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This paper describes the challenges that consumers, insurers and insurance regulators face in
dealing with insurance for low-probability, high-consequence events. Given their limited experi-
ence with catastrophes, there is a tendency for all three parties often to engage in short-term
intuitive thinking rather than long-term deliberative thinking when making these insurance-related
decisions. Public–private partnerships can encourage investment in protective measures prior to a
disaster, deal with affordability problems and provide coverage for catastrophic risks. Insurance
premiums based on risk provide signals to residents and businesses as to the hazards they face
and enable insurers to lower premiums for properties where steps have been taken to reduce risk.
To address issues of equity and fairness, homeowners who cannot afford insurance could be given
vouchers tied to loans for investing in loss reduction measures. The National Flood Insurance
Program provides an opportunity to implement a public–private partnership that could eventually
be extended to other extreme events.
The Geneva Papers (2015) 40, 741–762. doi:10.1057/gpp.2015.14

Keywords: natural disasters; flood insurance; earthquake insurance; disaster insurance;
terrorism; public–private partnerships

published online 3 June 2015

Introduction

The number of Presidential disaster declarations in the United States has dramatically
increased over the past 50 years. Figure 1 depicts the total number of Presidential disaster
declarations and those that were triggered by flooding events (inland flood and storm surge
from hurricanes). This pattern highlights the need to encourage those at risk to invest in loss
reduction measures prior to a disaster rather than waiting until after the event occurs.
Insurance coupled with other risk management programmes can play an important role, as it
is designed to spread and reduce risk. Each policyholder pays a relatively small premium to
an insurer who can then cover the large losses suffered by a few. Ideally, those who invest in
loss prevention measures are rewarded by having the price of their coverage reduced to
reflect their lower expected claims payments.

† This paper has been granted the 2015 Shin Research Excellence Award—a partnership between The Geneva
Association and the International Insurance Society—for its academic quality and relevance by decision of a
panel of judges comprising both business and academic insurance specialists.



Insurance against low-probability, high-consequence (LP-HC) events presents a special
challenge for individuals at risk, insurers and regulators, for good reason. Decision-makers
have limited experience with these events and even experts are likely to conclude that there is
considerable uncertainty as to the probability of these events occurring and their resulting
consequences. As a result, insurance decisions often differ from those recommended by
normative models of choice.
Consider the following examples:

Example 1: Most homeowners in flood-prone areas do not voluntarily purchase flood
insurance—even when it is highly subsidised—until after they suffer flood
damage. If they then do not experience losses in the next few years, they are
likely to cancel their policy. Similarly, demand for earthquake insurance in
California increased significantly after the Northridge earthquake of 1994—
the last severe quake in the state; today relatively few homeowners have
coverage.

Example 2: Prior to the terrorist attacks of 11 September, 2001, actuaries and underwriters
did not price the risk associated with terrorism nor did they exclude this
coverage from their standard commercial policies. Their failure to examine the
potential losses from a terrorist attack was surprising given the truck bomb that
al Qaeda detonated below the North Tower of the World Trade Center in 1993,
the 1995 Oklahoma City bombing and other terrorist-related events throughout
the world. Following 9/11, most insurance companies refused to offer coverage
against terrorism, considering it to be an uninsurable risk.

Example 3: State insurance regulators sometimes have restricted insurers from setting
premiums that reflect risk, in part to address equity and fairness issues for
those in need of homeowners’ insurance. For example, following Hurricane
Andrew in 1992, the Florida insurance commission did not allow insurers to
charge risk-based rates and restricted them from cancelling existing homeowners’
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Figure 1. Number of U.S. Presidential Disaster Declarations:1958–2010.
Source: Michel-Kerjan et al. (2012).
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policies. After the severe hurricanes of 2004 and 2005 in Florida, the state-
funded company, Citizens Property Insurance Corporation that had been the
insurer of last resort, offered premiums in high-risk areas at subsidised rates,
thus undercutting the private market. Today, Citizens is the largest provider
of residential wind coverage in Florida.

The above three examples indicate that insurance today is not effectively meeting two of
its most important objectives:

● providing information to those residing in hazard-prone areas as to the nature of the risks
they face;

● incentivising those at risk to undertake loss reduction measures prior to a disaster.

The insurance industry played both of these roles very effectively when the factory mutual
companies were founded in the 19th century, as detailed in Box 1. This paper proposes a
strategy for insurance to take steps to return to its roots. The examples and empirical data
presented here are taken primarily from experience in the United States; however, the
concepts have relevance to any country that utilises insurance to protect its residents and
businesses against potentially large losses.
The next three sections explore the rationale for the actions taken by each of the interested

parties illustrated in the above three examples by focusing on their decision processes prior
to and after a disaster. I then propose two guiding principles for insurance and outline a long-
term strategy with roles for the private and public sectors if these principles are implemented.
Reforming the National Flood Insurance Program (NFIP) to encourage mitigation for
reducing future losses while providing financial protection to those at risk is a target of

Box 1 How Factory Mutuals Used Insurance as an Effective Policy Tool

In 1835, Zachariah Allen, a prominent textile mill owner, improved his property to reduce the likelihood of fire
loss and requested a reduction in his insurance premium. When his request was denied, he called upon other
local textile mill owners who shared his loss prevention philosophy to create a mutual insurance company that
would insure only factories that had undertaken risk reduction measures. The premiums remaining at the end of
the policy period would be returned to policyholders in the form of dividends.1

Over the next 20 years, a number of mutual insurance companies were formed. The mutuals required
inspections of factories prior to issuing a policy and after insurance coverage was in force. Poor risks had their
policies cancelled; premiums reflected risk and were reduced for factories that instituted loss prevention
measures. For example, the Boston Manufacturers worked with lantern manufacturers to encourage them to
develop safer designs and then advised their policyholders that they had to purchase lanterns from those
companies meeting their specifications. In many cases, factory mutual companies would provide coverage
only to firms that adopted specific loss prevention methods. For example, one company, the Spinners Mutual,
only insured risks where automatic sprinkler systems were installed.2 Today FM Global continues to play this
role. They work closely with their policyholders to reduce risk threats to their property by undertaking cost-
effective loss prevention measures.

1 FM Global (2011).
2 Bainbridge (1952); Kunreuther and Roth, Sr (1998).

Howard Kunreuther
Role of Insurance in Reducing Losses from Extreme Events

743



opportunity that should be seriously considered. The concluding section suggests directions
for future studies and research so that insurance can play a central role in reducing losses
from extreme events.

Intuitive and deliberative thinking

A large body of cognitive psychology and behavioural decision research over the past 30
years has revealed that individuals and organisations often make decisions under conditions
of risk and uncertainty by combining intuitive thinking with deliberative thinking. In his
thought-provoking book Thinking, Fast and Slow,3 Nobel Laureate Daniel Kahneman has
characterised the differences between these two modes of thinking. Intuitive thinking
(System 1) operates automatically and quickly with little or no effort and no voluntary
control. It is often guided by emotional reactions and simple rules of thumb that have been
acquired by personal experience. Deliberative thinking (System 2) allocates attention to
effortful and intentional mental activities where individuals undertake trade-offs and
recognise relevant interdependencies and the need for coordination.
Choices are normally made by combining these two modes of thinking and generally result

in good decisions when individuals have considerable past experience as a basis for their
actions. With respect to LP-HC events, however, there is a tendency to either ignore a potential
disaster or overreact to a recent one, so that decisions may not reflect expert risk assessments.
For example, after a disaster, individuals are likely to want to purchase insurance even at high
prices, while insurers often consider restricting coverage or even withdraw from the market. In
these situations, both parties focus on the losses from a worst-case scenario without adequately
reflecting on the likelihood of this event occurring in the future.

