step in our analysis is estimating how a change in uninsured loss translates into a
change in federal disaster-assistance expenditures. To a first-order approximation, federal disas-
ter assistance is intended to compensate individuals and communities for disaster losses that
are not compensated for by some other mechanism. Since insurance is the principal compensa-
tion mechanism for disaster losses, we expect the amount of disaster assistance to increase with
the fraction of loss that is uninsured.

To quantify this effect, we would ideally examine disaster assistance for several earth-
quakes of similar total loss but with widely varying uninsured loss. However, such an approach
is complicated by several factors. First, earthquakes are rare events—there have been only
seven presidentially declared earthquake disasters in California since 1989. Second, estimates
of total loss (and, by difference, uninsured loss) are quite difficult to compile and are rarely
reported. While insured disaster losses are recorded in insurance claims, and aggregated results
are reported by state insurance departments, the concept of total loss from a disaster is less
clearly defined, and no entity keeps track of total losses resulting from catastrophes in the
United States (Lott and Ross, 2006). Of the seven earthquake disasters since 1989, an estimate
of the uninsured residential loss is available only for the 1994 Northridge earthquake. Third,
there is tremendous variation in the extent to which disaster-assistance expenditures are sensi-
tive to uninsured loss in general, and to uninsured residential loss in particular.! This means
that the change in total disaster assistance resulting from a change in uninsured residential loss
will be small and obscured by the noise in overall disaster-assistance data.

In light of these limitations, we focused on two principal sources of disaster assistance
available for uninsured property losses: federal income tax deductions for disaster losses and
Small Business Administration (SBA) disaster home loans.

Federal Income Tax Deduction for Disaster Losses

The federal tax code allows taxpayers to claim unreimbursed casualty, disaster, and theft losses
as a deduction on their federal personal income tax (IRS, 2009). Although not a direct expen-
diture by the federal government, a tax deduction is nonetheless an important form of federal
disaster assistance. For example, special legislation passed in the wake of specific disasters often
includes personal income tax relief (e.g., the Katrina Emergency Tax Relief Act'? and Gulf
Opportunity Zone Act of 2005'3 [IRS, 2007] and the Victims of Terrorism Tax Relief Act of
2001 [Wolfe, 2003]).

1 Examples of disaster assistance that does not substitute for uninsured residential property loss include public assistance,
business grants and loans, and hazard-mitigation grants.

12 pyb. L. 109-73.
13 Pyb. L. 109-135.
14 pyb. L. 107-134.
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This deduction can be claimed as an adjustment to the standard deduction or as an item-
ized deduction, so it is available to all taxpayers. If we assume that all homeowners file tax
returns, then this deduction can be applied to all uninsured residential loss. Tax deductions
work by reducing the amount of income on which tax must be paid; the value of a tax deduc-
tion is therefore the amount of the deduction multiplied by the marginal tax rate. The average
marginal federal individual income tax rate in the United States from 2003 to 2006 (the most
recent year for which data are available) was 21.4 percent (Barro and Redlick, 2009). We can
therefore compute the federal assistance from the disaster loss tax deduction, £, from

tax

_ U

The average marginal income tax rate in 1994 was 23 percent. Thus, for the $10.7 billion
in uninsured residential loss from the Northridge earthquake (Table 6), the federal assistance
available from the disaster loss tax deduction was $2.5 billion.

Small Business Administration Loans

Low-interest SBA disaster home loans are the primary source of direct government assistance
for residential property owners and are designed specifically for those without insurance and
those not fully covered by insurance (FEMA, 2008, 2009). Even after accounting for the fact
that most loans are repaid, the final federal expenditure after loan defaults is a major source of
federal disaster-assistance spending for residential losses.

Unlike a tax deduction, the amount of federal spending through SBA loans cannot be
computed and must be determined empirically. We obtained data from SBA on individual disas-
ter home loan amounts and annual subsidy rates for each of the seven presidentially declared
earthquake disasters in California since 1989 (99,700 loans). Linking SBA loan amounts to
uninsured residential loss requires estimates for total and uninsured earthquake losses, which,
as noted above, are available only for the Northridge earthquake. Approximately 83 percent
of the loans and 83 percent of the total amount loaned in our data set was for the Northridge
earthquake. Hence, although our analysis is restricted to a single event, that event comprises
the vast majority of all earthquake loans in the past 20 years.

