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Abstract 
 

This paper proposes long-term insurance (LTI) as an alternative to the standard annual 

homeowners policy.  We underscore the need for such a contractual arrangement by focusing on 

the challenges currently facing homeowners living in high-risk areas and insurers, given the 

significant increase and variability in losses from natural disasters in recent years.  Long-term 

contracts have the potential to significantly increase social welfare by reducing insurers’ 

administrative costs, lowering search costs for consumers and providing incentives for long-term 

investment in mitigation measures to protect property. We also discuss factors which have 

contributed to the non-marketability of LTI to date.  Lessons from the mortgage market, where, 

prior to the Great Depression, contracts were commonly one to three years, provide a benchmark 

for the development of LTI. A two-period model illustrates situations that would make a long-

term contract attractive to both insurers and consumers under competitive market conditions. The 

concluding section raises a set of questions as to the feasibility of LTI from the perspective of 

insurers, consumers, rating agencies and public sector organizations. 

 
 

Key Words: Long-term insurance, mortgages, catastrophic risks 
 
JEL Classification:   G1 (general financial markets), G2 (financial institutions and services), 
G22 (insurance) 
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1. INTRODUCTION   
 
1.1. Nature of the Problem: Increasing Variability in the Impacts of Extreme Events  
 

There has been a significant increase in the economic and insured losses from natural 
catastrophes worldwide in recent years as shown in Figure 1.  A comparison of these economic 
losses over time reveals a huge increase: $53.6 billion (1950-59), $93.3 billion (1960-69), $161.7 
billion (1970-79), $262.9 billion (1980-89) and $778.3 billion (1990-99).  The current decade has 
already seen $420.6 billion in losses, principally due to the 2004 and 2005 hurricane seasons, 
which produced historic records.  

 
FIGURE 1.  EVOLUTION OF “GREAT NATURAL CATASTROPHES” WORLDWIDE, 1950-2007 

ECONOMIC VERSUS INSURED IMPACT 
Sources: Data from Munich Re, 2008 Geo Risks Research – in U.S. $ billon indexed to 2007 

Catastrophes have had a more devastating impact on insurers over the past 15 years than 
in the entire history of insurance.  Between 1970 and the mid-1980s, annual insured losses from 
natural disasters (including forest fires) were in the $3 to $4 billion range.  The insured losses 
from Hurricane Hugo, which made landfall in Charleston, South Carolina on September 22, 
1989, exceeded $4 billion (1989 prices).  It was the first natural disaster to inflict more than one 
billion dollars of insured losses in the U.S.  There was a radical increase in insured losses in the 
early 1990s, with Hurricane Andrew (1992) in Florida ($23.7 billion in 2007 dollars) and the 
Northridge earthquake (1994) in California ($19.6 billion in 2007 dollars).   

The four hurricanes in Florida in 2004 (Charley, Frances, Ivan and Jeanne) taken together 
cost insurers almost $33 billion.  Insured and reinsured losses from Hurricane Katrina, which 
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made landfall in the U.S. in August 2005, are now estimated at $46 billion; total losses paid by 
private insurers due to major natural catastrophes were $87 billion in 2005.1   

Figure 2 depicts the upward trend in worldwide insured losses from catastrophes between 
1970 and 2007 (in 2007 indexed prices; corrected for inflation).2  
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FIGURE 2. WORLDWIDE EVOLUTION OF CATASTROPHE INSURED LOSSES, 1970-2007 
(9/11: All lines, including property and business interruption (BI); in U.S. $ billon indexed to 2007) 

Source: Wharton Risk Center with data from Swiss Re and Insurance Information Institute 
 

Figures 1 and 2 highlight another pattern of change: there has been a dramatic increase in 
the variability of losses due to major catastrophes from one year to the other.  Hurricane Katrina is 
estimated to have caused over $120 billion in economic losses and federal relief, more than four 
times than Hurricane Andrew, the most costly hurricane in the United States between 1950 and 
2000.3  On the other hand, despite forecasts of higher-than-normal hurricane activity for the 2006 

                                                 
1 This figure excludes payment by the U.S. National Flood Insurance Program (NFIP), a federal entity, for damage due 

to 2005 flooding (over $20 billion in claims).  
2 Munich Re and Swiss Re, the two leading reinsurers, do not use the same definition of catastrophic losses. Natural 

disasters inflicting insured losses above $38.7 million or total losses above $77.5 million are considered major 
catastrophes by Swiss Re (we use this threshold in Figure 2); Munich Re considers a higher threshold, which 
explains the difference between Figures 1 and 2.  For example, when Munich Re estimated insured losses from 
natural disasters at about $42 billion in 2004, Swiss Re’s estimate was over $52 billion.  As a result, most figures 
used in the literature regarding the evolution of catastrophe loss actually underestimate the real effect on insurers.  

3 It is also important to put these loss figures into perspective by looking at the historical development of U.S. 
policyholders’ surplus which has grown very significantly over the past 40 years. It was $100 billion in 1987, 
roughly $300 billion in 1997, and reached an historic record of $500 billion in 2007. When catastrophic losses are 
considered as a proportion of this surplus, one can see that the proportion of U.S. catastrophic losses has risen above 
20 percent of the policyholders’ surplus only twice in the past 30 years, 2005 being the most recent time. (Sources: 
data from Swiss Re, AM Best and Insurance Information Institute).  
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and 2007 seasons, the only hurricane to make landfall in the U.S. since 2005 was a Category 1 
hurricane. 

 

1.2. Increasing Variability in Insurance Price and Earnings 
The combination of historical losses and increasing variability has important 

consequences for the insurance industry. The amount of coverage an insurer is willing to provide 
against risks in different hazard-prone areas partly depends on how much of its exposure can be 
transferred to reinsurers, and at what cost.  Reinsurers typically cover a significant portion of 
insurance from catastrophic risks through pro rata (co-insurance or quota-share) or excess of loss 
contracts. Reinsurers estimated their losses for 2005 to be $40 billion, approximately half of 
which were due to Hurricane Katrina.  Furthermore, reinsurers are unregulated with respect to 
the premiums they charge.4 As a result of the 2004 and 2005 hurricane seasons, the price of 
catastrophe reinsurance in the U.S. increased significantly, rising 76 percent between July 1, 
2005 and June 30, 2006 and 150 percent for Florida-only insurers over the same period of time.5   

Insurers responded to this hard reinsurance market by filing for significant rate increases 
in states subject to hurricanes. While only a portion of these increases were granted, a study 
undertaken by the Wharton Risk Center (2008), in conjunction with Georgia State University and 
the Insurance Information Institute reveals that the average homeowner’s premium in Florida 
more than doubled in the past six years, increasing from $723 at the start of 2002, to $1,465 in 
the first quarter of 2007.  In coastal areas, premiums tripled or even quadrupled for some 
homeowners. While the market price of insurance has significantly increased in coastal areas 
(especially in Florida), insurers are still concerned about earnings volatility and the possibility 
that their long-term earnings will be negative in high-risk areas.  Some insurers simply refused to 
renew policies in coastal areas subject to hurricanes. In February 2007, State Farm, the largest 
insurer in Mississippi, stopped selling new policies on homes and small businesses there. 
Allstate, another giant residential insurance provider, announced it would restrict new 
homeowners’ policies in New Jersey, Connecticut, Delaware and New York City, refusing to 
write policies in areas subject to hurricanes.  

 This volatility in catastrophe losses and the market and regulatory reactions after the 
2004 and 2005 hurricane seasons in the U.S. raises the following question for insuring 
catastrophe risks in the future: How can one smooth the cost of coverage over time to avoid the 
radical changes in the market environment from year to year that have recently occurred?  To 
address this question, one needs to find ways to reduce insurers’ earnings volatility while 
assuring people living in high-risk areas that their insurers will not cancel their policies or double 
or triple their rates from one year to the next.   

There are also issues on the demand side. Prior to a disaster, many individuals perceive 
its likelihood to be sufficiently low that they believe, “It will not happen to me” and are reluctant 
to incur upfront cash expenditures to reduce future losses. As a result, they do not voluntarily 
invest in protective measures, such as strengthening their houses or buying insurance.  It is only 
                                                 

4 For a more detailed discussion of the role of private reinsurance in supplying coverage against natural disasters, see 
Wharton Risk Center (2008).  See also Froot, K. and P. O’Connell (1999). 

5 Between July 1, 2006 and June 30, 2007, prices fell slightly but were still considerably higher than during 2005.  
Prices continued to fall at the January 2008 renewal, but are still considerably higher than they were at the beginning 
of 2005.  See Guy Carpenter (2008) and Guy Carpenter (2007).  



 5

after the disaster occurs that these same individuals claim they would like to have undertaken 
these actions (Kunreuther, 2006).  To illustrate, the Department of Housing and Urban 
Development (HUD) reported that 41 percent of damaged homes from the 2005 hurricanes were 
uninsured or underinsured.  Of the 60,196 owner-occupied homes with severe wind damage from 
these hurricanes, 23,000 (more than one-third) did not have insurance against wind loss. (GAO, 
2007). 

 To address the problem of volatility of insurance premiums and homeowners’ failure to 
protect their property against disaster, we propose in this paper a new approach to providing 
homeowners’ coverage: long-term insurance contracts (LTI) rather than annual policies on 
residential property.  The paper is organized as follows. Section 2 discusses the reasons for the 
radical change in both the scale and frequency of weather-related catastrophes in recent years. 
We then turn in Section 3 to the need for LTI and the reasons why a market for this type of 
coverage does not exist today. Section 4 provides lessons from the mortgage market that can 
serve as a benchmark for LTI.  Indeed, long-term (20- or 30-year maturity) mortgages became 
the standard U.S. instrument for real estate lending only as the result of interventions by U.S. 
government agencies during the Great Depression. Section 5 applies concepts from long-term 
mortgages to insurance, and describes how fixed rates and adjustable insurance contracts would 
function. Section 6 introduces a simple two-period model to capture some of the features in 
designing an LTI contract.  Section 7 raises questions for future research and challenges for 
implementing this concept.  

 
2. THE QUESTION OF ATTRIBUTION6 

Between 1970 and 2004, storms and floods were responsible for over 90 percent of the 
total economic costs of extreme weather-related events worldwide.  Storms (hurricanes in the 
U.S. region, typhoons in Asia and windstorms in Europe) contributed to over 75 percent of insured 
losses.  In constant prices (2004), insured losses from weather-related events averaged $3 billion 
annually between 1970 and 1990 and then increased significantly to $16 billion annually between 
1990 and 2004 (ABI, 2005).  In 2005, 99.7 percent of all catastrophic losses worldwide were due 
to weather-related events (Mills and Lecomte, 2006). 

What role have socio-economic factors played in the increase in the level and variability of 
these losses? How is a change in climate likely to affect the number and severity of catastrophes 
in the future?  