Impact of intuitive thinking on consumer behaviour

Empirical studies have revealed that many individuals engage in intuitive thinking and focus
on short-run goals when dealing with unfamiliar LP-HC risks.4 More specifically, individuals
often exhibit systematic biases such as the availability heuristic, where the judged likelihood of
an event depends on its salience and memorability.5 There is thus a tendency to ignore rare
risks until after a catastrophic event occurs. This is a principal reason why it is common for
individuals at risk to purchase insurance only after a large-scale disaster.

Purchase of f lood insurance

A study of the risk perception of homeowners in New York City revealed that they
underestimate the likelihood of water damage from hurricanes. This may explain why only
20 per cent of those who suffered damage from Hurricane Sandy had purchased flood
insurance before the storm occurred.6

3 Kahneman (2011).
4 Cutler and Zeckhauser (2004); Krantz and Kunreuther (2007); Kunreuther et al. (2013c).
5 Tversky and Kahneman (1973).
6 Botzen et al. (2015).
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An in-depth analysis of the entire portfolio of the NFIP in the United States revealed that
the median tenure of flood insurance was between two and four years, while the average
length of time in a residence was seven years. For example, of the 841,000 new policies
bought in 2001, only 73 per cent were still in force one year later. After two years, only
49 per cent were in force and eight years later only 20 per cent. Similar patterns were found
for each of the other years in which a flood insurance policy was first purchased.7

One reason that individuals cancel their policies is that they view insurance as an
investment rather than a protective activity. Many purchase coverage after experiencing a
loss from a disaster but feel they wasted their premiums if they have not made a claim over
the next few years. They perceive the likelihood of a disaster, as so low that they do not
pay attention to its potential consequences and conclude they do not need insurance.
A normative model of choice, such as expected utility theory, implies that risk-averse
consumers should value insurance, as it protects them against large losses relative to their
wealth. Individuals should celebrate not having suffered a loss over a period of time rather
than cancelling their policy because they have not made a claim. A challenge facing insurers
is how to convince their policyholders that the best return on an insurance policy is no
return at all.

Purchase of earthquake insurance

Another example that reveals how the availability bias affects the choice process is the
decision of California homeowners on whether to purchase earthquake insurance. Surveys of
owner-occupied homes in California counties affected by the 1989 Loma Prieta earthquake
showed a significant increase in the purchase of coverage. Just prior to the disaster, only 22.4
per cent of the homes had earthquake insurance. Four years later, 36.6 per cent had
purchased earthquake insurance—a 64 per cent increase.8

Similarly, the Northridge earthquake of 1994 led to a significant demand for earthquake
insurance. For example, more than two-thirds of the homeowners surveyed in Cupertino
County had purchased earthquake insurance in 1995.9 There have been no severe earth-
quakes in California since Northridge, and only 10 per cent of those in seismic areas of the
state have earthquake insurance today. If a severe quake hits San Francisco in the near future,
the damage could be as high as $200 billion, and it is likely that most homeowners suffering
damage will be financially unprotected.10

Impact of intuitive thinking on insurer behaviour

Two factors play an important role in insurers’ behaviour with respect to pricing and
coverage decisions: the role of past experience and the role of ambiguous risk. We examine
each of these features in turn.

7 Michel-Kerjan et al. (2012).
8 Palm (1995).
9 Palm and Carroll (1998).
10 Risk Management Solutions (2014).
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Role of past experience on supply of insurance

When insurers have experienced significant losses from a particular extreme event, there is a
tendency for them to focus on worst-case scenarios without adequately considering their
likelihood. In some instances, due to extreme losses from hurricanes, floods, earthquakes and
terrorist attacks, insurers determined that they could not continue to market coverage in the
United States without involvement by the public sector. In these situations, either the state or
federal government stepped in to fill the void.

Hurricane wind-related losses
Following catastrophic wind losses from hurricanes in Florida, insurers felt they had to
significantly raise their homeowners’ premiums. Rather than using catastrophe models to
justify rate increases, insurers pointed to their large losses following Hurricane Andrew in
1992 as a basis for demanding higher premiums without considering the likelihood of
another disaster of this magnitude occurring. The insurers were denied these rate increases
and reduced their supply of new homeowners’ policies.11

By the beginning of 2004, most insurers viewed their Florida rates as being close to
adequate except in the highest-risk areas. However, after four major hurricanes battered
Florida in 2004 and two more in 2005, many insurers again began to file for major premium
increases and many of them were denied, or approved at lower increases by the regulators. In
2007, the Florida Office of Insurance Regulation (FLOIR) took a position against any further
rate increases of homeowners’ insurers and denied requests by all insurers. In December
2008, State Farm asked for a 67 per cent increase in premiums that was denied by the
FLOIR, leading the insurer to announce that it would no longer offer homeowners’ coverage
in Florida.12 Five years later (March 2014), State Farm announced that it would again begin
offering homeowners and renters insurance in the state on a limited basis.13

Flood insurance14

Following the severe Mississippi floods of 1927 and continuing through the 1960s there was
a widespread belief among private insurance companies that the flood peril was uninsurable
by the private sector for several reasons: adverse selection would be a problem because only
particular areas are subject to the risk, risk-based premiums would be so high that no
one would be willing to pay them, and flood losses could be so catastrophic as to cause
insolvencies or have a significant impact on surplus.15 This lack of coverage by the private
sector triggered significant federal disaster relief to victims of Hurricane Betsy in 1965 and
led to the creation of the NFIP in 1968.
The NFIP subsidised premiums to maintain property values on structures in flood-prone

areas; new construction was charged premiums reflecting risk. Even though premiums on
existing property were highly subsidised, relatively few homeowners purchased coverage,

11 Grace et al. (2004).
12 For more details on the interaction between regulators and insurers, see Grace and Klein (2007) and Kunreuther

and Michel-Kerjan, (2011, chap. 3).
13 For more details, see www.insurancejournal.com/news/southeast/2014/03/06/322378.htm.
14 For more details on the history of flood insurance and recent developments, see Michel-Kerjan (2010), Michel-