To accurately model the federal expenditures through the SBA disaster home loan pro-
gram that would be expected to vary with residential earthquake insurance, the SBA loan
data must be adjusted in two ways. First, because we are interested in the amount of fed-
eral assistance that would be replaced by earthquake insurance, we consider only that por-
tion of each loan that exceeds the average earthquake-insurance policy deductible at the time
of the Northridge earthquake. This is because any loan or portion of a loan less than the
deductible amount would have been made whether or not the applicant had insurance and,
hence, would still be made even if everyone had insurance. Eguchi et al. (1998) estimate that
the average earthquake-policy deductible in the Northridge earthquake was $15,000. Of the
$1.77 billion in SBA disaster home loans, $837 million (47 percent) was for amounts above the
$15,000 deductible.

Second, because we are interested federal expenditures (rather than the amount lent), we
need to know the government cost of providing SBA loans. The SBA reports this in the form
of an annual disaster loan subsidy rate, which is the difference between the net present value of
expected cash flows and the face value of a loan. This takes into consideration such factors as
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the expected repayments on the loans, the differential between the interest rate for SBA-held
loans and the rate at which funds are borrowed by the Treasury, and the change in the value of
money over the lifetime of the loan. The federal expenditure for SBA loans is the loan amount
multiplied by the subsidy rate. SBA made loans for the Northridge earthquake in 1994, 1995,
and 1996, so we used the average subsidy rate for these three years (27 percent).

The final federal expenditure for SBA loans that substituted for insurance in the North-
ridge earthquake was therefore 27 percent of $837 million, or $226 million. By normaliz-
ing this quantity to the uninsured residential loss in the Northridge earthquake ($10.7 bil-
lion, Table 6), we derive a constant of proportionality that can be used to estimate the SBA
disaster home loan expenditures that would be replaced by insurance in any earthquake:
R =226/1,070 =0.021. The federal expenditure for SBA loans that substitute for insurance,
Fy;,, can then be expressed as

Foy = R;L% . )

F, , is not the total SBA expenditures but rather only that portion of those expenditures
that substitute for insurance. It is important to emphasize that Equation 9 is calibrated only to
the Northridge earthquake. The eligibility criteria for SBA disaster home loans clearly indicate
that loans are available only for uninsured losses, and we are therefore reasonably confident that
SBA expenditures are proportional to uninsured residential loss. It is possible, however, that
the constant of proportionality, R, has changed since 1994. For example, residential property
values and home repair costs have increased since 1994, but the maximum limit on SBA disas-
ter home loans has not. If SBA loan amounts have not kept pace with uninsured earthquake
losses, this might suggest that R is lower today than it was in 1994. However, 98 percent of
the SBA earthquake loans since 1989, comprising 80 percent of the total amount loaned, were
for less than $100,000, which is less than half the maximum SBA loan amount of $240,000
(FEMA, 2009). This finding continues to hold when considering only loans since 2005. This
indicates that SBA expenditures are not constrained by the maximum loan limit and, hence,
that R will not have changed for this reason.

Another major change since 1994 is that residential earthquake-insurance policy deduct-
ibles in California have increased by a factor of three, to an average of about $45,000. This
increase results from both increased property values and an increase in the typical deductible
percentage from 10 percent to 15 percent. Uninsured loss includes both losses to uninsured
property and deductibles on insured property so that, with everything else held constant,
higher deductibles would increase the uninsured residential loss in an earthquake. However,
greater uninsured loss would increase demand for disaster assistance, so greater deductibles
would presumably be associated with concomitantly greater SBA loan expenditures. Variation
in deductibles is therefore unlikely to have any effect on R.

Other reasons that R might change from earthquake to earthquake, such as variations
in the availability of alternative forms of disaster assistance or people’s willingness to apply for
assistance, cannot be ruled out but cannot be examined without data on additional earthquakes.
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Total Federal Assistance for Uninsured Residential Loss
Summing Equations 8 and 9 gives a total federal expenditure of
E,.,=(0214+R)L,. (10)
Our analysis has focused on income tax deductions and SBA loans, but additional sources
of disaster assistance to residential property owners is available, most notably through the Fed-
eral Emergency Management Agency (FEMA) Individuals and Households Program. To the
extent that this assistance also substitutes for insurance, our estimate of the effect of increased
insurance coverage on disaster assistance is a conservative, lower-bound value. Although we
were not able to obtain data on FEMA disaster-assistance expenditures, two observations sug-
gest that the inclusion of FEMA assistance would have a small effect on our results. First, total
FEMA assistance is limited to $28,800 (FEMA, 2009, Annex 7), which is less than the stan-
dard 15-percent deductible for an earthquake-insurance policy of $192,000 or more. Given
home values in earthquake-prone regions in California, this limit suggests that most FEMA
assistance would be below deductibles and therefore would not be reduced by an increase in
insurance coverage. Second, all applicants for long-term disaster housing assistance are first
referred to SBA for assistance; only those applicants with an unacceptable credit history or
insufficient income receive disaster housing assistance from FEMA. Property owners receiving
FEMA assistance might therefore be less likely than those receiving SBA assistance to be in a
position to purchase insurance if prices decrease. This again suggests that the bulk of FEMA
disaster assistance might not be affected by an increase in insurance coverage.