 
2.1. Increased Development in Hazard-Prone Areas  

There are at least two principal socio-economic factors that directly influence the level of 
economic losses due to catastrophic events: degree of urbanization and value at risk.  In 1950, 
approximately 30 percent of the world’s population lived in cities.  In 2000, about 50 percent of 
the world’s population (6 billion) resided in urban areas.  Projections by the United Nations show 
that by 2025, that figure will have increased to 60 percent based on a world population estimate 
of 8.3 billion people.  

In the U.S. in 2003, 53 percent of the nation’s population, or 153 million people, lived in 
the 673 U.S. coastal counties, an increase of 33 million people since 1980, according to the 
                                                 

6 This section is based on Kunreuther, H. and E. Michel-Kerjan (2007). 
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National Oceanic Atmospheric Administration—yet coastal counties, excluding Alaska, account 
for only 17 percent of U.S. land area. And the nation’s coastal population is expected to increase 
by more than 12 million by 2015 (Crossett, et. al., 2004). 

In hazard-prone areas, this urbanization and increase of population also translates into 
greater concentration of exposure and hence a higher likelihood of catastrophic losses from 
disasters in the future.  The development of Florida highlights this point.  According to the U.S. 
Bureau of the Census, the population of Florida has increased significantly over the past 50 years: 
2.8 million inhabitants in 1950, 6.8 million in 1970, 13 million in 1990, and a projected 19.3 
million population in 2010 (almost a 700 percent increase since 1950), increasing the likelihood of 
severe economic and insured losses, unless cost-effective mitigation measures are implemented.  
According to a study undertaken by Munich Re (2000), Florida also has a high density of 
insurance coverage, with most houses covered against windstorm losses and about one-third 
insured against floods under the National Flood Insurance Program (NFIP).7  In 2008, the 
modeling firm AIR Worldwide estimated that nearly 80 percent of insured property assets in 
Florida are located near the coasts, the high-risk area of the state as shown in Figure 3.  
 

 
 

 

 

 

 

 

 

 

 

 
 

FIGURE 3. INSURED COASTAL EXPOSURE AS A PERCENTAGE OF STATEWIDE INSURED EXPOSURE AS OF 
DECEMBER 2007 (RESIDENTIAL AND COMMERCIAL PROPERTIES) 

Source: Data from AIR Worldwide Corporation 
 

 
This represents more than $2.4 trillion of insured exposure located in coastal areas (commercial 
and residential exposure) (see Figure 4).  Insurance density is thus another critical socio-economic 
factor to consider when evaluating the evolution of insured loss due to weather-related 
catastrophes.  These factors will continue to have a major impact on the level of insured losses 

                                                 
7 The NFIP is a federal insurance program created in 1968. Insurers play the role of intermediaries between the 

policyholders and the federal government. Following Hurricane Katrina, the program had to borrow $20 billion from 
the federal government in 2006 to meet its claims. Congress is considering modifying the program substantially.  
For a more detailed discussion of recent operation of the NFIP, see Michel-Kerjan, E. and C. Kousky (2008). 
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from natural catastrophes.  Given the growing concentration of exposure on the Gulf Coast, 
another hurricane like Katrina hitting the Gulf Coast is likely to inflict significant property 
damage unless strong mitigation measures are put in place.8 
 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 

FIGURE 4. TOTAL VALUE OF INSURED COASTAL EXPOSURE AS OF DECEMBER 2007 
(IN $ BILLION; RESIDENTIAL AND COMMERCIAL PROPERTIES) 

Source: Data from AIR Worldwide Corporation 
 
 

In order to better understand this new vulnerability, it is possible to calculate the total 
direct economic cost of the major hurricanes in the U.S. in the past century, adjusted for inflation, 
population and wealth normalization. More specifically, one can estimate what each of these 
hurricanes would have cost had they hit today. This exercise has been done in several studies. The 
most recent one by Pielke et al. (2008) normalizes to the year 2005 mainland U.S. hurricane 
damage for the period 1900–2005. Table 1 provides estimates for the top 20 most costly 
hurricanes assuming they had occurred in 2005. The authors propose two ways to normalize these 
losses, each of which gives a cost estimate. In Table 1 we provide the range of costs between 
these two estimates, along with the year when the hurricane originally occurred, the states that 
were the most seriously affected and the hurricane category on the Saffir-Simpson scale. The data 
reveals that the hurricane that hit Miami in 1926 would have been almost twice as costly as 
Hurricane Katrina had it occurred in 2005, and the Galveston hurricane of 1900 would have had 
total direct economic costs as great as those from Katrina. This means that independently of any 
possible change in weather patterns (see section 2.2), we are very likely to see even more 
devastating disasters in the coming years because of the ongoing growth in values located in risk-
prone areas.  

 

                                                 
8 For additional data on the economic impact of future catastrophic hurricanes, see Financial Services Roundtable 

(2007). 
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TABLE 1. TOP 20 HURRICANE SCENARIOS  (1900-2005) 
RANKED USING 2005 INFLATION, POPULATION, AND WEALTH NORMALIZATION 

Rank Hurricane Year Category Cost range 
($ billion) in 2005 

1 Miami (Southeast FL/MS/AL) 1926 4 140-157 
2 Katrina (LA/MS) 2005 3 81 
3 North Texas (Galveston) 1900 4 72-78 
4 North Texas (Galveston) 1915 4 57-62 
5 Andrew (Southeast FL and LA) 1992 5-3 54-60 
6 New England (CT/MA/NY/RI) 1938 3 37-39 
7 Southwest Florida 1944 3 35-39 
8 Lake Okeechobee (Southeast Florida) 1928 4 32-34 
9 Donna (FL-NC/NY) 1960 4-3 29-32 
10 Camille (MS/Southeast LA/VA) 1969 5 21-24 
11 Betsy (Southeast FL and LA) 1965 3 21-23 
12 Wilma 2005 3 21 
13 Agnes (FL/CT/NY) 1972 1 17-18 
14 Diane (NC) 1955 1 17 
15 4 (Southeast FL/LA/AL/MS) 1947 4-3 15-17 
16 Hazel (SC/NC) 1954 4 16-23 
17 Charley (Southwest FL) 2004 4 16 
18 Carol (CT/NY/RI) 1954 3 15-16 
19 Hugo (SC) 1989 4 15-16 
20 Ivan (Northwest FL/AL) 2004 3 15 

 

Sources: Data from Pielke et al. (2008) 
 
2.2 Climate Change and Hurricanes: Likelihood Versus Intensity  

There have been numerous discussions and scientific debates as to whether the series of 
major hurricanes that occurred in 2004 and 2005 might be partially attributable to the impact of a 
change in climate.9  One of the expected effects of global warming will be an increase in 
hurricane intensity.  This has been predicted by theory and modeling, and substantiated by 
empirical data on climate change.  Higher ocean temperatures lead to an exponentially higher 
evaporation rate in the atmosphere which increases the intensity of cyclones and precipitation.  

Emanuel (2005) introduces an index of potential destructiveness of hurricanes based on 
the total dissipation power over the lifetime of the storm.  He shows a large increase in power 
dissipation over the past 30 years and concludes that this increase may be due to the fact that 
storms have become more intense, on average, and/or have survived longer at high intensity.  His 
study also shows that the annual average storm peak wind speed over the North Atlantic and 
eastern and western North Pacific has increased by 50 percent over the past 30 years.   

A paper by Webster et al. (2005) published a few weeks after Emanuel’s paper, indicates 
that the number of Category 4 and 5 hurricanes worldwide has nearly doubled over the past 35 

                                                 
9 For more details on the scientific evidence regarding climate change and its impact see Stern Review (2006). 
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years.10  In the 1970s, there were an average of about ten Category 4 and 5 hurricanes per year 
globally.  Since 1990, the number of Category 4 and 5 hurricanes has averaged 18 per year.  
Focusing only on the North Atlantic (Atlantic-Caribbean-Gulf of Mexico), Category 4 and 5 
hurricanes have increased from 16 in the period of 1975-1989, to 25 in the period of 1990-2004 (a 
56 percent increase).  The Webster, et al. (2005) study concludes that “global data indicate a 30-
year trend toward more frequent and intense hurricanes.”  This significant increase in observed 
tropical cyclone intensities, linked to warming sea surface temperatures that may be associated 
with global warming, has been shown in another study published by Hoyos et al., 2006. 

But this is not to say that there is consensus by scientists on the relationship between 
hurricane activity and global warming.11  In a perspective article published in Science, Landsea et 
al. (2006) point out that subjective measurements and variable procedures make existing tropical 
cyclone databases insufficiently reliable to detect trends in the frequency of extreme cyclones.  
This conclusion is reinforced in a recent summary of articles on global climate change by Patrick 
Michaels, past president of the American Association of State Climatologists, who notes that all 
studies of hurricane activity that claim a link between human causation and the recent spate of 
hurricanes must also account for the equally active period around the middle of the 20th century.  
Studies using data from 1970 onward begin at a cool point in the hemisphere’s temperature 
history, and hence may draw erroneous conclusions regarding global climate change and hurricane 
activity (Michaels, 2006). A recent study by Knutson et al. (2008) suggests that the spread in 
hurricane activity projections obtained using individual models versus an aggregate measure across 
different models is substantial. When they use the mean of all predictions across the predefined 
models, the authors predict that by the end of the century the number of hurricanes in the Atlantic 
will fall by 18 percent and that the number of hurricanes making landfall in the United States 
region west of Puerto Rico will drop by 30 percent because of wind factors.  But using a specific 
model on a sample of thirteen simulated seasons they predict relatively little change in tropical 
storm (−8 percent) or hurricane counts (+7 percent), but a relatively large increase (+70 percent) in 
major hurricane counts. As stated by the authors, “this sensitivity of the hurricane response to 
details of the climate model projections highlights the need to better constrain regional climate 
responses to increased CO2.” 
 

A reanalysis of global tropical cyclone data since 1980 that addressed inaccuracies related 
to the interpretation of satellite recordings was published in 2007 (Kossin et al., 2007).  The 
reanalyzed data show a lack of global trend in the number and percentage of Category 4 and 5 
hurricanes and power dissipation index (PDI), thus contradicting the results of Webster, et al., 
(2005).  An increase in PDI and in the number and proportion of Category 4 and 5 hurricanes was 
still found for the Atlantic.  While this supports the results of Emanuel (2005) for the Atlantic, the 
lack of a global increase in tropical cyclone activity despite the increase in tropical sea-surface 
temperatures in all basins “poses a challenge to hypotheses that directly relate globally increasing 
tropical sea surface temperatures to an increase in long-term mean global hurricane intensity” 
(Kossin et al., 2007).  The Atlantic also appears to be characterized by large natural variability on 
the multi-decadal scale with a shift to a more active phase around 1995 (World Meteorological 
Organization, 2006; Goldenberg et al., 2001)   
                                                 

10 Category 4 hurricanes have sustained winds from 131 to 155 miles per hour; Category 5 systems, such as Hurricane 
Katrina at its peak over the Gulf of Mexico, have sustained winds of 156 mph or more. 