Kerjan and Kunreuther (2011) and Knowles and Kunreuther (2014).
15 Overman (1957); Gerdes (1963); Anderson (1974).
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leading the U.S. Congress to pass the Flood Disaster Protection Act (FDPA) of 1973. This
bill required all properties receiving federally backed mortgages to purchase flood insurance.
The NFIP has grown extensively in the past 40 years; as of January 2015 it had sold more

than 5.2 million policies in 22,000 communities and provided almost $1.3 trillion in
coverage. Insurance tends to be concentrated in coastal states, with Florida and Texas alone
comprising nearly 40 per cent of the entire programme (in number of policies, premiums and
coverage). After making claims payments from Hurricane Katrina in 2005, the NFIP found
itself $18 billion in debt, so that its borrowing authority had to be increased from $1.5 billion
to $20.775 billion. To date, the programme has borrowed nearly $27 billion from the U.S.
Treasury to meet its claims obligations in the aftermath of the 2004, 2005, 2008 and 2012
hurricane seasons.
In July 2012 (three months before Hurricane Sandy), Congress passed and the President

signed the Biggert–Waters Flood Insurance Reform Act of 2012 (BW12), which applied the
tools of risk management to the increasingly frequent threat of flooding. Among its many
provisions, the legislation required that the NFIP produce updated floodplain maps,
strengthen local building code enforcement, remove insurance subsidies for certain proper-
ties, and move towards charging premiums that reflect flood risk.
Soon after becoming law, BW12 faced significant challenges from some homeowners

who had reason to complain that the new flood maps overestimated their risk. These
residents and other homeowners in flood-prone areas felt that their proposed premium
increases were unjustified and that they could not afford the increased premiums that they
would face. In March 2014, Congress passed the Homeowner Flood Insurance Afford-
ability Act (HFIAA14) that required the Federal Emergency Management Agency
(FEMA) that operates the NFIP to draft an affordability framework based on the
recommendations of a National Academy of Sciences’ study that address the affordability
of flood insurance premiums.

Earthquake insurance16

Until the San Fernando earthquake of 1971, few homeowners and businesses in California
had purchased earthquake insurance even though coverage had been available since 1916.
In 1985, the California legislature passed a law requiring insurers writing homeowners’
policies on one- to four-family units to offer earthquake insurance to these residents. The
owners did not have to buy this coverage; the insurers only had to offer it to them. At that
time and still today, banks and financial institutions do not require earthquake insurance as
a condition for a mortgage.
The Northridge earthquake of January 1994 caused insured losses of $20.6 billion,

primarily to commercial structures. In the three years following Northridge, demand for
earthquake insurance by homeowners increased 19 per cent in 1994, 20 per cent in 1995 and
27 per cent in 1996, leading private insurance companies in California to re-evaluate their
seismic risk exposures.17 Insurers concluded that they would not sell any more policies on
residential property, as they were concerned about the impact of another catastrophic
earthquake on their balance sheets. The California Insurance Department surveyed insurers

16 For information on earthquake insurance in the United States, see Roth, Jr (1998).
17 California Department of Insurance (1997–1998).
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and found that up to 90 per cent of them had either stopped or had placed restrictions on the
selling of new homeowners’ policies. This led to the formation of a state-run earthquake
insurance company—the California Earthquake Authority (CEA)—in 1996.

Terrorism insurance18

Following the terrorist attacks of 9/11, most insurers discontinued offering terrorism
coverage given the refusal of global reinsurers to provide them with protection against
severe losses from another attack.19 The few who did provide insurance charged extremely
high premiums to protect themselves against a serious loss. Prior to 9/11, Chicago’s O’Hare
Airport had $750 million of terrorism insurance coverage at an annual premium of $125,000.
After the terrorist attacks, insurers offered the airport only $150 million of coverage at an
annual premium of $6.9 million. This new premium, if actuarially fair, implies the annual
likelihood of a terrorist attack on O’Hare Airport to be approximately 1 in 22 ($6.9 million/
$150 million), an extremely high probability. The airport was forced to purchase this policy
since it could not operate without coverage.20

Concern about high premiums and limited supply of coverage led Congress to pass the
Terrorism Risk Insurance Act (TRIA) at the end of 2002 that provided a federal backstop up
to $100 billion for private insurance claims related to terrorism. The Act was extended in
2005 for two years, in 2007 for seven years and in January 2015 for another six years with
some modification of its provisions each time the legislation was renewed.
In return for federal protection against large losses, TRIA requires that all U.S. primary

insurance companies offer coverage against terrorism risk on the same terms and conditions
as other perils provided by their commercial insurance policies. Firms are not required to
purchase this coverage unless mandated by state law, which is normally the case for workers’
compensation insurance. TRIA also established a risk-sharing mechanism between the
insurance industry, the federal government and all commercial policyholders in the U.S. for
covering insured losses from future terrorist attacks.

Role of ambiguity

After 9/11, insurers determined that they could not offer terrorism insurance because the
uncertainties surrounding the likelihood and consequences of another terrorist attack were so
significant that the risk was uninsurable by the private sector alone. Since terrorists are likely
to design their strategy as a function of their own resources and their knowledge of the
vulnerability of the entity they want to attack, the nature of the risk is continuously evolving.
This dynamic uncertainty makes the likelihood of future terrorist events extremely difficult
to estimate.21

Empirical evidence based on surveys of underwriters reveals that insurers will set higher
premiums when faced with ambiguous probabilities and uncertain losses than for a well-
specified risk. Underwriters of primary insurance companies and reinsurance firms were

18 For more details on the history of terrorism insurance in the United States after 9/11, see Wharton Risk Center
(2005) and Kunreuther et al. (2014).

19 Cummins and Lewis (2003).
20 Jaffee and Russell (2003).
21 Michel-Kerjan (2003).
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surveyed about the prices they would charge to insure a factory against property damage
from a severe earthquake when probabilities and losses were well specified and when the
probabilities and losses were ambiguous. The premiums the underwriters charged for the
ambiguous case were 1.43–1.77 times higher than if underwriters priced a precise risk.22

A recent web-based experiment provided actuaries and underwriters in insurance
companies with scenarios in which they seek advice and request probability forecasts from
different groups of experts and then must determine what price to charge for coverage for
flood damage and wind damage from hurricanes. The average premiums that insurers would
charge was approximately 30 per cent higher for coverage against either of these risks if
the probability of damage was ambiguous rather than well-specified and if the experts
were conflicted over their estimates. The data reveal that they would likely charge more in
the case of conflict ambiguity (i.e. experts disagree on point estimates) than imprecise
ambiguity (i.e. experts agree on a range of probability, recognising that they cannot estimate
the probability of the event precisely).23

Impact of intuitive thinking on regulator behaviour

Rate regulation and restriction on coverage has had more impact on property insurance than
on any other line of coverage, particularly in states that are subject to potentially catastrophic
losses from natural disasters.