Net Effect of Catastrophe Obligation Guarantees on Disaster Assistance

Combining Equations 7 and 10 gives the relationship between the ITV for earthquake insur-
ance and federal disaster assistance:
E,.=(0214+R)RL, (1-RITV). (1)
For a given ITV, Equation 11 gives the amount of federal disaster assistance that would
be replaced by insurance as a function of total earthquake loss. The difference in disaster assis-
tance with and without catastrophe obligation guarantees can be determined by evaluating
Equation 11 at the current ITV and at the expected ITV with catastrophe obligation guaran-
tees (given by Equation 1).
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Federal Savings from Catastrophe Obligation Guarantees in California

Our analysis allows us to estimate the effect of earthquake-insurance pricing on uninsured
residential loss and federal disaster-assistance expenditures. The results are expressed in terms
of six key parameters: the fractional price change in CEA policies, the current ITV for residen-
tial earthquake insurance, the price elasticity of demand for residential earthquake insurance,
and three ratios—the ratio of the fraction of loss reimbursed by insurance to the ITV (R), the
ratio of residential loss to total loss in an earthquake (R), and the ratio of SBA disaster home
loan expenditures that substitute for insurance to the uninsured residential loss (R). Values for
these parameters are summarized in Table 7.

While there is uncertainty associated with all of the parameters in Table 7, we focus our
examination of uncertainty on R, because it is very sensitive to the earthquake scenario and
hence has the greatest natural variation. While R might also vary from earthquake to earth-

Table 7
Key Parameters Linking California Earthquake Authority Residential Earthquake-Insurance Price to
Disaster Assistance

Parameter Estimate Source
Ap/pg , fractional price change of CEA -0.3 CEA
insurance
ITV,, current ITV for residential earthquake 0109 Our analysis of CEA and RMS
insurance in California : data
E, price elasticity of demand -0.44 Our analysis of CEA data
(LI /L ) All earth :
quakes: 0.34 . .
R =& % : RMS simulation results
Large earthquakes: 0.73
v g q
LR
R =— 0.48 Table 6
LT
. SBA cost above deductibles 0021 Our analysis of SBA data and
s I : Table 6

R Northridge

19
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quake, it ultimately has a small influence on the results because federal expenditures are domi-
nated by the disaster loss tax deduction.

Results are presented in Table 8 in terms of the change that would occur with catastrophe
obligation guarantees for every $10 billion in total earthquake loss. Results are shown for two
sets of conditions that span the range in the net impact of catastrophe obligation guarantees on
federal disaster assistance. The first case represents conditions that hold when considering all
earthquakes. As such, it approximates the time-integrated average, or steady-state conditions.
The majority of earthquakes are small, resulting in a substantial fraction of residential loss
falling below policy deductibles and going uninsured. This, in turn, leads to a small decrease
in uninsured residential loss for a given increase in ITV. This ultimately translates to about a
$3 million decrease in federal disaster assistance. The second case represents conditions that
hold only for very large earthquakes, in which a greater fraction of residential loss exceeds
policy deductibles and hence a smaller fraction of residential loss goes uninsured. This leads to
a greater decrease in uninsured residential loss with increasing ITV. The $7 million decrease in
federal disaster assistance thus represents an upper bound on the impact of catastrophe obliga-
tion guarantees on disaster assistance.

Our results show that the ultimate federal savings from catastrophe obligation guarantees
is expected to be modest ($3 million to $7 million for every $10 billion in total earthquake
loss). For the simulated San Andreas Fault earthquake with a total loss of $119 billion shown
in Table 6, the estimated federal savings using the R, for large earthquakes would be $88 mil-
lion. The reason that the federal savings is not more substantial is that earthquake-insurance
pricing ultimately has only a modest influence on the amount of uninsured residential loss in
an earthquake. This occurs because only a small portion of residential earthquake losses are
insured to begin with, the increase in demand for earthquake insurance in response to a price
decrease is modest and applies only to the CEA share of the market, and a given increase in
take-up or ITV leads to a lesser decrease in uninsured losses, because individual losses often
occur in ranges that fall below deductibles.