11 See for instance the exchange between Pielke R., Jr., C.W. Landsea and K. Emanuel (2005); Chan, J. (2006); and 
Webster et al. (2006).  
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The combination of increasing urbanization, concentration of value in high-risk areas, and 
the potential impact of a change in weather-patterns raises questions for the insurance industry as 
to how they will provide protection against catastrophic risks in the future. Traditional insurance 
relies on geographical and time diversification, both of which are somewhat compromised by 
these recent trends.  

 
3. DEVELOPING LONG-TERM INSURANCE (LTI) 
 

Our proposal for LTI is aimed at homeowners’ insurance for residential properties with 
reference to protection against natural disasters. This coverage has always been provided in the 
form of an annual contract renewable at the option of the insurer.  In some cases, legislation has 
restricted insurers from canceling policies or from charging premiums that reflect risk. For 
example, following the Northridge quake of 1994, California, in effect, imposed an exit fee on 
insurers that no longer wished to offer earthquake coverage, by requiring these firms to provide 
the initial capitalization for the newly created California Earthquake Authority. Similarly, 
Florida established a state-operated assigned risk pool—Citizens Property Insurance 
Corporation—as a stop-gap measure for those hurricane risks that the private insurers are 
unwilling to accept.12 As pointed out above, some insurers have recently restricted the sale of 
new homeowners’ policies in hurricane prone areas. Policyholders cannot help but worry that 
their existing coverage might be subject to unexpected cancellation or very significant premium 
increases, particularly if there is severe hurricane damage in the near future.13 

There is precedent for long-term homeowners insurance contracts. Benjamin Franklin 
created the Philadelphia Contributionship for the Insuring of Houses from Fire in 1752. It 
eventually became the Green Tree Mutual Assurance Company, which closed its doors in 2004. 
The Philadelphia Contributionship and other insurance companies selling perpetual policies 
require a large fixed payment at the time that one purchases insurance. The interest earned on 
this “insurance investment” covers the annual premiums on the property.14 The type of long-term 
coverage we propose differs from these perpetual policies by not having fixed costs and 
requiring annual premiums that are either fixed over the term of the contract or variable to reflect 
changes in risk over time.  

 
3.1. Need for Long-Term Insurance 
 

Here we concentrate on the rationale for homeowners’ policies in areas subject to 
catastrophic risks. Short-term insurance policies foster significant social costs. Many individuals 
voluntarily purchase insurance only after a disaster occurs. If they have not collected on their 
policy for several years, they then cancel it, because they view it as a bad investment.15 As we 
                                                 

12 Citizens, which used to be the insurer of last resort in Florida, has actually become the largest insurance provider of 
homeowners’ coverage in the state in 2007. However, Citizens does not have enough financial reserve to meet its 
liability in case of a major hurricane. Furthermore, Citizens’ deficit can be recouped against all other homeowner 
insurers operating in the state of Florida. See Chapters 2 and 13 in Wharton Risk Center (2008), for a detailed 
analysis of the market in Florida. 

13 In a survey of homeowners in flood-prone areas in Austria and Germany, Raschky and Schwarze (2007) found that 
distrust of insurance companies was one of the principal reasons for lack of interest in purchasing flood coverage.  

14 We thank Felix Kloman for calling attention to this type of long-term insurance relationship.   
15 Kunreuther, H., W. Sanderson and R. Vetschera (1985). 
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discussed in the introduction, more than 40 percent of damaged homes from the 2005 hurricanes 
were uninsured or underinsured.16  Evidence from recent disasters reveals that consumers who 
fail to adequately protect their home or even insure at all, create a welfare cost to themselves and 
a possible cost to all taxpayers in the form of government disaster assistance. Under the current 
U.S. system, the Governor of the state(s) can request that the President declare a “major disaster” 
and offer special assistance if the damage is severe enough.  The number of Presidential disaster 
declarations has dramatically increased over the past 50 years: there had been 162 over the 
period 1955-1965, 282 over 1966-1975, 319 over the period 1986-1995 and 545 during 1996-
2005 (Michel-Kerjan, in press).  

 
The absence of long-term insurance also results in direct private costs to both the insurer 

and the insured.  The private value of the LTI over a period of N years is higher than the sum of 
N one-year insurance contracts if the risk remains constant over time, for two reasons: (1) LTI 
reduces the transaction costs to consumers should their annual homeowners policy not be 
renewed and to insurers should homeowners cancel their policy; and (2) an LTI reduces the 
uncertainty to homeowners as to whether their premiums will be significantly increased 
following a severe disaster.  

 
There is another rational for developing LTI. LTI with risk-based premiums can also 

encourage individuals to invest in cost-effective mitigation measures. Many homeowners do not 
invest in such measures due to myopia and budget constraints. They are unwilling to incur the 
high upfront cost associated with these investments relative to the small premium discount they 
would receive the following year which reflects the expected reduction in annual insured losses 
(Kunreuther, Meyer and Michel-Kerjan, forthcoming). An LTI policy can be coupled with a 
long-term home improvement loan tied to the mortgage so that the reduction in insurance 
premium would exceed the annual bank loan payment. In other words, investing in cost-effective 
mitigation measures will be financially attractive. The social welfare benefits of LTI coupled 
with long-term mitigation loans over N years can be significant in that there will be less damage 
to property, reduction in costs of protection against catastrophic losses by insurers, more secure 
mortgages and lower costs to the government for disaster assistance.17  

 
The use of insurance markets to motivate mitigation activities must be structured with 

care. The worst case arises when full insurance is provided at a fixed premium, independent of 
whether or not mitigation precautions have been taken. The homeowner then has no financial 
incentive to invest in mitigation measures, since the benefits would only accrue to the insurer in 
the form of lower claims. In such a case the incentive to mitigate would actually be greater if 
there were no insurance market at all, since the benefits of mitigation would accrue to the 
homeowner by reducing the damage potential from future disasters. The most efficient solution, 
however, is risk-based premiums since it provides an ex ante mitigation incentive to qualify for 
lower premiums, while maintaining the ex post benefit of risk sharing through insurance.  
 

 

                                                 
16 U.S. Government Accountability Office (GAO) (2007). 
17 Mooney (2001) has argued for long-term homeowners’ policies for this reason.   



 12

3.2. Why Does a Market for Long-Term Insurance Not Exist Today? 
 

In his seminal work on uncertainty and welfare economics, Arrow defined “the absence 
of marketability for an action which is identifiable, technologically possible and capable of 
influencing some individuals’ welfare (…) as a failure of the existing market to provide a means 
whereby the services can be both offered and demanded upon the payment of a price.” (Arrow, 
1963). Here we shall discuss several factors which have contributed to the non-marketability of 
LTI for protecting homeowners’ property against losses from fire, theft and large-scale natural 
disasters. We discuss elements which affect both the supply and demand sides.  

 
Supply Side   
              

Today, due to political pressure, insurance rates are frequently restricted to be artificially 
low in hazard-prone areas. The result is that the risks most subject to catastrophic losses also 
become the most unattractive for insurers to market. A second stumbling block, derived from 
premium regulation, is that insurers are unclear as to how much they will be allowed to charge in 
the future.  

 
Uncertainty regarding costs of capital and changes in risk over time may also deter 

insurers from providing long-term insurance. In principle, of course, insurers could add a 
component in their premium quotes to account for the costs created by these factors. The 
problem is that the insurance regulator presumed to be representing consumers interests, may not 
allow these costs to be embedded in the approved premiums. Furthermore, it is unclear what the 
voluntary demand for coverage will be, given the resulting premium. In a real sense, a new and 
less intrusive format for government regulation of insurance markets may be required if the 
private markets are to be successful in dealing with time-varying risks and capital.  

Impediments to risk spreading across insurance firms is another source of market failure. 
A key benefit of organized insurance markets is, of course, the ability to spread risks across a 
large number of individuals and entities. To achieve this benefit, an organized market must be 
available for reinsurance or for capital market access based on insurance linked-securitization. 
The creation of such risk-spreading facilities, however, faces a fundamental coordination 
problem, since simultaneously there must arise both primary insurers who are willing to write 
policies, and reinsurers (or capital market investors) who are willing to provide reinsurance 
protection. Such coordination problems may be difficult for private markets to solve.18 However, 
if there is a welfare gain that can be achieved through coordination effort, then government 
entities should facilitate this effort (Baumol, 1952). More specifically, government actions can 
enforce a coordinated equilibrium by requiring all insurers and reinsurers to participate in this 
market. One recent example of such intervention is the U.S. Terrorism Risk Insurance Act 
(TRIA) legislation of 2002. The development of a terrorism insurance market in the United 
States post September 11, 2001 can be attributed, at least in part, to the “make available” clause 
of the law which required all insurers to participate in the market. 

 
One may ask why banks, which now provide long-term mortgages, have not played an 

active role in packaging insurance to cover the physical asset. Two factors contribute to the 
answer. First, until 1999, banks were prohibited from operating an insurance business. It was 
                                                 

18 See Ibragimov, Jaffee, and Walden (2008). 
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only with the passage of the 1999 Gramm-Leach-Bliley Act, which removed features of the 
Glass Steagall Act, that insurance activities were allowed. Even then, bank entry has been 
relatively slow as highlighted by the 2004 spin-off of the Travelers insurance division by 
Citigroup just five years after they merged.  

 
Lenders may also feel they are protected by the first-loss position of the homeowner 

given the homeowner’s equity in the dwelling.  Lenders may also be able to transfer most of their 
exposure to capital market investors through securitization. However, regulatory responses to the 
subprime mortgage crisis may hamper the future securitization of high-risk instruments, with 
particularly negative consequences for insurance-linked securitization. Earthquake, wind 
damage, and flood risks may also be quite different in this regard.  Homeowner’s equity may 
protect lenders with respect to seismic risks, since most wood-frame homes are relatively 
resilient to earthquakes.  This is not the case for hurricane and flood risks, where a house can be 
totally destroyed by these disasters.  Indeed, most lenders do require homeowners to purchase 
insurance in such high-risk regions. 

 
Demand Side  
 

Some homeowners may worry about the financial solvency of their insurer over a long 
period, particularly if they have the feeling they would be locked-in if they sign an LTI contract. 
It is noteworthy that the quasi-public California Earthquake Authority is quite clear in its policies 
that there will be a range of major events for which it will not be able to pay all claims. 
Consumers might also fear being overcharged if insurers set premiums that reflect the 
uncertainty associated with long-term risks. Furthermore, those who have not suffered a loss for 
10 years but have a 25-year LTI may feel that the premiums are unfairly priced. It is thus 
essential that the design of an LTI contract anticipates these concerns. The policy may also 
include specific features that allow contract terms to change over time. 

 
 
4.  BENCHMARK FOR LTI: LESSONS FROM MORTGAGE MARKETS 
 
4.1. History of Mortgages in the U.S.19  
 

Until the Great Depression, long-term (20- or 30-year maturity) mortgages were rare. 
U.S. mortgages were commonly short-term (maturities 1 to 3 years) with the full principal due at 
maturity. In practice, the loans were regularly renewed at each maturity date. However, as the 
Great Depression took hold, banks refused to renew these contracts. The problem was that most 
bank depositors had the right to withdraw their funds on demand, and, fearing a bank run, were 
doing so. As a result, the banks did not renew the mortgage loans, using the funds instead to pay 
off their depositors. 