Homeowners’ insurance in Florida

Following Hurricane Andrew in August 1992, Florida regulators imposed a moratorium on
the cancellation and nonrenewal of homeowners’ insurance policies during the upcoming
hurricane season for insurers that wanted to continue to do any business in Florida. In
November of 1993, the state legislature enacted a bill that these insurers could not cancel
more than 10 per cent of their homeowners’ policies in any county in Florida in one year and
not cancel more than 5 per cent of their property owners’ policies statewide for each of the
next three years. During the 1996 legislative session, this phase-out provision was extended
until 1 June 1999.24

Early in 2007, Florida enacted legislation that sought to increase regulatory control over
rates and roll them back based on new legislation that expanded the reinsurance coverage
provided by the Florida Hurricane Catastrophe Fund (FHCF). Insurers were required to
reduce their rates to reflect this expansion of coverage, which was priced below private
reinsurance market rates. This requirement applies to every licensed insurer even if an
insurer does not purchase reinsurance from the FHCF.
The Citizens Property Insurance Corporation, Florida’s state-funded company, was

formed in 2002 and has experienced a significant increase in market share of the residential
property market in recent years. Consumers are allowed to purchase a policy from Citizens if
a comparable policy would cost 15 per cent more in the private market. The most serious

22 Kunreuther et al. (1993).
23 Cabantous et al. (2011).
24 Lecomte and Gahagan (1998).
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defect of such a system is that it encourages individuals to locate in high-hazard areas, thus
putting more property at risk than would occur under a market system. This is the principal
reason not to introduce such a system in the first place. Since 2005 there have been no
hurricanes causing severe damage in Florida. But should there be a serious disaster that
depletes Citizens’ reserves, the additional claims are likely to be paid from assessments
(taxes) charged to all homeowners in Florida.

Earthquake insurance in California

As pointed out earlier, when insurers refused to continue to offer earthquake insurance in
California, the state formed the CEA. The CEA set the premiums in many parts of the state at
higher levels than insurers had charged prior to the Northridge earthquake of 1994. At the
same time, the minimum deductible for policies offered through the CEA was raised from 10
per cent to 15 per cent of the insured value of the property. There was no consideration by the
state insurers as to how this change would impact the demand for coverage.
This increased price/reduced coverage combination was not especially attractive to

homeowners in the state. A 15 per cent deductible based on the amount of coverage in place
is actually quite high relative to damages that typically occur. Most homes in California are
wood-frame structures that would likely suffer relatively small losses in a severe earthquake.
For example, if a house was insured at $200,000, a 15 per cent deductible implies that the
damage from the earthquake would have to exceed $30,000 before the homeowner could
collect a penny from the insurer. Given that only 10 per cent of homeowners in California
have quake insurance today, if a major earthquake were to occur in California next year so
that many homes were partially damaged, the uninsured losses could be very high. It is
surprising that there has been little interest by private insurers in offering earthquake
coverage at competing or lower rates to those offered by the CEA, even though there is no
regulation preventing them from doing so.

Guiding principles for insurance

The following two guiding principles should enable insurance to play a more significant role
in the management and financing of catastrophic risks.25

Principle 1—Premiums should reflect risk

Insurance premiums should be based on risk to provide individuals with accurate signals as
to the nature of the hazards they face and to encourage them to engage in cost-effective
mitigation measures to reduce their vulnerability. Risk-based premiums should also reflect
the cost of capital that insurers need to integrate into their pricing to assure an adequate return
to their investors.
Catastrophe models have been developed and improved over the past 25 years to more

accurately assess the likelihood and damages resulting from disasters of different magnitudes

25 These principles are discussed in more detail in Kunreuther and Michel-Kerjan (2011) and Kunreuther et al.
(2013c).
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and intensities. Today, insurers and reinsurers utilise the estimates from these models to
determine risk-based premiums and how much coverage to offer in hazard-prone areas.26

If Principle 1 is applied to risks where premiums are currently subsidised, some residents
will be faced with large price increases. This concern leads to the second guiding principle.

Principle 2—Dealing with equity and affordability issues

Any special treatment given to low-income individuals currently residing in hazard-prone
areas should come from general public funding and not through insurance premium
subsidies. Funding could be obtained from several different sources such as general taxpayer
revenue, state government or by taxing insurance policyholders depending on the response
to the question “Who should pay?” It is important to note that Principle 2 applies only to
those individuals who currently reside in hazard-prone areas. Those who decide to locate in
these regions in the future would be charged premiums that reflect the risk.

Developing long-term strategies for dealing with extreme events

Given the nature of intuitive thinking for LP-HC events, this section proposes strategies for
applying the two guiding principles so that insurance in combination with other policy tools
can reduce future losses from extreme events. The proposed risk management strategy
involves:

● Choice architecture to frame the problem so that the risks are transparent and key
interested parties recognise the importance of purchasing and maintaining insurance while
also undertaking protective measures to reduce their losses from the next disaster.

● Public–private partnerships to assist those who cannot afford to invest in protective
measures and to provide financial protection against catastrophic losses for risks that are
considered uninsurable by the private sector alone.

● Multi-year insurance to provide premium stability to policyholders, lower marketing costs
to insurers and to reduce cancellation of coverage by those at risk.

Choice architecture

The term choice architecture, coined by Thaler and Sunstein,27 indicates that people’s
decisions often depend in part on how different options are framed and presented. Framing
in the context of LP-HC events typically refers to the way in which likelihoods and outcomes
are characterised. One can also influence decisions by varying the reference point or by
changing the order in which alternatives and/or their attributes are presented, or by setting
one option as the no-choice default option.28

26 Grossi and Kunreuther (2005).
27 Thaler and Sunstein (2008).
28 See Johnson et al. (2012).
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Framing the risk
People are better able to evaluate low-probability risks when these are presented via a
familiar concrete context. For example, individuals might not understand what a one-in-a-
million risk means but can more accurately interpret this figure when it is compared to the
annual chance of dying in an automobile accident (1-in-6,000) or lightning striking your
home on your birthday (less than one in a billion).
Probability is more likely to be a consideration if it is presented using a longer time frame.

People are more willing to wear seat belts if they are told they have a 1-in-3 chance of an
accident over a 50-year lifetime of driving, rather than a 1-in-100,000 chance of an accident
on each trip they take.29 Similarly, a homeowner or manager considering earthquake
protection over the 25-year life of a home or factory is far more likely to take the risk
seriously if told that the chance of at least one severe earthquake occurring during this time
period is greater than 1-in-5, rather than 1-in-100 in any given year.30

Studies have shown that even just multiplying the single-year risk so the numerator is larger—
presenting it as 10-in-1,000 or 100-in-10,000 instead of 1-in-100—makes it more likely that
people will pay attention to the event.31 Studies have also found that comparisons of risks—
rather than just specifying the probability of a loss or an insurance premium—are much more
effective in helping decision-makers assess the need for purchasing insurance.32

Another way to frame the risk so that individuals pay attention is to construct a worst-case
scenario. Residents in hazard-prone areas who learn about the financial consequences of
being uninsured if they were to suffer severe damage from a flood or earthquake would have
an incentive to purchase insurance coverage and may refrain from cancelling their insurance
if they have not made a claim for a few years. One could then provide them with information
on the likelihood of the event occurring over the next 25 years rather than just next year.
Insurers could also construct worst-case scenarios and then estimate the likelihood of the

event’s occurrence when pricing their insurance policies. They could then determine a
premium that reflects their best estimate of their expected loss while at the same time
factoring in the uncertainty surrounding the risk.