Our results indicate that catastrophe obligation guarantees would ultimately translate to
a relatively small reduction in federal disaster-assistance expenditures for earthquake losses in
California. At the same time, the cost to the federal government of providing catastrophe obli-
gation guarantees is anticipated to be quite low as well. The primary cost would be repaying
loans taken out by state catastrophe-insurance programs in the very low likelihood that they
default. The Congressional Budget Office (2010) predicts that catastrophe obligation guaran-
tees would cost the federal government $23.5 million per year over the next five years. Further,
two factors indicate that nearly all of this cost (probably more than 90 percent) is expected to
be in support of state programs other than the CEA. One is that the catastrophe-insurance

Zi\zl:gses with Catastrophe Obligation Guarantees per $10 Billion in Total Earthquake Losses
Change in Uninsured Change in Federal Disaster
Change in Residential ITV Residential Loss Assistance?
Conditions Change % $ millions % $ millions %
All earthquakes 0.009 8.3 -14.7 -0.32 -3.45 -0.32
Large earthquakes 0.009 8.3 -31.5 -0.71 -7.41 -0.71

and F_).

@ Change is only for disaster assistance considered in this study (F,, o
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market is dominated by flood, wind, and other weather-related disasters, so earthquakes would
be only a small fraction of the losses and associated loans. The other is that the CEA maintains
a higher claim-paying capability than some of the other state programs and would require
loans only in extraordinarily large disasters. With catastrophe obligation guarantees in place,
the CEA is expected to be able to suffer losses up to about $7 billion before needing loans,
which is more than sufficient to cover claims in an earthquake with a total loss of well over
$100 billion (Table 6).

If we assume that the annual cost to the federal government of catastrophe obligation
guarantees in California is $2.3 million, our analysis suggests that the annual savings in terms
of reduced disaster assistance would exceed the cost if the annual expected total loss from
earthquakes was $7 billion or greater. This is equivalent to an earthquake like the simulated
San Andreas Fault earthquake in Table 6 occurring every 17 years.

It may seem surprising that catastrophe obligation guarantees would allow the CEA to
reduce costs by about $180 million per year! but are anticipated to cost the federal government
only a few million dollars per year. Much of this apparent discrepancy can be understood by
noting that the effect of catastrophe obligation guarantees is to allow the CEA to trade reinsur-
ance for loans. Loan guarantees cost much less than reinsurance for access to a given amount
of claim-paying capability, but they also must be repaid. Hence, the missing element is the
cost to future CEA policyholders, who will have to pay increased premiums to pay off the
loans after an earthquake in which the CEA had to take out loans to pay claims. Accounting
for that cost would largely reconcile the apparent discrepancy. Repayment can be spread over
30 years, however, so the ultimate cost under catastrophe obligation guarantees, including that
to future policyholders, is still much less than the reinsurance cost without catastrophe obliga-
tion guarantees.

While the benefit and cost to the federal government of catastrophe obligation guarantees
in California are modest, the situation for other state catastrophe-insurance programs may be
different. Because annual losses from weather-related disasters are much greater than earth-
quake losses, the benefits might be much greater in other states with catastrophe-insurance
programs that would qualify for catastrophe obligation guarantees, such as Florida, Louisiana,
or Texas. Analogous benefit analyses for all eligible state catastrophe-insurance programs are
therefore needed before the overall net benefit to the federal government of catastrophe obliga-
tion guarantees can be estimated.

Broader Considerations for Increasing Catastrophe-Insurance Coverage

Our analysis has focused on the potential benefit of catastrophe obligation guarantees in terms
of reducing direct federal disaster assistance for earthquakes in California. Our results show
that the effect is small and thus that changes in insurance coverage would have to be dra-
matic to have an appreciable impact on uninsured loss and disaster assistance. We conclude by
noting that there are other ways to increase catastrophe-insurance coverage and that increas-
ing catastrophe-insurance coverage provides benefits beyond reducing disaster-assistance
expenditures.

I The CEA collects abour $600 million per year in premiums, so a 30-percent price decrease is $180 million per year.



22 Earthquake Insurance and Disaster Assistance

Our analysis focused on the effect of price on earthquake-insurance coverage because
price is known to be a key factor in decisions about purchasing earthquake insurance. In addi-
tion to reducing prices, coverage might also be increased through increased public education
and marketing focusing on the consequences of being uninsured in an earthquake. Another
avenue for potentially increasing coverage is to consider new earthquake-insurance products
that provide more-attractive options for consumers. The current policy structure with high
deductibles undermines the benefit of increased take-up on reducing uninsured loss and disas-
ter assistance. When deductibles are high, increases in take-up may only modestly diminish
uninsured losses, because individual losses often occur in ranges that fall below deductibles.
Further, disaster assistance provided for uninsured losses that fall below deductibles would not
be reduced by increased take-up.