House prices were naturally falling under the dire depression conditions, so in most cases 
the loan balance exceeded the house value, giving the borrower further incentive to default.  In 
addition, a vicious circle ensued, as falling house prices begot more mortgage defaults and 
mortgage defaults begot greater declines in house prices. To curtail this process, the federal 
                                                 

19 This section is based in part on Jaffee, D.M. and J.M. Quigley (2007). Aaron (1972) provides a useful discussion of 
the role played by various government agencies in the development of the U.S. mortgage market during the 1930s. 
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Home Owners Loan Corporation (HOLC) was created in 1933 to recycle the failing home 
mortgages (reminiscent of government programs now being proposed to deal with subprime 
mortgages); the HOLC also expanded the use of long-term, fixed payment, and fully amortizing 
mortgages in the U.S. The HOLC finished its business and was closed by 1935, a notable 
achievement. It was replaced by the Federal Housing Administration (FHA), established under 
the National Housing Act of 1934, to oversee a program of home mortgage insurance against 
default and it continued to promote the use of long-term mortgages (Aaron 1972). The default 
insurance was funded by the proceeds of a fixed premium charged on unpaid loan balances. The 
insurance was required to be “economically sound” and self-supporting, which was satisfied by 
using actuarial computations to set premiums. The mortgages were also self-amortizing with 
terms as long as twenty years, and with loan-to-value ratios up to eighty percent. The long-term 
and fully amortizing feature of the FHA mortgage greatly reduced mortgage defaults because it 
meant borrowers were no longer expected to pay off the full principle on short notice.20  

The entry of the FHA greatly facilitated the long-term mortgage innovation for at least 
two reasons: The FHA contract provided low-cost government insurance, ensuring its immediate 
and widespread adoption. And as it was adopted, the FHA contract became a de facto “standard” 
even for loans made by private lenders. It is plausible that the actions of the HOLC and FHA 
hastened the standardization of long-term mortgages in the U.S. by a decade or more relative to 
what private markets would have achieved.  

Following World War II, the Veteran’s Administration (VA) created a parallel program 
of mortgage guarantees. Figure 5 shows the percentage of all one- to four-family mortgages 
outstanding that represented FHA and VA mortgages. As recently as the mid-1980s, these 
government mortgage insurance programs were supporting over 20 percent of the overall market. 
A factor contributing to their success was that FHA and VA mortgages became the raw material 
to create the GNMA (Government National Mortgage Association) certificate, the first organized 
mortgage backed security (MBS) in the U.S.  The GNMA certificates were soon traded in very 
active security and futures markets, helped in large part because the underlying mortgages were 
already fully guaranteed by the U.S. Treasury.  In other words, the FHA program not only made 
the fixed payment, fully amortizing, long-term mortgage the standard instrument for the U.S. 
mortgage market, but it also was the origin of the entire U.S. MBS market. 

When it started in 1934, the FHA mortgage program had no counterpart in the private 
sector. There had been a private mortgage insurance (PMI) industry in the 1920s, but by the early 
1930s, all of these firms had become bankrupt—echoing the concerns created by the current 
subprime mortgage crisis for security guarantee insurers. A private industry was restarted in the 
1950s, and, as shown in Figure 6, by the late 1970s, it had reached a 50 percent share of the 
overall market for insured mortgages.  By 2006, the PMI industry had a market share of over 70 
percent of all insured mortgages.21 

 

                                                 
20 Of course, default would still occur if house price declines created negative owner equity. When default occurred, 

the FHA took possession of the house and then arranged for its sale, using a variety of alternative channels. 
21 See Jaffee (2006) for a discussion of the PMI industry as monoline insurers.   
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FIGURE 5. INSURED MORTGAGES OUTSTANDING AS PERCENTAGE OF TOTAL 1-4 MORTGAGES OUTSTANDING 
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 Several factors led to this dramatic and continuing decline in the market share of the 
government programs: 
 
• Success of the Private Mortgage Industry (PMI). Although the PMI firms traditionally 

focused on borrowers with higher income and larger mortgages than the FHA program, 
competition between the two formats became increasingly aggressive. Importantly, the PMI 
firms quickly adapted to provide coverage on newly designed mortgage formats which were 
not eligible for FHA loans. 

• Failure of the FHA to innovate its mortgage contracts. A variety of technological and 
informational advances took place in the U.S. mortgage industry starting in about 1990. 
These advances provided the opportunity for lenders to make loans to lower-income 
borrowers and those with more erratic income patterns than had previously been considered 
possible. The FHA, however, was remarkably slow in adapting to these new conditions, even 
though the changes were directly relevant to its traditional client base.  

• Subprime and predatory lending. While the FHA was slow to respond to the new lending 
opportunities created by technological and informational advances, the private markets were 
not. Its most positive feature was creating a new form of subprime lending that enabled very 
large numbers of American families to become homeowners. On the negative side, it also 
allowed very cruel forms of predatory lending, whereby uninformed families were induced to 
take on mortgage obligations that were far from their best interest. 

• Fannie Mae and Freddie Mac competition. Traditionally, the two government sponsored 
enterprises were not active in the lower reaches of the mortgage quality spectrum. 
Increasingly, however, as these firms found little growth opportunity in their traditional 
markets, they began to compete with the FHA for borrower clients. 

 
The history of the FHA program provides a very useful template for the creation of a new 

long-term insurance market against natural disaster risks.  First, it illustrates that in the absence 
of coordination, private markets may fail to initiate an important financial innovation. The 
government intervention was not only of value for its own sake, but it provided a variety of 
external benefits, such as the FHA-based creation of the mortgage backed security market.  
Jaffee and Quigley (2007) even suggest that the FHA program was instrumental in allowing the 
reestablishment of a private mortgage insurance industry, since the success of the FHA program 
demonstrated that it was feasible to insure fixed payment, long-term home mortgages.  Second, 
the later development and success of the private mortgage insurance industry indicates that a 
government program will not necessarily crowd out private competitors. A key factor here, of 
course, is the requirement that the premiums charged by the government program be actuarially 
sound. It no doubt also helped that the FHA program has progressively been directed to lower-
income borrowers, thus providing a natural market niche with middle- and upper-income 
borrowers for the private mortgage insurance industry. 

 
4.2. Reasons for Long-Term (LT) mortgages 
 

LT mortgages developed because of the need by homeowners for liquidity given their 
budget constraints.  They also had a desire for stable payments over time – planning ahead.  LT 
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mortgages – either fixed rate or variable rate – have various advantages.  Due to their long 
maturity, the borrower does not face the risk that the full principal may be called on short notice.   
The loans amortize the principal in a series of steady payments over the life of the loan, so at the 
maturity date, the loan principal due equals zero. With securitization, both the interest rate and 
credit risk can also be transferred from the lender to a capital market investor. Intermediation by 
Fannie Mae and Freddie Mac serves a similar purpose. 
 
Fixed-rate LT mortgages   These normally have higher interest rates than variable-rate loans to 
reflect the interest rate risk and the normal ascending shape of the yield curve. Interest-only (i.e. 
no amortization) mortgages will have still higher rates, since the homeowner has less equity at 
the end of any time period.  Most mortgages allow the borrower an option to repay the loan 
under a variety of circumstances.  The standard “due on sale” clause requires the homeowner to 
repay the loan if the home is sold. There is no fee for this, since it is designed to protect the 
lender.22  

Most mortgages allow the borrower to refinance the loan, which benefits the borrower on 
a fixed-rate mortgage when market rates fall. In some cases, the borrower pays for this option 
with a prepayment penalty that is due when the mortgage is refinanced. In other cases, the 
expected cost of the prepayment option is simply reflected in a higher contractual rate. This is 
the case, for example, on most fixed-rate mortgages securitized by Fannie Mae and Freddie Mac.  

Adjustable-rate LT mortgages   The interest rates on adjustable-rate mortgages (ARMs) have 
been systematically lower than comparable rates on fixed-rate mortgages. Figure 7 shows that 
the spread has been as high as 3.5 percent points, while it is currently at the relatively low spread 
of about 1 percentage point; the spread has averaged 1.8 percentage points from 1985 to 2007. 
As already noted, the normally ascending yield curve is one explanation for this positive spread. 
In addition, since ARMs impose the risk of rising interest rates on the borrower, lenders 
systematically offer discounts on ARM rates that are even greater than the yield curve would 
warrant.  
 
 Figure 7 also shows that the ARM percentage of all originated mortgages has varied 
significantly over time, reaching almost 60 percent in 1987, but falling to almost 10 percent at 
times during the last 10 years. There is a substantial and growing literature on the factors that 
determine the borrower’s choice between the two contracts formats. It is apparent that all else 
being equal, borrowers would prefer the price certainty created by fixed-rate mortgages. 
However, two factors may induce borrowers to choose ARMs. The first factor is that ARM rates 
are generally lower than FRM rates.  The second factor is that borrowers may believe they can 
predict future movements in interest rates, and therefore it is economically rational to take out 
ARMs when they expect market interest rates will soon be falling. There is evidence that the 
borrowers are somewhat successful in this regard.23 
 
 

                                                 
22 There exist some assumable mortgages under which the homeowner can transfer the existing mortgage to a new 

home buyer under certain conditions. 
23 See, for example, Campbell, J. (2006); Van Hemert, O., (2007); and Koijen, R., O. Van Hemert, and S. Van 

Nieuwerburgh (2007). 
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FIGURE 7. INTEREST RATE SPREAD (FIXED-RATE MINUS ADJUSTABLE-RATE) AND ARM SHARE OF TOTAL 
MORTGAGE ORIGINATIONS 

 

 States generally require a series of “caps” that limit the increases in the contractual 
interest rate and the payment amounts. The interest rate may not change by more than a fixed 
amount (e.g. 1 percentage point) and payments likewise cannot rise by more than a given 
percentage (e.g. 5 percent). The payment caps are usually applied in terms of annual changes, 
whereas rate caps may apply to both annual changes and lifetime changes (measured from the 
initial conditions on the mortgage). On most prime adjustable mortgages, and reflecting some 
state laws, homeowners facing a payment increase are allowed a “no penalty window” during 
which they can prepay without incurring additional charges. Interesting, many of the subprime 
mortgages found a way to avoid these windows, thus forcing the borrowers either to pay the 
higher premiums or to pay prepayment penalties.24 

Mortgage lenders benefit when homeowners repay mortgages that have below-market 
contract rates, but suffer when the repaid mortgage has an above-market rate. Overall, the 
lenders probably suffer, since more sales occur when market rates are falling. Compensation for 

                                                 
24 Mortgage rates in the U.S. were also once limited by a variety of state usury laws, many enacted in the late 19th 

century. Federal legislation in 1980 was passed to preempt these laws, because it was increasingly evident that their 
major effect was to reduce mortgage lending, especially for higher risk borrowers who would normally be expected 
to pay higher rates. Interestingly, the federal legislation provided state legislatures the right to reenact their usury 
legislation, but no states did so. 
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this expected loss, however, is embedded in the initial mortgage rate.  This works tolerably 
well.25   

 
5. APPLYING CONCEPTS FROM LT MORTGAGES TO LT INSURANCE  
 
5.1. Reducing the Uncertainty  
 

The loss distribution for homeowners insurance in hazard-prone areas of the country is 
not always well specified because of the infrequency of major catastrophes. The ambiguities 
associated with the probability of an extreme event occurring and with the outcomes of such an 
event raise a number of challenges for insurers with respect to pricing their policies.  Empirical 
studies reveal that actuaries and underwriters are averse to ambiguity and want to charge 
somewhat higher premiums when the likelihood and/or consequences of a risk are highly 
uncertain than if these components of risk are well specified. (Kunreuther et al., 1995).   