Default options
Field and controlled experiments in behavioural economics reveal that consumers are more likely
to stick with the default option rather than going to the trouble of opting out in favour of some
other alternative. Many examples of this behaviour are detailed in Thaler and Sunstein’s
important book, Nudge.27 To date, this framing technique has been applied to situations where
the outcome is either known with certainty, or when the chosen option (such as a recommended
401(k) plan), has a higher expected return than the other options.33 It is not clear whether people
who failed to purchase coverage would reverse course if having insurance against an extreme
event was the default option, given the intuitive thinking that individuals employ for these types
of risks. More empirical research is needed to more fully understand the role that default options
can play with respect to encouraging insurance protection for LP-HC events.

29 Slovic et al. (1978).
30 Weinstein et al. (1996).
31 Slovic et al. (2000).
32 Kunreuther et al. (2001).
33 Madrian and Shea (2001); Thaler and Benartzi (2004).
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Public–private partnerships

Individuals at risk may be reluctant to invest in cost-effective loss reduction measures when
these involve a high upfront cash outlay. Given budgetary constraints and individuals’ focus
on short time horizons, it is difficult to convince them that the expected discounted benefits
of the investment over the expected life of the property exceeds the immediate upfront cost.
Decision-makers’ resistance is likely to be compounded if they perceive the risk to be below
their threshold level of concern. Residents in hazard-prone areas may also be concerned that,
if they move in the next few years, the property value of their home will not reflect the
expected benefits from investing in loss reduction measures because the new owner will not
be concerned about the risk of a disaster.34

Mitigation grants and loans
FEMA created the Flood Mitigation Assistance (FMA) programme in 1994 to reduce flood
insurance claims. FMA is funded by premiums received by the NFIP to support loss
reduction measures, such as elevation or relocation of property, floodproofing commercial
structures or demolition and rebuilding of property that has received significant damage from
a severe flood.
In July 2014, Connecticut initiated its Shore Up CT programme designed to help

residential or business property owners elevate buildings, retrofit properties with additional
flood protection, or assist with wind-proofing structures on property that is prone to coastal
flooding. This state programme, the first in the United States, enables homeowners to obtain
a 15-year loan ranging from $10,000 to $300,000 at an annual interest rate of 2¾ per cent.35

More generally, long-term loans to homes and businesses for mitigation would encourage
individuals to invest in cost-effective risk-reduction measures. Consider a property owner
who could pay $25,000 to elevate his coastal property from 3 feet below Base Flood
Elevation (BFE) to 1 foot above BFE to reduce storm surge damage from hurricanes. If flood
insurance is risk-based, then the annual premium would decrease by $3,480 (from $4,000 to
$520). A 15-year loan for $25,000 at an annual interest rate of 2¾ per cent would result in
annual payments of $2,040 so that the savings to the homeowner each year would be $1,440
(that is, $3,480−$2,040).

Means-tested vouchers
One way to maintain risk-based premiums while at the same time addressing issues of
affordability is to offer means-tested vouchers that cover part of the cost of insurance.
Several existing programmes could serve as models for developing such a voucher
system: the Food Stamp Program, the Low Income Home Energy Assistance Program
(LIHEAP) and Universal Service Fund (USF).36 The amount of the voucher would be
based on current income and determined by a specific set of criteria as outlined in
the National Research Council’s report on the affordability of flood insurance.37 If the
property owners were offered a multi-year loan to invest in mitigation measure(s), the

34 Kunreuther et al. (2013a).
35 For more information, see shoreupct.org.
36 For more details on these programmes, see Kunreuther and Michel-Kerjan (2011).
37 National Research Council (2015).
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voucher could cover not only a portion of the resulting risk-based insurance premium,
but also the annual loan cost to make the package affordable. As a condition for the
voucher, the property owner could be required to invest in mitigation.
An empirical study of homeowners in Ocean County, NJ reveals that the amount

of the voucher is likely to be reduced significantly from what it would have been had the
structure not been mitigated, as shown in Figure 2 for property in a high-hazard flood area
(the V Zone) and a lower-hazard area (the A Zone).38

Catastrophe coverage
As indicated above, insurers’ withdrawal from certain markets due to lack of sufficient
reinsurance capacity and other risk transfer instruments (e.g. catastrophe bonds) led to the
establishment of government-backed programmes such as the CEA, NFIP and TRIA.
If insurers were permitted to charge risk-based premiums, they would very likely want to

market coverage against earthquakes and floods as long as they were protected against
catastrophic losses. State reinsurance facilities could play an important role in this regard if
premiums were risk-based using data provided by catastrophe models. One such facility
exists today—the FHCF. It was established in 1993 following Hurricane Andrew to
supplement private reinsurance and reimburse all insurers for a portion of their losses from
catastrophic hurricanes.
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Figure 2. Cost of voucher programme to the federal government and a hypothetical homeowner.
Source: Kousky and Kunreuther (2014).

38 Kousky and Kunreuther (2014).
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TRIA provides protection to insurers against catastrophic losses from future terrorist
attacks. American taxpayers will not be responsible for any payments until the total
commercial losses from a terrorist attack exceed $60 billion. In other words, insurers will
cover the entire losses from future terrorist attacks that are not catastrophic.39

Lewis and Murdock40 proposed that the federal government auction a limited
number of catastrophe reinsurance contracts annually to private insurers in order to
provide them with more capacity to handle truly extreme events. The design of such
contracts would have to be specified, and a more detailed analysis would have to be
undertaken to determine the potential impact of such an auction mechanism on the
relevant stakeholders.

Well-enforced regulations and standards
Given the reluctance of individuals to voluntarily purchase insurance against losses, one
should consider requiring catastrophic coverage for all individuals who face risk. Social
welfare is likely to be improved under the assumption that individuals would have
wanted insurance protection had they perceived the risk correctly, not exhibited
systematic biases and utilised simplified decision rules that characterise intuitive
thinking. If the public sector were providing protection against catastrophic losses from
these extreme events, they could pass regulations requiring insurance coverage for
individuals at risk.
Risk-based insurance premiums could be coupled with building codes so that those

residing in hazard-prone areas adopt cost-effective loss-reduction measures. Following
Hurricane Andrew in 1992, Florida re-evaluated its building code standards, and coastal
areas of the state began to enforce high-wind design provisions for residential housing.
As depicted in Figure 3, homes that met the wind-resistant standards enforced in 1996
had a claim frequency that was 60 per cent less than homes that were built prior to that
year. The average reduction in claims from Hurricane Charley (2004) to each damaged
home in Charlotte County built according to the newer code was approximately
$20,000.41

Homeowners who adopt cost-effective mitigation measures could receive a seal of
approval from a certified inspector that the structure meets or exceeds building code
standards. A seal of approval could increase the property value of the home by informing
potential buyers that damage from future disasters is likely to be reduced because the
mitigation measure is in place. Evidence from a July 1994 telephone survey of 1,241
residents in six hurricane-prone areas on the Atlantic and Gulf Coasts provides supporting
evidence for some type of seal of approval. Over 90 per cent of the respondents felt that local
home builders should be required to adhere to building codes, and 85 per cent considered
it very important that local building departments conduct inspections of new residential
construction.42

39 For more details on the renewal of TRIA, see Kunreuther et al. (2014).
40 Lewis and Murdock (1996).
41 IBHS (2007).
42 Insurance Institute for Property Loss Reduction (1995).
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Multi-year insurance