This suggests that policy options with lower deductibles might warrant further exami-
nation. Because losses below deductibles are more likely than losses above them, reducing
deductibles is more expensive per dollar of coverage than adding new policies with the cur-
rent high-deductible structure. The increased cost of lower deductibles could be mitigated by
reducing policy limits. Determining the optimal combination of deductible and policy limit
is a complex undertaking that would require models of the expected distribution over time of
losses to a property, as well as an understanding of the long-term, indirect trade-offs between
regimes featuring relatively frequent, small losses (as would occur when deductibles and policy
limits are both high) versus relatively infrequent, large losses (as would occur when deductibles
and policy limits are both low).

Increasing the fraction of earthquake losses that are compensated by insurance may have
benefits beyond reducing federal disaster-assistance expenditures. Uncompensated disaster
losses might have far-reaching and sustained economic impacts on families and communities.
Examples of such indirect losses include depletion of individual savings, losses to lenders from
widespread defaulting of home mortgages,? local decreases in property values and property tax
revenue, increased unemployment, decreased income tax revenue, and lower business invest-
ment and entrepreneurship. Few of these impacts would be compensated by disaster-assistance
programs, so they would be reduced only by increased insurance coverage. In addition, insur-
ance provides the ability to create incentives to reduce disaster risks. Insurers often provide pre-
mium discounts for mitigative actions, such as bolting houses to foundations and reinforcing
cripple walls. The reduction in losses from such actions represents a benefit that would not be
realized through disaster assistance.

2 Mortgage defaults stemming from earthquake losses might represent a substantial risk to the federal government.
Through the Federal Housing Administration, Federal National Mortgage Association (Fannie Mae), Federal Home Loan
Mortgage Corporation (Freddie Mac), and Government National Mortgage Association (Ginnie Mae), the federal govern-
ment guarantees or owns more than 90 percent of all new home mortgage originations from 2008-2010 (Federal Housing
Finance Agency, 2010). This high degree of involvement in the housing market means that, if damage from an earthquake
were to cause a large number homeowners to default on their mortgages, the federal government could end up with a sub-
stantial liability.



Appendix

This appendix presents the calculations used to derive Equations 1 and 6 in the main text.

Equation 1

The price elasticity of demand, E, is defined as the fractional change in demand divided by the
fractional change in price:

(demzmd fna — demand,

initial

) / demand,
(price g = price,y) [ price, s A1

nitial

We express demand for earthquake insurance in terms of the TV, which is defined as
the total residential structural coverage (sum of coverage A policy limits minus sum of policy
deductibles) for earthquake insurance divided by the total residential housing structural value.
When comparing the ITV for earthquake insurance with catastrophe obligation guarantees
(COG) to current conditions (o), we get

([TVCOG _[TV(;)/[TV,;

Ap/p, (A.2)

where p is price and Ap = ( Peoc — po). Distinguishing the pricing of CEA insurance from
that of private-market (non-CEA) insurance and noting that the CEA writes 61 percent of the
residential earthquake-insurance coverage in California, we can write,

E= ([TVCOG_[TV(;)/[TVo
0.61(Ap/p0 )CEA + 0-39(AP/P0)

b

priv (A. 3)

where the subscript priv refers to private-market policies.

Since private-market insurers are not eligible for catastrophe obligation guarantees, only
the CEA prices will directly change in response. While it is possible that lower CEA pricing
would cause a price reaction on the part of private-market participants, we have no clear pic-
ture of how the pricing of CEA and private-market insurers are related. We therefore assume
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that the price of private-market insurance will not change, in which case Equation A.3 reduces
to

([TVCOG _ITV())/]TV(;
O.61(Ap/pg)CEA ' (A4)

Rearranging Equation A.4 gives Equation 1 in the main text:

[TVCOG:[TVU[1+O.61E£%j J
o JCEA (1)

Regardless of whether or not private-market prices change, it is likely that some of the
CEA demand changes would come at the expense of the CEAs private-market competition. In
that case, the net increase in earthquake coverage in California would be less than the increase
in CEA business. This is a potentially important effect, but we have no way to estimate its
magnitude.

Equation 6

Equation 5 can be rewritten as

I _
L= LRITV. As)

The uninsured residential loss is the difference between the total residential loss and residential
loss reimbursed by insurance:

U _ I
L,=L,—L,. (A.6)
Substituting Equation A.5 into Equation A.6 gives Equation 6 in the main text:

Ly =L, (1-RITV). ©)
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