 
Insurers often are provided with imprecise estimates of the likelihood of a specific 

catastrophic event, such as a range of probabilities (i.e., p∈[plow; phigh]) from the leading  
modeling firms or in-house modeling capacity.26  In some cases, experts will strongly disagree 
on the estimate of this probability, with one group confidently estimating the probability to be 
plow, and the other confidently estimating it as phigh. 

 
Given such differing probability estimates, how would insurers react?  Recent research 

shows that insurers are sensitive to the type of ambiguity associated with the likelihood of an 
event occurring. In a survey of 78 actuaries in France, Cabantous (2007) showed that actuaries 
would charge a much higher premium when ambiguity came from conflict and disagreement 
regarding the probability of a loss than when the ambiguity came from an imprecise forecast.  On 
average, the annual mean premium was 32 percent higher when the ambiguity came from an 
imprecise forecast that when the risk was well-known and it was 40 percent higher when 
ambiguity came from conflict.  The survey also showed that the source of ambiguity matters (see 
Table 2 for details of the questions).  

 
In 2007, Wharton Risk Center launched a web-based survey of actuaries’ and 

underwriters’ decision making under risk, uncertainty without conflict, and uncertainty with 
conflicting information on risk estimates. Underwriters and actuaries from several insurance 
companies were invited to complete a 15-minute survey that had also the support of the Casualty 
Actuarial Association.  In this survey, nine different scenarios were developed by crossing three 
different types of natural hazards (fire, flood and hurricane) with three types of information 
about the probability of a disaster with a loss of $100,000 (precise probability, imprecise 
probability and conflicting probability), using the same type of questions as in the survey of 
actuaries in France, as described in Table 2.  Participants were asked to determine the annual 
premium they would charge to cover a homeowner against a risk, assuming a 1-year contract and 
a long-term insurance contract (e.g., 20 years) tied to the homeowner’s mortgage.    
                                                 

25 Commercial mortgages, in contrast to residential mortgages, require the borrower to repay the lender for any 
financial loss due to a mortgage repayment (whether due to sale or refinancing). Commercial mortgages have 
developed a variety of mechanisms for this purpose. 

26 The three leading modeling firms are AIR Worldwide, EQECAT and Risk Management Solutions (RMS). 
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TABLE 2. SCENARIOS OF THREE RISKY SITUATIONS 

 

No ambiguity Source of the Ambiguity Source of the Ambiguity 
Precise Probability Imprecise Probability Conflicting Probability  

 
Both modeling firms 
estimate that there is a 
1 in a 100 chance that a 
flood will severely 
damage homes in this 
area this year (i.e., the 
annual probability is 1 
percent). They both are 
confident of their 
estimate. 

Both modeling firms recognize 
that it is difficult to provide a 
precise probability estimate.  The 
two modeling firms agree that the 
probability that a hurricane will 
severely damage homes in this 
area this year ranges somewhere 
between a 1 in 200 chance and 1 
in 50 chance. 

One modeling firm confidently estimates 
that there is 1 in a 200 chance that a fire 
will severely damage homes in this area 
this year (i.e., the annual probability is 
0.5 percent). The other modeling firm 
however, confidently estimates that the 
chance that a fire will severely damage 
homes in this area this year is much 
higher: 1 in 50 chance (i.e. the annual 
probability is 2 percent).  

 
 

When there was no ambiguity, the probability of the loss was 1 in 100 so the expected 
loss is $1,000.  In the two ambiguous cases, 1 in 200 and 1 in 50 were the minimum and 
maximum estimates of the probability of the loss – a geometric mean of probability equal to 100, 
so the expected loss for these two situations was $500 and $2,000 respectively – a geometric 
mean of $1000.  The preliminary results from the 78 respondents reveal that the type of hazard 
does not have a significant effect on mean premiums. However, the quality of the probabilistic 
information can change the premium significantly (shown in Figure 8).   

 
Under a 1-year contract, insurers would charge on average $1521, which reflects their 

estimate of the expected loss plus a loading factor (administrative cost and cost of capital). The 
mean annual premiums when the probability is ambiguous are 25 percent higher than when the 
probability is given precisely. The source of uncertainty however does not affect insurers. The 
estimated premiums when there is conflict between experts are not significantly different from 
premiums when the probability of a disaster is imprecise. Contrary to results by Cabantous 
(2007), in this population of U.S. insurers, imprecision is only of slightly greater concern than 
conflict. The mean premium under imprecision is 5 percent higher than the mean premium under 
conflict. Under the 20-year contract, the premium with precise probability is $1589 (or about 5 
percent above $1521, the amount which insurers would charge for a one-year contract with 
precise probability). But aversion to ambiguity increases significantly has the length of the 
contract increases. Depending on whether the probability is imprecise or there are conflicting 
probability estimates, mean annual premiums are 41 percent and 34 percent higher, respectively, 
than when there is no ambiguity ($2246 and $2133).  This raises the question of pricing of long-
term contracts we now discuss.  
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FIGURE 8. ANNUAL MEAN INSURANCE PREMIUMS IN DOLLAR, ACROSS NATURAL HAZARDS (N=78) 

 

 
5.2. Fixed Rate LTI Contracts 
 

The above survey data suggests that insurers are likely to charge higher premiums for 
long-term contracts than for annual policies because of the perceived uncertainty associated with 
the risk.  If the risk increases over time, then the LTI premium will be too low relative to what 
the insurer would need to charge. If the risk decreases over time, the homeowner will want to 
cancel her policy and purchase coverage at a lower premium. To address this issue we propose 
that homeowners pay a penalty to the insurer if they opt out of their policy for any reason other 
than home sale. This parallels the treatment of mortgages.  

To deal with insurers’ concerns with catastrophic losses during the length of the LTI 
contract, there is a need for longer-term reinsurance contracts and alternative risk transfer 
instruments such as catastrophe bonds. Today, reinsurance contracts are typically for one or two 
years. But alternative transfer instruments such as cat bonds are longer.  In 2007 there were 20 
catastrophe bonds (of the 29 issued that year) that covered a term of at least 3 years.27  There is 
thus a need to assess the constraints on the availability and volume and contract length of 
securities that diversify catastrophe risk, how the use of these vehicles could be expanded to 
augment reinsurance capacity, and the role that the government can play to promote this market. 
 
5.3. Adjustable Rate LTI Contracts 
 

There will be a significant benefit to homeowners if their insurer guarantees coverage for 
a fixed period (e.g. 15 years), even if the premiums vary from year to year to reflect changing 
risks. In theory, premiums could decrease as well as increase. It is critical that the premium 
variations be based on an external index. For example, the Property Claims Services regularly 
tabulates the total insured losses from major events.  This could provide a natural index, but 
regulators and policyholders need to be assured that it cannot be manipulated.  There may also 
have to be caps on how much the premium can change year to year, just as there are limits on 
                                                 

27 There has been only one catastrophe bond issued for a term of longer than 5 years; that was a 10-year cat bond 
issued in 1997. For more details on the trends in cat bonds and other insurance-linked securities, see Michel-Kerjan 
and Morlaye (2008). 
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how much the interest rate and payment amounts can change annually on adjustable-rate 
mortgages (ARMs).  
 
5.4. Risk Exposure and Capital Cost Indexes for LTI 
 
Risk Exposure Indexes 
 Whether the LTI contract uses fixed or adjustable premiums, one of the challenges will 
be in establishing a transparent mode of evaluating risk exposure for the long period of time 
covered. Catastrophe models developed by modeling firms have been the source of these 
estimates in recent years but controversies in the post-Hurricane Katrina period raise several 
issues.   
 

In the latter part of the twentieth century, scientific measures of natural hazards advanced 
rapidly.  Two separate developments – mapping risk and measuring hazard – came together in a 
definitive way in the late 1980s and early 1990s, through catastrophe modeling.  Computer-based 
models for measuring catastrophe loss potential were developed by linking scientific studies of 
the occurrence of natural hazards and historical records with advances in information technology 
and geographic information systems (GIS).  The models provided estimates of catastrophic 
losses by overlaying the properties at risk with the sources of the hazard(s) in the geographic 
area.  With the ability to store and manage vast amounts of spatially referenced information, GIS 
became an ideal environment for conducting more cost-effective hazard and loss studies.  These 
developments led to the formation of several new companies, each of which developed computer 
software for estimating the risks of natural hazards in different geographical regions.  Today 
three companies, AIR Worldwide, EQECAT and Risk Management Solutions (RMS) are 
important players in the field of catastrophe insurance and reinsurance.   
 

It should be noted that catastrophe modeling and risk assessment face a number of 
informational challenges as well as acceptance by the market and regulatory agencies.  For 
example, the Florida Commission on Hurricane Loss Projection Methodology refused to certify 
RMS's medium-term view of hurricane activity filed in 2006 that reflected the recent increase in 
hurricane frequency and intensity being experienced in the Atlantic basin.  RMS had to modify 
its model, so hurricane activity estimates are now based on a straight historical average of the 
number of hurricanes recorded since 1900 (Risk Management Solutions, 2007).  Ultimately, it 
may have been necessary to experience the recent increased hurricane activity for RMS and other 
firms to adjust their models.  Due to parameter uncertainty, it is not possible to know whether a 
given model has accurately estimated the true underlying risk of loss and associated probability 
distributions. 

 
The development of an index is important for transparency and to limit potential 

problems related to asymmetric information between interested parties. In the case of catastrophe 
risk insurance, one might contend that large insurance companies have more information about 
hurricane risks in a specific region than a family living there who does not have the financial 
resources that an insurer typically invests in modeling. Asymmetric information in favor of the 
insurer can have important market implications as it might lead to a selection process where only 
the low-risk individuals are fully covered at the equilibrium. (Henriet and Michel-Kerjan, 2008). 
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Risk evaluation, of course, is an issue common to most financial instruments. The recent 
U.S. subprime mortgage crisis illustrates that capital market investors are willing to purchase and 
hold new and risky classes of securities, especially if the risk is thought to have a low correlation 
with systematic market risk and the risk-adjusted return is judged to be adequate. The subprime 
investments turned out to be a large mistake, but the market meltdown has been primarily the 
result of falling house prices, which have created highly correlated defaults. Furthermore, there is 
a parallel record of investments in securitized auto, credit card, student, commercial mortgage 
and other loans, all of which have been highly successful to date (Jaffee, 2008). 