As a complement to property improvement loans, insurers could consider designing multi-
year insurance (MYI) contracts of three to five years. The insurance policy would be tied to
the structure rather than the property owner, and carry an annual premium reflecting risk that
would remain stable over the length of the contract. Property owners who cancel their
insurance policy early would incur a penalty cost in the same way that those who refinance a
mortgage have to pay a cancellation cost to the bank issuing the mortgage. With an MYI
contract, insurers would have an incentive to inspect the property over time to make sure that
building codes are enforced, something they would be less likely to do with annual contracts.
To compare the expected benefits of annual vs multi-year contracts, Jaffee et al.43

developed a two-period model where premiums reflect risk in a competitive market setting.
They show that an MYI policy reduces the marketing costs for insurers over one-period
policies and also eliminates the search costs to policyholders should their insurer decide to
cancel their coverage at the end of period 1. Should the policyholder learn that the cost of a
one-period policy is sufficiently low to justify paying a cancellation cost, it is always optimal
for the insurer to sell an MYI policy and for a consumer to purchase it. The insurer will set
the cancellation cost at a level that enables it to break even on those policies that the insured
decides to let lapse before the maturity date.
Several factors have contributed to the non-marketability of MYI for protecting home-

owners’ properties against losses from fire, theft and large-scale natural disasters. Under the
current state-regulated arrangements in which many insurance commissioners have limited
insurers’ ability to charge risk-based premiums in hazard-prone areas, no insurance company
would even entertain the possibility of marketing a homeowner’s policy that was longer than
one year. Insurers would be concerned about the regulator clamping down on them now or in

Figure 3. Average claim severity by building code category from Hurricane Charley.
Source: Institute for Business & Home Safety (IBHS).

43 Jaffee et al. (2010).
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the future regarding what price they could charge.44 Uncertainty regarding costs of capital
and changes in risk over time may also deter insurers from providing MYI.
For the private sector to want to market coverage if the above issues are addressed,

there needs to be a sufficient demand to cover the fixed and administrative costs of
developing and marketing the product. To empirically test the demand for MYI, a web-
based experiment was undertaken with adults in the United States; most were older than
30 years, so they were likely to have experience purchasing insurance. The individuals
participating in the experiment were offered a choice between one-year and two-year
contracts against losses from hurricane-related damage. A large majority of the
responders preferred the two-year contract over the one-year contract, even when it was
priced at a higher level than the actuarially fair price. Introducing a two-year insurance
policy into the menu of contracts also increased the aggregate demand for disaster
insurance.45

Modifying the National Flood Insurance Program

The NFIP provides a target of opportunity to implement a long-term strategy for reducing
risk that could eventually be extended to other extreme events. The two guiding principles
for insurance would be utilised in redesigning the rate structure for the programme:

● Premiums would reflect risk based on updated flood maps so that private insurers would
have an incentive to market coverage.

● Means-tested vouchers would be provided by the public sector to those who undertook
cost-effective mitigation measures. This would address the affordability issue.46 Home-
owners who invested in loss-reduction measures would be given a premium discount to
reflect the reduction in expected losses from floods. Long-term loans for mitigation would
encourage investments in cost-effective mitigation measures. Well-enforced building
codes and seals of approval would provide an additional rationale for undertaking these
loss-reduction measures.

● An MYI policy tied to the property would deter policyholders from cancelling their
policies if they did not suffer losses for several years.

● Reinsurance and risk-transfer instruments marketed by the private sector could cover a
significant portion of the catastrophic losses from future floods. Some type of federal
reinsurance would provide insurers with protection against extreme losses.

44 Regulators would still monitor insurers to make sure that they have sufficient surplus on hand and are charging a
sufficiently high premium to reduce the chance of insolvency to an acceptably low level.

45 Kunreuther and Michel-Kerjan (forthcoming).
46 This proposal for risk-based premiums and means-tested vouchers are part of BW12 that was modified in March

2014. The new legislation (HFIAA14) delayed the implementation of risk-based premiums until issues of
affordability of the NFIP were addressed. The National Research Council is currently undertaking this study
and issued its first report in March 2015 (National Research Council, 2015) where the methods for an
affordability framework and programme policy options were proposed. The second report, due in the fall of
2015, examines the features of alternative approaches for undertaking a national evaluation of affordability
programme policy options.
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The social welfare benefits of this proposed programme would be significant: less damage
to property, lower costs to insurers for protecting against catastrophic losses, more secure
mortgages, and lower costs to the government for disaster assistance.

Directions for future studies and research

In theory, insurance rewards individuals who undertake loss reduction measures by lowering
their premiums. For insurance to play this role, premiums have to reflect risk; otherwise,
insurers will have no financial incentive to offer coverage or will not want to reduce
premiums when those at risk undertake protective measures. Charging risk-based premiums
raises questions of affordability for those low-income residents in hazard-prone areas who
are currently paying subsidised prices for coverage or have elected to be uninsured due to
budget constraints or misperceptions of the risk. In addition, insurers may elect not to offer
coverage if they are concerned about the impact that catastrophic losses will have on their
balance sheet as evidenced by their decisions not to offer flood, earthquake or terrorism
insurance in the United States without some type of back-up from the state or federal
government. To determine the price of risk-based premiums, there is a need for more accurate
data. In the United States, FEMA is now updating their flood-risk maps as recommended by
a Government Accountability Office (U.S. GAO) study47 and by recent federal legislation on
the NFIP.
The impact of changing climate patterns on future damage from flooding due to potential

sea-level rise and more intense hurricanes also needs to be taken into account. There is
evidence that federal agencies and other bodies have underestimated the risks of damage
from extreme weather events due to climate change.48 Hurricane Sandy has stimulated
studies on ways that communities can be more prepared for future disaster damage as well as
highlighting the need for a suite of policy tools including insurance to address the climate
change problem.49

Studies are also needed as to ways that other policy tools, such as well-enforced building
codes to encourage good construction practices, can complement insurance. Enforcing
building codes for all residences in Florida could reduce by nearly half the risk-based prices
of insurance under climate change projections with respect to hurricane damage in 2020 and
2040.50 In this regard, Chile serves an example for the United States to emulate. The country
passed a law that requires the original construction company to compensate those who suffer
any structural damage from earthquakes and other disasters if the building codes were not
followed. Furthermore, the original owner of a building is held responsible for damage to the
structure for a decade, and a court can sentence the owner to prison. Well-enforced building
codes in Chile account for the relatively low death toll from the powerful earthquake (8.8 on
moment magnitude scale) that rocked the country on 27 February 2010.51

47 U.S. Government Accountability Office (2008).
48 Repetto and Easton (2012).
49 See New York City Panel on Climate Change (2015), NYC (2013), and Hurricane Sandy Rebuilding Task

Force (2013).
50 Kunreuther et al. (2013b).
51 Useem et al. (2015).
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The challenge facing the United States today is how to capitalise on the concerns raised
by Hurricanes Katrina and Sandy and discussions on the renewal of the NFIP in 2017. The
case for making communities more resilient to natural disasters by investing in loss
reduction measures is critical today given economic development in hazard-prone areas.52

For risk-based insurance to be part of such a strategy, there is a need for support from key
interested parties. These include the real estate agents, developers, banks and financial
institutions, residents in hazard-prone areas as well as public sector organisations at the
local, state and federal levels.
The principle of risk-based premiums coupled with concerns regarding affordability and

catastrophic losses apply to all countries that utilise insurance as a policy tool for dealing
with risk. Studies on the role that the private and public sectors play with respect to risk
sharing of these losses reveal significant differences between countries.53 Other countries
face similar problems and would do well to consider how to develop long-term strategies that
have a chance of being implemented because they address short-term concerns.