 
Capital Cost Indexes  
Incorporating Capital Costs in Insurance Premiums  The second important element that enters 
insurance pricing is the cost of capital that the insurer has to access for its entire portfolio.  The 
importance of including capital costs in setting premium for insurers to secure an adequate rate of 
return is often not sufficiently understood.28  In particular, the prices charged for catastrophe 
insurance must be sufficiently high to cover not only the expected claims costs and other 
expenses, but also the costs of allocating risk capital to underwrite this risk.  Moreover, because 
large amounts of risk capital are needed to underwrite catastrophe risk relative to the expected 
liability, the resulting premium is likely to be high relative to its loss expenses, in order for the 
insurer to earn a fair rate of return on equity and thereby maintain its credit rating.  

There is indeed a temptation for parties to focus on the concept of a fair premium to serve 
their own interests.  For example, the term actuarially fair premium has a precise definition: the 
premium is equal to the expected loss.  Much of the public debate surrounding a fair price of 
catastrophe insurance implicitly uses the concept of actuarially fair premium because it is simple 
and results in a low cost to the policyholder.  However, while actuarially fair is a useful statistical 
concept, the implied premiums are not economically sustainable. Insurers must cover all their 
costs (not only expected claims) in order to survive and attract capital.  

An expanded notion of fair premiums derives from the notion of a fair rate of return on 
capital.  A fair return is one that offers the investor a competitive return on capital so that the 
investor will want to place her funds with the insurer rather than elsewhere.  A fair premium 
would then be one that offered the investor a fair rate of return.  To offer a fair return, the premium 
would have to cover all costs (expected claims, expenses of various sorts and taxes), and then 
produce an expected return to the investor which was equal to the cost of capital or fair return.  
The premium would yield some profit, but only the normal level necessary to attract and maintain 
the insurer’s capital base. 

While a sustainable premium must offer a return consistent with the cost of capital, we 
must also pay attention to how much capital the insurer will need to pay claims with an acceptably 
low probability of default.  The required amount of capital depends on the risk characteristics of 
its liability portfolio, its asset portfolio and the effectiveness of its risk management strategy.  
What is an acceptably low risk will be interpreted differently by prospective policyholders, by 
regulators and by rating agencies who impose standards ostensibly on behalf of such 
policyholders.  For current purposes, we can think of the economic capital as that required to 

                                                 
28 Discussion in this section is based on Wharton Risk Center (2008).  We thank Neil Doherty for providing us with 

this analysis.  
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maintain the insurer’s credit rating or the capital needed to satisfy regulatory requirements if this is 
higher than the rating agency’s requirements.  

Each policy the insurer sells imposes its own capital burden.  If an additional policy were 
sold without adding to the insurer’s overall capital, there would normally be a small increase in the 
likelihood that the insurer would default.  Just how much of a change depends on the riskiness of 
the policy and its covariance with other policies and assets held by the insurer.  The appropriate 
allocation of capital to a policy would be that amount required to maintain the insurer’s credit 
status; i.e., the addition of the policy and the accompanying capital would leave the insurer with 
the same credit status as before.   We thus define a fair price for insurance as a premium that 
provides a fair rate of return on invested equity. 

To illustrate, we construct a somewhat conservative hypothetical example that ignores 
taxes and regulatory constraints.  Consider a portfolio that has $1,000 in expected losses, E(L). Let 
k be the ratio of capital to expected losses for the insurer to maintain its credit rating. For this 
example k=1, a value utilized by many property liability insurers for their combined book of 
business (Doherty, 2000).  

In addition to paying claims, the insurer is assumed to set aside capital for covering 
additional expenses (X) in the form of commissions to agents and brokers, and underwriting and 
claims assessment expenses.  For this example, X = $200.  Given the risk characteristics of the 
portfolio, investors require a return on equity (ROE) of 15 percent to compensate for risk.  The 
insurer invests its funds in lower-risk vehicles that yield an expected return, r, of 5 percent.  What 
premium π would the insurer have to charge its policyholders to cover them against natural 
disasters and to secure a return of 15 percent for its investors?   

 

The formula is given by: 

 
 

which yields a value of π = $1,274 for this hypothetical example.  We can think of this premium 
now as the expected loss of $1,000 plus a proportionate loading, λ, of 0.274.  Thus, the premium 
is (1+λ)E(L) = (1 + 0.274)$1,000 =  $1,274 

This calculation is very sensitive to the ratio of capital to expected liability, k, needed to 
preserve credit.  In the above example, the ratio was one dollar of capital for one dollar of 
expected liability. This ratio is in the ballpark for the combined books of business of many 
property liability insurers.  However, for catastrophic risk, with its very large tail risk (which 
severely affects the insurer’s credit risk), the capital to liability ratio needs to be higher.  Indeed, 
the capital to liability ratio depends on volatility of the catastrophe liability and its correlation 
with the insurer’s remaining portfolio. For the catastrophe risk premium for individual 
homeowners, this may translate into a loading, λ, perhaps approximating 0.5.  Thus the premium 
would be 150 percent of the expected loss.  This does not reflect undue profitability, but simply 
that insurers need considerable capital to supply this insurance and the cost of that capital is 
included in the premium.  

A second issue with respect to catastrophic risk is that it can be expensive to underwrite 
since it requires extensive modeling.  Many companies buy commercial models and/or use their 



 25

own in-house modeling capability.  We recalculate the premium formula with X = $600 and k = 
5.  The required premium is now $2,964, more than twice the value of π computed above and 
now nearly three times the expected loss.  Notice this translates into a loading, λ, of 1.965, so the 
premium is (1+λ)E(L) =  (1 + 1.965)$1,000  =  $2,965 

There are other considerations that can dramatically increase the capital cost, notably the 
impact of double taxation.  Harrington and Niehaus (2001) have simulated the tax burden over 
many parameters and show that tax costs alone can reasonably be as much as the claim cost and 
lead to further increases in premiums.  When we account for all these factors (i.e., high capital 
inputs, transaction costs and taxes), catastrophe insurance premiums often are several multiples 
of expected claims costs.   

Cost of Capital in Mortgage Lending   There are parallels between insurance and mortgage 
lending with respect to the importance of incorporating the cost of capital in pricing decisions.  
U.S. mortgages range from adjustable-rate mortgages (ARMS) to 30-year (or now even 40-year) 
fixed-rate mortgages. The experience with the rates on ARMs confirms that the premium 
changes must be linked to some external index beyond the control of the lender. Lending banks, 
of course, wanted to tie the rates on their adjustable mortgages to their own cost of funds. The 
Federal Home Loan Banks obliged by creating a Cost of Funds Index (COFI) for the lending 
institutions in their regions. While a number of mortgages were created on the basis of COFI, it 
lost out in the marketplace to a more transparent measure, namely the yield on Treasury bills of 
various maturities. 

 
The cost of capital for fixed-rate mortgages is a more serious issue, particularly because 

bank depositors are generally unwilling to accept certificates of deposit with maturities beyond 
even 1 or 2 years. The main solution was the securitization of fixed-rate mortgages, which 
provided a highly efficient mechanism for the lenders to sell the mortgages. GNMA MBS are the 
simplest case, since they have a full U.S. government guarantee. The spread between the 
mortgage rate paid by the borrower and U.S. Treasury bonds consists of 4 main components (i) a 
fee of perhaps 25 basis points (bps) paid to the FHA or VA for the mortgage guarantee; (ii) a fee 
also of perhaps 25 bps paid to the Servicer who runs the securitization; (iii) a market cost of 
perhaps 50 bps that investors require for accepting the prepayment option provided to the 
borrowers; and (iv) a market illiquidity premium of perhaps 25 bps required by investors. The 
spread of somewhat more than 1 percentage point between FHA/VA mortgage rates and U.S. 
Treasury bond rates makes the U.S. mortgage market the most efficient in the world. 

 
The largest share of fixed-rate mortgages today in U.S. mortgage markets are 

“conforming mortgages” that meet the conditions for purchase and securitization by Fannie Mae 
and Freddie Mac, the two enormous government sponsored enterprises (GSEs). The GSEs have 
been creating MBS since the early 1970s, and they now are associated with close to half of all 
U.S. mortgages. Although the underlying mortgages have default risk, investors generally price 
the GSE MBS as if there is no default risk, based on the presumption of an implicit guarantee 
from the U.S. government. The resulting spread between the interest rates on “conforming 
mortgages” and U.S. Treasury rates is thus generally only a bit larger than the FHA/VA spread. 
However, when trust in the implicit guarantee weakens, then the spread widens, possibly even 
doubles; this is currently the case due to investor fears created by the subprime mortgage crisis. 
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The last component of fixed-rate mortgages are non-conforming mortgages that will not 
be purchased or securitized by the GSEs, either because they are too large or too risky. This 
includes “prime jumbo” mortgages as well as subprime mortgages. Non-conforming mortgages 
have been securitized since the mid-1980s.  Investors in these MBS face a definite default risk, 
and the market has succeeded as a result of the innovation of using a senior/junior structure—
hence the term “structured finance”—that allows the risk to be allocated among various investors 
depending on their risk tolerances.  That is, the cash flows from the underlying mortgages are 
allocated first to the most senior tranche until it is redeemed, then to the next most senior, and 
down the priority schedule.  Mortgage defaults are charged first to the lowest tranche and then 
work their way up the structure. The various tranches are evaluated by the rating agencies, with 
the most senior tranches normally receiving AAA ratings and intermediate tranches receiving B 
to BBB ratings.  The most risky tranches are normally not rated, since they are either held by the 
issuer or sold in a private transaction to an informed investor such as a hedge fund.  The effect of 
this structure is that non-conforming mortgage rates have historically averaged only about 25 bps 
higher than conforming mortgage rates, although these spreads are currently wider as a result of 
the subprime mortgage crisis. 

 
The overall conclusion is that the cost of capital issue for long-term mortgages has been 

very effectively solved by a combination of ARMs that are held in lender portfolios and 
securitization which allows fixed-rate mortgages to be sold to capital market investors.  The 
investors purchasing these MBS are primarily institutional investors, including mutual bond 
funds, pension and hedge funds, and insurance companies. Foreign investors, particularly Asian 
investors have also become an important investor class as a result of the U.S. trade deficit.29 
 
6.  DESIGNING OPTIMAL CONTRACTS   
 
6.1. Relevant Literature in Economics, Insurance and Finance 
 

An extensive literature now exists on the optimal design of financial securities and 
contracts.30  The mechanism used to design securities in this literature assumes an economic 
decision-making environment with actions of the various economic agents affected by income, 
consumption and balance sheet constraints. Other features of the market, such as transaction 
costs, incomplete contracts and asymmetric information must also be specified. A solution is a 
contract that maximizes consumer expected utility subject to the above constraints. This often 
has a highly mathematical and abstract form. A real-world approximation to the abstract optimal 
contract is then proposed. 

To illustrate, debt contracts—in which the borrower promises to make specified 
payments, while the lender has the rights to certain assets if (and only if) the borrower fails to 
make the scheduled payments—can be derived as the optimal design when lenders face large 
costs of verifying the borrower’s ability to repay.  The debt contract is optimal because the 
lender needs to verify the borrower’s cash flow only in the hopefully infrequent situations in 
which the borrower fails to make the scheduled payments. A recent example is the paper by 
Piskorski and Tchistyi (2006) which derives certain features of subprime mortgages as the 

                                                 
29 For more details, see Bardhan and Jaffee (2007).   
30 See Allen and Gale (1994) for a book-length survey.  
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optimal design when borrowers have highly uncertain and fluctuating income, and where direct 
observation of their consumption and saving is impossible.  With this background, we now turn 
to a model for designing a LTI contract. 

 
6.2. A Two-Period Model for LTI  

 
Here we propose a simple model that highlights some of the tradeoffs facing insurers and 

policyholders who have the option to purchase either a long-term (LT) policy at a fixed premium 
for each of the two periods or two one-period contracts.  For such a comparison to be 
meaningful, it is necessary that insurance premiums reflect risk.31 This is a key principle that has 
guided the recent Wharton Risk Center (2008) study.  This principle is formulated as follows: 
Insurance premiums should be based on risk in order to provide signals to individuals as to the 
hazards they face, and to encourage them to engage in cost-effective mitigation measures to 
reduce their vulnerability to catastrophes.32    

 
Assumptions 
 

We assume a competitive market in which insurers are homogenous and maximize 
expected profits.  Consumers are homogenous and buy full coverage for periods 1 and 2. Insurers 
offer an LT policy or two one-period policies. At the beginning of period 1, experts provide a 
single estimate of a disaster occurring in period 1; however, they are uncertain as to whether 
there is a high (H) or low (L) probability of a disaster in period 2. At the end of period 1, insurers 
and consumers both learn whether the probability of a disaster in period 2 is H or L.   
 
Notation  
 
Z1  = insurance premium in period 1 for a one-period policy   
Z2  = insurance premium in period 2 for a one-period policy   
Z(LT) = fixed insurance premium per period for LT coverage if consumer stays with insurer for 
two periods 
Z′(LT) = total amount that the insurer needs to collect from the insured under LT coverage if 
consumer cancels policy after period 1  
C  = penalty cost to consumer if  he cancels an LT policy at the end of period 1  
D  = insured damage if disaster occurs 
p1  = probability of  D in period 1 
p2H = high probability of a disaster in period 2  
p2L = low probability of a disaster in period 2 
 

                                                 
31 As stated in the 2007 Economic Report of the President, which for the first time devotes an entire chapter to the 

question of catastrophe risk insurance, “Effective insurance underwriting serves an important social function by 
tying the premiums and terms of insurance policies to the risks covered. When insurance prices reflect underlying 
economic costs they can encourage a more efficient allocation of resources. Efforts to keep premiums for insurance 
against catastrophe hazards artificially low, whether through regulation or through subsidized government programs, 
can encourage excessively risky behavior on the part of those who might be affected by future catastrophes.” (White 
House, 2007, Chapter 5, p. 122-123). 

32 See Wharton Risk Center (2008). 
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We assume p2L< p1< p2H 
a = weight placed by experts in period 1 on the likelihood of p2L in period 2 

M = upfront cost to insurer of marketing a policy  
A = administrative cost per period of processing a policy  
λ = cost of capital held by the insurer to cover potential damage  
 
Premiums Charged by Insurer for One-Period Insurance 
 
 

Z1  = (1+λ) p1D  + M  + A                     (1) 
Z2L  = (1+λ) p2LD + M + A    with likelihood a            (1a) 
Z2H  = (1+λ) p2HD + M + A   with likelihood (1-a)         (1b) 

 
 
Premium Charged by Insurer for LT Insurance 
 

For simplicity we assume that the discount factor is zero between the period 1 and period 
2 costs. If the consumer purchases a LT contract then she will pay the same premium Z(LT) in 
each of the two periods, which is: 
 
   Z(LT) = ½{M +2A + (1+λ) [p1 D + a p2L D + (1-a) p2H D]}     (2a) 
 
The premium in (2a) reflects the upfront costs of marketing a policy, the administrative costs in 
each period and the expected losses with the appropriate adjustment for the cost of capital.  

 Consumers are given the right to cancel an LT contract at the end of period 1 but at a 
cost.  The insurer marketing an LT contract knows that if the probability of a disaster in period 2 
is p2L then a consumer will be able to purchase coverage more cheaply from an insurer offering a 
separate policy to cover losses in period 2.  If the consumer cancels its LT contract at the end of 
period 1, then the LT insurer wants to make sure it receives Z′(LT) in period 1 to cover its 
administrative cost and cost of capital incurred in period 1 and  its expected loss for period 1. 
Since the consumer leaves at the end of period 1, the insurer is not liable for period 2, except for 
the cost of capital held during period 1 for covering the potential loss to the insured in period 2.   
 
The value of  Z′ (LT) is:  
 

Z′ (LT) = M + A + p1 D + λ[p1 D + a p2LD + (1-a) p2HD]     (2b) 
 
where λ.[p1 D + a p2L D + (1-a) p2H D] represents the cost of the capital to the insurer in period 1 
to cover potential losses occurring in either period 1 or 2. 
 
The difference C = Z′ (LT) - Z(LT) can be viewed as a penalty cost imposed on the insured who 
decides to leave the two-period contract at the end of period 1. More specifically: 
 

C = 0.5{M + (1+λ) p1 D + (λ-1)[a p2L D + (1-a) p2H D]}      (2c) 
 



 29

As discussed in section 5, λ can easily vary from 0.1 to 2 or 3 for truly catastrophe risks. In the 
latter case, the penalty cost can be substantial.  
 

When does the insured have an incentive to leave at the end of period 1?  The consumer 
has to balance the price charged in period 2 under a two-period contract with what she can get 
elsewhere for a coverage (Z2L) when the probability of a loss is p2L and there is a  penalty cost C 
specified by equation (2c). This condition can be written as follows: 
 

Z2L + C < Z(LT)         (3a) 
 
Equation (3) can be written as  
 
          C < ½{M + 2A + (1+λ) [p1 D + a p2L D + (1-a) p2H D]} – {M + A + (1+λ) p2LD}     (3b) 
 

C < 0.5(1+λ)[p1 D + (1-a)p2H D + (a-2)p2LD] – 0.5M                                     (3c) 
 
Let the RHS of  (3c)  be denoted as C*.  Then if C < C*, the insured would have an interest in 
leaving and purchasing a new policy for period 2.   If the insurer sets the penalty cost so that  
C > C*, then the insured will have an incentive to stay for the second period and pay Z(LT) even 
though she knows the probability of a disaster in period 2 is p2L.   
 
 
6.3. Choosing Between Two One-Period Policies and an LT Policy  
 
Notation 
 
b = likelihood of the insurer canceling homeowner’s policy at end of period 1  
S1  = search cost to consumer at end of period 1 for a new policy if insurer cancels policy at the 
end of period 1 
S2   = search cost in period 2 if consumer decides to cancel LT policy33 
Z* = cost of an LT policy if probability of loss in period 2 is p2H 
Z** = cost of an LT policy if probability of loss in period 2 is p2L 
Z(ST) = cost of two one-period policies (ST for short term) 
Z(LT) = cost for each period of a long term contract 
 
Cost of Two One-Period Policies 
  

The total cost of two one-period policies purchased at the beginning of period 1 and 
period 2 are: 
      Z(ST) =  Z1  +  b S1 + Z2   
  

                                                 
33 The reason search costs are different is that when an insurer cancels a policy (S1) and when the insured cancels it 

(S2) is due to different market conditions. When an insurer cancels (for instance because the insured is viewed as too 
exposed or in the aftermath of a catastrophe in order to reduce the insurer’s exposure in a given area) it will be much 
harder to find another insurer than when an insured cancels.  
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A consumer who is considering an LT policy is faced with two situations.  If experts 
estimate the probability of a disaster in period 2 to be high (i.e., p2H) then the homeowner has no 
incentive to cancel her policy. On the other hand, if the experts estimate the probability of a 
disaster in period 2 to be low (i.e., p2L) then the homeowner may wish to incur the penalty cost of 
canceling the LT policy at the end of period 1 and search for another policy at a lower cost in 
period 2.  
 
Optimal Choice by Consumer  
 

To determine the optimal choice by the consumer in period 1, one needs to determine the 
total premium (Z*) if the consumer purchases an LT policy in period 1 and the probability of a 
disaster in period 2 is revealed to be  p2H  and the premium (Z**) if the probability of a disaster 
in period 2 is revealed to be  p2L.  More specifically: 
 

Z*  =  2 Z(LT) 
 

Z** = Z (LT) + min {(S2   + C + Z2L), Z(LT)} 
 
The expected cost  E(Z) of an  LT Policy  at the beginning of period 1 is  thus:    
 
       E(Z) =  (1-a) Z*  + aZ** 
 
The optimal choice by the consumer is given by the following decision rule: 
 

Purchase two 1- period policies if   Z(ST)   <  E(Z)  
  Purchase an LT policy in period 1 if   Z(ST)   >   E(Z)  
  
 
Conditions Leading to Preference for an LT Policy  

In a competitive market there are several factors that will make an LT policy attractive to 
consumers over two one-period policies: 

(1) If the consumer believes that there is a high likelihood that the insurer may cancel 
the policy at the end of period 1 (i.e., a high value of b)  

(2) If there is a high search cost for a new policy in period 2 if either the insurer cancels 
the policy (i.e., a high value of S1)  or the consumer decided to look for a cheaper policy 
in period 2 (i.e., a high value of S2) 
   
(3)  There is a high penalty cost to the consumer for defaulting on an LT policy (i.e. a        
high value of C) 
 
(4)  The importance to the consumer of having stability with respect to her insurance        
contracts and peace of mind in knowing that she is fully protected against damage        
from disasters as long as she owns her home 
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6.4. The Benefits of Long-Term Insurance for Risk-Averse Homeowners 
  

We now demonstrate that risk-averse homeowners will prefer fixed-price LT insurance 
over a sequence of one-period variable-price contracts if insurance premiums are actuarially fair 
(premiums equal expected insurance reimbursements), and that consumers maximize expected 
utility with respect to a time separable utility functions.  We use the well known proof of Arrow 
(1963) of the optimality of full insurance to motivate the analysis. For a one-period model, the 
consumer maximizes expected utility EU: 
 

EU = (1-p)U[W – pI] + pU[W – pI – (D-I)]  
 

where 
p = probability of the loss event 
I =  the amount of the insurance 
D = the amount of loss if the event occurs 
W = initial wealth 

 
The first term is the utility if the disaster does not occur, weighted by its probability.  The second 
term is the weighted utility if the disaster reduces wealth by (D – I) (i.e. the amount of uninsured 
damage). The first order condition shows that it is optimal to purchase full coverage, making D = 
I so that the utility in both states is the same, namely U(W – pD). 
 