Acknowledgements

This paper reflects research and helpful discussions with my colleagues at the Wharton Risk Center and
at other universities and research institutions, notably Jeffrey Czjakowski, Dwight Jaffee, Daniel Kah-
neman, David Krantz, Robert Meyer, Erwann Michel-Kerjan, Mark Pauly, Robert Shiller, Paul Slovic
and Elke Weber. I also appreciate helpful interactions with members of the Wharton Risk Center’s
Extreme Events project as to the challenges and opportunities faced by the insurance industry. Special
thanks to the reviewers of the paper and to Carol Heller, Joan Lamm-Tennant and Erwann Michel-
Kerjan for suggestions on an earlier draft of the paper. Funding for this research comes from the
National Science Foundation (SES-1061882 and SES-1062039); the Center for Risk and Economic
Analysis of Terrorism Events (CREATE) at the University of Southern California; the Center for
Research on Environmental Decisions (CRED; NSF Cooperative Agreement SES-0345840 to Colum-
bia University), the Zurich Insurance Foundation on community flood resilience and the Wharton Risk
Management and Decision Processes Center.

References

Anderson, D.R. (1974) ‘The national flood insurance program: Problems and potential’, The Journal of Risk and
Insurance 41(4): 579–599.

Bainbridge, J. (1952) Biography of an Idea: The Story of Mutual Fire and Casualty Insurance, Garden City, NY:
Doubleday.

Botzen, W., Kunreuther, H. and Michel-Kerjan, E. (2015) Divergence between individual perceptions and objective
indicators of tail risks: Evidence from floodplain residents in New York City, Wharton Risk Center Working
Paper. University of Pennsylvania.

Cabantous, L., Hilton, D., Kunreuther, H. and Michel-Kerjan, E. (2011) ‘Is imprecise knowledge better than
conflicting expertise? Evidence from insurers’ decisions in the United States’, Journal of Risk and Uncertainty
42(93): 211–232.

52 See National Research Council (2012).
53 See Michel-Kerjan and Pedell (2005) for a comparison of terrorism coverage in France, Germany and the

United States. OECD (2012) presents a framework for assessing disaster risk and financial strategies for disaster
risk management that serves as a reference point for comparing specific country approaches and methodologies.

Howard Kunreuther
Role of Insurance in Reducing Losses from Extreme Events

759



California Department of Insurance (1997-1998) California Earthquake Zoning and Probable Maximum Loss
Evaluation Program, Los Angeles, CA: California Department of Insurance.

Cummins, D.J. and Lewis, C.M. (2003) ‘Catastrophic events, parameter uncertainty and the breakdown of implicit
long-term contracting in the insurance market: The case of terrorism insurance’, Journal of Risk and Uncertainty
26(2/3): 153–178.

Cutler, D.M. and Zeckhauser, R.J. (2004) Extending the Theory to Meet the Practice of Insurance, Washington,
D.C.: Brookings Institute.

FM Global (2011) The FM Global Brand Story, Johnston, RI: FM Global.
Gerdes, V. (1963) ‘Insuring against flood peril’, Journal of Insurance 30(4): 547–553.
Grace, M. and Klein, R. (2007) ‘Facing mother nature’, Regulation 30(3): 28–34.
Grace, M., Klein, R. and Kleindorfer, P. (2004) ‘Homeowners insurance with bundled catastrophe coverage’,

The Journal of Risk and Insurance 71(3): 351–379.
Grossi, P. and Kunreuther, H. (eds) (2005) Catastrophe Modeling: A New Approach to Managing Risk, New York:

Springer.
Hurricane Sandy Rebuilding Task Force (2013) ‘Hurricane Sandy rebuilding strategy: Stronger communities, a

resilient region’, August, from http://portal.hud.gov/hudportal/documents/huddoc?id=hsrebuildingstrategy.pdf.
Institute for Business & Home Safety (IBHS) (2007) The Benefits of Modern Wind Resistant Building Codes on

Hurricane Claim Frequency and Severity—A Summary Report, Institute for Business & Home Safety (IBHS).
Insurance Institute for Property Loss Reduction (IIPLR) (1995) Homes and Hurricanes: Public Opinion Concerning

Various Issues Relating to Home Builders, Building Codes and Damage Mitigation, Boston, MA: IIPLR.
Jaffee, D., Kunreuther, H. and Michel-Kerjan, E. (2010) ‘Long Term Property Insurance (LTI) for Addressing

Catastrophe Risk’, Journal of Insurance Regulation 29(07): 167–187.
Jaffee, D. and Russell, T. (2003) ‘Markets under stress: The case of extreme event insurance’, in R. Arnott,

B. Greenwald, R. Kanbur and B. Nalebuff (eds) Economics for an Imperfect World: Essays in Honor of Joseph
E. Stiglitz, Cambridge, MA: MIT Press.

Johnson, E.J., Shu, S.B., Dellaert, B.C.G., Fox, C., Goldstein, D.G., Häubl, G., Larrick, R.P., Payne, J.W., Peters, E.,
Schkade, D., Wansink, B. and Weber, E.U. (2012) ‘Beyond nudges: Tools of a choice architecture’, Marketing
Letters 23(2): 487–504.

Kahneman, D. (2011) Thinking, Fast and Slow, New York: Farrar, Straus and Giroux.
Knowles, S.G. and Kunreuther, H.C. (2014) ‘Troubled waters: The National Flood Insurance Program in historical

perspective’, Journal of Policy History 26(03): 327–353.
Kousky, C. and Kunreuther, H. (2014) ‘Addressing affordability in the national flood insurance program’, Journal of

Extreme Events 1(1): 1–28.
Krantz, D. and Kunreuther, H. (2007) ‘Goals and plans in decision-making’, Judgment and Decision Making

2(3): 137–68.
Kunreuther, H., Hogarth, R. and Meszaros, J. (1993) ‘Insurer ambiguity and market failure’, Journal of Risk and

Uncertainty 7(1): 71–87.
Kunreuther, H., Meyer, R.J. and Michel-Kerjan, E. (2013a) ‘Overcoming Decision Biases to Reduce Losses from

Natural Catastrophes’, in E. Shafir (ed.) Behavioral Foundations of Policy, Princeton, NJ: Princeton University
Press.

Kunreuther, H. and Michel-Kerjan, E. (2011) At War with the Weather: Managing Large-Scale Risks in a New Era
of Catastrophes, Cambridge, MA: MIT Press.