 Now consider a consumer with a 2-period horizon and a time separable utility function, 
with the discount rate assumed to be zero. This can be written as: 
 

U = U1[W, p1, I1, D] + U2[W, p2, I2, D]. 
 
U1 and U2 are the utility functions for periods 1 and 2 respectively, p1 and p2 are the event 
probabilities for the two periods with the damage remaining the same whether the disaster occurs 
in period 1 or 2 and Ii  represents the amount of insurance purchased in period i.  
 

For this two-period horizon, we first assume the consumer is offered only a sequence of 
one-period contracts. In particular, we assume the actuarially fair premium for period 2 is not 
determined until the end of period 1. The consumer will still purchase full coverage in both 
periods, since she faces actuarially fair premiums in both periods. 

  
Now assume instead, that a long-term contract is available at the beginning of period 1, 

offering the consumer actuarially fair insurance to cover possible events in both periods 1 and 2. 
Given the time separable structure of the problem and the actuarially fair premiums, it is clear 
that the consumer will choose full insurance in both periods; that is, I1 = I2 = D. Further, given 
the concavity of the utility function, the consumer will always prefer to be charged a fixed per 
period premium (P) to cover the losses in periods 1 and 2  [i.e.,  P = .5 (p1 + p2) D] rather than a 
variable premium for period 2.  Figure 9 shows that the utility at P will exceed the expected 
utility based on uncertain but equally likely premiums of P-ε or P+ε. 
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FIGURE 9: EXPECTED UTILITY AS A FUNCTION OF WEALTH AND FIXED VERSUS VARIABLE PREMIUMS 
 
 
6.5. Social Welfare Implications 
 
 Based on the two-period model, one can determine the social welfare implications of 
providing long-term insurance (LTI) contracts to consumers in a manner similar to analyses 
undertaken by Arrow (1963) in his path breaking study on the welfare benefits of insurance 
markets. Although Arrow’s paper is written in the context of the market failure for medical 
insurance, it is remarkable that almost all his points apply today to similar market failures with 
respect to the provision of catastrophe insurance. For example, Arrow’s discussion focuses on 
such issues as the welfare loss when insurance markets or contracts are incomplete, when there 
are search costs and administrative costs, when there can be high variability in the risk level, and 
when there is informational asymmetry or moral hazard. He also emphasizes the welfare loss 
when the absence of insurance markets causes individuals to forgo activities that they would 
otherwise pursue. Finally, in passing (p. 964), he mentions the benefits of “insurance with a 
longer time perspective” that might have level premiums as illustrated by life insurance.  
  
 As pointed out in Section 3, LTI encourages individuals who are myopic in their thinking 
to invest in cost-effective mitigation measures where they would not do so if they had purchased 
one-period contracts. In addition, LTI reduces transaction costs from the consumer’s and 
insurer’s point of view. More specifically, an insurer who offers an LTI policy has reduced 
marketing costs (M) since this is only incurred at the time the contract is offered rather than at 
each period. Similarly, consumers with single-period policies whose contracts are canceled at the 
end of period 1 are able to avoid the search costs (S1) of looking for another policy by buying an 
LTI policy.  The expected social welfare benefits to the consumer based on our two-period 
model are  bS1.   
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7. OPEN QUESTIONS FOR DESIGNING CONTRACTS 
 

There are a number of issues and questions associated with the development of a long-
term insurance policy which have a direct impact on insurers and homeowners, and indirect 
effects on other stakeholders, which require further research and analysis.  Some of the issues 
that need to be resolved include: 
 
7.1. Nature of the Contract   
 

Long-term insurance could be offered by insurers in the form of a fixed-price contract 
(FPC) for the full term of the policy (e.g., 20 years) or an adjustable premium contract (APC) at 
a variable premium with guaranteed renewal for the term of the policy.  The annual premium 
would be reset based on an index that would have to be simple and transparent. Policyholders 
will want the option to terminate the contract; mortgage markets provide examples of both good 
and bad practices.  On FPCs, formal arrangements to make the insurer whole through provisions 
such as yield maintenance and defeasance (the two most common methods for dealing with 
prepayment costs on commercial mortgages) may be necessary.  On APCs, the borrower would 
want the right to terminate the contract without cost within a certain time period of a premium 
increase notification (e.g., 3 months).     
 
7.2. Understanding Terms of the Contract 

Those who purchase insurance policies often have a difficult time understanding every 
aspects of the terms of the contract – what risks are covered, what risks are not, and the basis for 
being charged a specific rate.  The problem is likely to be compounded for a long-term insurance 
contract.  There is an opportunity for insurers to educate consumers as to the basis for the 
premiums they charge by providing more detail on the types of risks that are covered and the 
amount charged for different levels of protection.  More specifically, insurers could break down 
the premium into coverage against fire, theft, wind damage and other losses included in a 
homeowners policy, and how the premium varied with the length of the long-term contract.   

It would be very beneficial for insurers to reveal this information, so that homeowners 
will be able to make better decisions by understanding the nature of the contract and what 
alternative options cost them.  They will then be able to make tradeoffs between costs and 
expected benefits – impossible for them to do today.  Thaler and Sunstein (2008) argue for this 
type of information disclosure by proposing a form of government regulation termed RECAP 
(Record, Evaluate and Compare Alternative Prices).  They recommend that the government not 
regulate prices but require disclosure practices – not in a long, unintelligible document, but in a 
spread-sheet-like format that includes all relevant formulas.   
 
7.3. Risk-Exposure and Capital Cost Indices 

We discussed the importance of transparent indexes on which prices can be determined 
for the long term as well as modified on a regular basis (example of adjustable-rate insurance). 
The question of who has the capacity and legitimacy to develop such indexes will be important 
to address if one wants a large LTI market to develop.  
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7.4. Protection Against Catastrophic Losses 
One would also need to know how the rating agencies will view long-term FPC 

commitments, since the insurer is now locked into the premium even if the expected losses rise.  
To protect themselves against possible increases in the probability of catastrophic losses over 
time, insurers marketing FPCs would have to be able to invest in cat bonds or other forms of 
securitized risks.  Some type of government guarantee might be necessary to deal with both 
insurers’ and policyholders’ concerns with respect to the ability to pay claims in the future 
following a catastrophic loss. In principle, insurers could raise funds by issuing new equity under 
these circumstances, but this is usually not a practical alternative.34 Another possibility is for the 
government to use an auction process to provide reinsurance coverage on an ex ante basis.35 Still 
another possibility is for the government to stand ready to make loans to insurers after an event.36 
The latter mechanism would allow the government to function as a lender of last resort to 
insurance firms just as the Federal Reserve does currently to commercial banks (and, in the case 
of Bear Stearns, to investment banks). 

 
As for the pricing of the product, FPC premiums would likely be somewhat higher than 

APC premiums to protect insurers against an increase in the risk during the contract period.  This 
behavior would be similar to the pricing of fixed-rate mortgages relative to adjustable-rate 
mortgages.  One of the central issues will be how high the price of a long-term contract will be, 
given the ambiguities associated with the risk and the capital costs for covering catastrophic 
losses.  Without some type of protection against large losses either through long-term risk 
transfer instruments (which currently do not exist) and/or a government reinsurance program at 
the state or federal level, the premiums for FPCs are likely to be extremely high so that there 
would be little demand for this type of coverage.  
 
7.5. Requiring Insurance Coverage 

It is worth considering that insurance should be required on all residential property. This 
would not be a radical change from the current situation – homeowners who have a mortgage are 
normally required by the bank which finances the loan to purchase coverage against wind 
damage for the length of the mortgage. Similarly, those in flood-prone areas are required to 
purchase flood insurance under the National Flood Insurance Program if they have a federally 
insured mortgage. Insurance coverage is required today for other consumer purchases. Today in 
all states, motorists must show proof of financial responsibility on their automobile insurance 
policy, or bodily injury and property damage liability in order to register their car.  

If all homes were required to be covered by a homeowners policy, insurers would be able 
to more easily diversify their risks and hence reduce the likelihood of suffering catastrophic 
losses over the length of the long-term contract. Another advantage of requiring homeowners’ 
insurance is that it will reduce the likelihood of liberal disaster assistance following the next 
large-scale disaster since victims will be indemnified by their insurer. Some European countries, 
such as France and Spain, have made insurance against catastrophe risks mandatory for all 
(Vallet, 2004; Michel-Kerjan and deMarcellis, 2006).  

                                                 
34  See Jaffee and Russell (1997). 
35  See Lewis and Murdoch (1996). 
36  See Jaffee and Russell (2008). 
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7.6. Role of Key Stakeholders  
Some of the open questions regarding the role of key stakeholders which require further 

analysis and discussion are:  
 

• Under what circumstances could a property owner change her insurance policy over 
time? 

• What role would the modeling companies and the scientific community studying climate 
science play in providing estimates for developing risk-based premiums and suggesting a 
rationale for changes over time as new risk models become available?  How would 
insurers deal with significant changes in risk estimates over time?   

• What types of risk transfer instruments would have to emerge from the reinsurance 
market as well as from the capital markets to protect insurers against catastrophic losses 
and changes in risk estimates over time?  Can the maturity of insurance-linked securities 
be extended to 10 or 20 years? Could we develop a secondary market on which some of 
that risk could be tranched and transferred to a broader basis of speculators as a new type 
of asset?37  

• How would rating agencies consider LTI products in evaluating the financial strength of 
insurance and reinsurance companies? 

• How concerned will consumers be at possible insolvency of insurers providing long-term 
contracts, and what steps should be taken to protect homeowners should this occur? 

• What role would the public sector play in providing protection against catastrophic 
losses? How could different levels of government (federal, state and local) enhance the 
development of LTI to be linked to long-term risk-protection loans tied to the property? 

• Would flood insurance, which is provided today through the federal National Flood 
Insurance Program, be a natural candidate for LTI? What about other catastrophic risks, 
such as earthquakes? 

  
 Whether long-term insurance will be attractive to insurers, homeowners, regulators and 
other relevant stakeholders will certainly depend on the market conditions that come with it.  
What is clear today, however, is that we need innovative programs for reducing future losses 
from disasters that involve combined strengths of the public and private sectors.  For insurance, 
to play an important role in this regard, one needs to understand what a policy can and cannot do 
as a function of the nature of the risk, the type of coverage provided by the insurer and the 
premium structure.  

                                                 
37 In the U.S. Treasury’s March 2008 report, “Blueprint for a Modernized Financial Regulatory Structure,” a federal 

regulatory structure for the insurance industry is recommended. The report also offers a variety of recommendations 
concerning the future regulation of securitization. 
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