Kunreuther, H. and Michel-Kerjan, E. (forthcoming) ‘Demand for fixed-price multi-year contracts: Experimental
evidence from insurance decisions’, Journal of Risk and Uncertainty.

Kunreuther, H., Michel-Kerjan, E., Lewis, C., Muir-Wood, R. and Woo, G. (2014) TRIA after 2014, Wharton Risk
Management Center, University of Pennsylvania.

Kunreuther, H., Michel-Kerjan, E. and Ranger, N. (2013b) ‘Insuring against future climate catastrophes’, Climatic
Change 18(2): 339–354.

Kunreuther, H., Novemsky, N. and Kahneman, D. (2001) ‘Making low probabilities useful’, Journal of Risk and
Uncertainty 23(2): 103–120.

Kunreuther, H., Pauly, M.V. and McMorrow, S. (2013c) Insurance and Behavioral Economics: Improving
Decisions in the Most Misunderstood Industry, New York: Cambridge University Press.

Kunreuther, H. and Roth, R., Sr, (eds) (1998) Paying the Price: The Status and Role of Insurance against Natural
Disasters in the United States, Washington, D.C.: Joseph Henry Press.

The Geneva Papers on Risk and Insurance—Issues and Practice

760



Lecomte, E. and Gahagan, K. (1998) ‘Hurricane insurance protection in Florida’, in H. Kunreuther and R. Roth Sr
(eds) Paying the Price: The Status and Role of Insurance against Natural Disasters in the United States,
Washington, D.C.: Joseph Henry Press 97–124.

Lewis, C. and Murdock, L. (1996) ‘The role of government contracts in discretionary reinsurance markets for natural
disasters’, The Journal of Risk and Insurance 63(4): 567–597.

Madrian, B.C. and Shea, D.F. (2001) ‘The power of suggestion: Inertia in 401(k) participation and savings
behavior’, The Quarterly Journal of Economics 16(4): 1149–1187.

Michel-Kerjan, E. (2003) ‘Large-scale terrorism: Risk sharing and public policy’, Revue d’Economie Politique
113(5): 625–648.

Michel-Kerjan, E. (2010) ‘Catastrophe economics: The national flood insurance program’, Journal of Economic
Perspectives 24(4): 165–186.

Michel-Kerjan, E. and Kunreuther, H. (2011) ‘Reforming flood insurance’, Science 333(6014): 408–409.
Michel‐Kerjan, E., Lemoyne de Forges, S. and Kunreuther, H. (2012) ‘Policy tenure under the U.S. National Flood

Insurance Program (NFIP)’, Risk Analysis 32(4): 644–658.
Michel-Kerjan, E. and Pedell, B. (2005) ‘Terrorism risk coverage in the post-9/11 era: A comparison of new public-

private partnerships in France, Germany and the U.S.’, The Geneva Papers on Risk and Insurance—Issues and
Practice 30(1): 144–170.

National Research Council (2012) Disaster Resilience: A National Imperative, Washington, D.C.: The National
Academies Press.

National Research Council (2015) Affordability of National Flood Insurance Program Premiums—Report 1,
Washington, D.C.: The National Academies Press.

New York City Panel on Climate Change (2015) ‘Building the knowledge base for climate resiliency’, Annals of the
New York Academy of Sciences 1336(1): 1–150.

NYC (2013) PlaNYC: A Stronger More Resilient New York, New York, NY: Mayor’s Office of Long Term Planning
and Sustainability, from www.nyc.gov/html/sirr/html/report/report.shtml.

OECD (2012) Disaster Risk Assessment and Risk Financing: A G20/OECD Methodological Framework, Paris:
Organisation for Economic Co-operation and Development.

Overman, E.S. (1957) ‘The flood peril and the Federal Flood Insurance Act of 1956’, Annals of the American
Academy of Political and Social Science 309(1): 98–106.

Palm, R. (1995) Earthquake Insurance: A Longitudinal Study of California Homeowners, Boulder, CO: Westview Press.
Palm, R. and Carroll, J. (1998) Illusions of Safety: Cultural and Earthquake Hazard Response in California and

Japan, Boulder, CO: Westview Press.
Repetto, R. and Easton, R. (2012) ‘Climate change and damage from extreme weather events’, Environment 52(2):

22–33.
Risk Management Solutions (2014) ‘When “the big one” hits’, from rms.com/images/loma-prieta/pdf/WhenTheBig

OneHits.pdf.
Roth, R.J., Jr (1998) ‘Earthquake Insurance Protection in California’, in H. Kunreuther and R. Roth Sr, (eds) Paying

the Price: The Status and Role of Insurance against Natural Disasters in the United States, Washington, D.C.:
Joseph Henry Press, pp. 67–95.

Slovic, P., Fischhoff, B. and Lichtenstein, S. (1978) ‘Accident probabilities and seat belt usage: A psychological
perspective’, Accident Analysis & Prevention 10(4): 281–285.

Slovic, P., Monahan, J. and MacGregor, D.G. (2000) ‘Violence risk assessment and risk communication: The effects
of using actual cases, providing instruction, and employing probability versus frequency formats’, Law and
Human Behavior 24(3): 271.

Thaler, R.H. and Benartzi, S. (2004) ‘Save more tomorrow™: Using behavioral economics to increase employee
saving’, Journal of Political Economy 112(S1): S164–S187.

Thaler, R. and Sunstein, C. (2008) Nudge: The Gentle Power of Choice Architecture, New Haven, CT: Yale
University Press.

Tversky, A. and Kahneman, D. (1973) ‘Availability: A heuristic for judging frequency and probability’, Cognitive
Psychology 5(2): 207–232.

U.S. Government Accountability Office (GAO) (2008) Flood Insurance. FEMA’s Rate-Setting Process Warrants
Attention, GAO-09-12, Washington, DC: U.S. Government Accountability Office.

Useem, M., Kunreuther, H. and Michel-Kerjan, E. (2015) Leadership Dispatches: Chile’s Extraordinary Comeback
from Disaster, Stanford, CA: Stanford University Press.

Howard Kunreuther
Role of Insurance in Reducing Losses from Extreme Events

761



Weinstein, N.D., Kolb, K. and Goldstein, B.D. (1996) ‘Using time intervals between expected events to
communicate risk magnitudes’, Risk Analysis 16(3): 305–308.

Wharton Risk Management Center (2005) TRIA and Beyond, Philadelphia, PA: Wharton Risk Management Center,
University of Pennsylvania.

About the Author

Howard Kunreuther is the James G. Dinan Professor; Professor of Decision Sciences and
Business and Public Policy, and co-director of the Risk Management and Decision Processes
Center, Wharton School, University of Pennsylvania. He has a long-standing interest in
ways that society can better manage low-probability, high-consequence events. He is a
Fellow of the American Association for the Advancement of Science and a Distinguished
Fellow of the Society for Risk Analysis. His recent books include At War with the Weather
(with E. Michel-Kerjan, 2011) and Insurance and Behavioral Economics: Improving
Decisions in the Most Misunderstood Industry (with M. Pauly and S. McMorrow, 2013).

The Geneva Papers on Risk and Insurance—Issues and Practice

762


