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leadership positions at the WFIC after Anthony Santomero and Peter Burns
moved on from the Wharton School in 2000.

From the outset, our goal was to undertake state-of the-art research on
the role of risk assessment in developing meaningful strategies for managing
catastrophic risks. Although our focus was on natural hazards, we viewed the
project as one that could be applied to a wide variety of extreme events. In
fact, since 2002 the Managing Catastrophic Risks project has morphed into
the Managing Extreme Events project, which is one of the major ongoing
activities at the Wharton Risk Center.

To ensure the highest scientific standards, we formed a Technical
Advisory Committee (TAC) whose role was to provide detailed commentary
on the models developed by AIR Worldwide, EQECAT and Risk
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loss estimates.

Each of the three firms permitted members of the TAC to examine
their models. Subsets of the TAC visited AIR Worldwide, EQECAT and Risk
Management Solutions for a full day for this purpose. These TAC members
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without revealing any confidential information, the TAC members were
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information available. Without this assurance from the TAC we would not be
writing this book.

Most of the TAC members also commented on earlier drafts of the
chapters in the book. In particular, we want to thank Roger Borcherdt
(USGS), William Holmes (Rutherford & Chekene), William Iwan (Cal Tech),
and Robert Whitman (MIT), who spent considerable time in going over the
material on the book and writing up extensive comments for us. The other
members of the TAC who provided us with advice and guidance on the
project and to whom we owe a debt of gratitude are: Joe Golden (NOAA),
Mark Johnson (University of Central Florida), Ralph Keeney (Duke
University), Peter Sparks (University of South Carolina), Kathleen Tierney
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Prelude

The aftermath of a natural disaster, such as an earthquake, flood,
hurricane, can be devastating. There is a tremendous sense of personal as
well as economic loss. Immediately following the disaster, the actual
devastation as well as media coverage related to the event causes the affected
individuals as well the general public to be keenly aware of the risk of
catastrophes. Unfortunately, this awareness often fades with time and the
importance of being prepared is often forgotten. There are, however, a large
number of individuals who spend a great deal of time and energy modeling
natural disasters and enlightening others on ways in which their impact can be
managed.

The goal of this book is to bring the reader up to date on recent
developments in the nature and application of catastrophe models used to
manage risk from natural disasters. It describes current and potential future
uses of such models. The book emphasizes natural disasters, but also
discusses application of the models to the terrorist attacks of September 11,
2001. The book is targeted to individuals concerned with monitoring and
managing the impact of catastrophe risks. For example:

Senior insurance and reinsurance managers can gain insight into the
policy implications of competing hazard management strategies.
Actuaries and underwriters can learn how catastrophe modeling, in its
current form of user-friendly software, can facilitate their portfolio
analyses.
Federal, state and local government employees can learn to expand
their definition of risk management to include the role that insurance
can play in protecting their organizations against loss.
Structural engineers, proficient in seismic and wind resistant design,
can examine the latest approaches to modeling the fragility of a
building system.
Other experts interested in catastrophe modeling, including earth
scientists, computer scientists, economists, and geographers, can
discover their role in creating the next generation of models.
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Roadmap of the Book
Part I of this book provides an introduction to risk management and

catastrophe models. Chapter 1 indicates the need to manage risk and describes
the key stakeholders involved in the process. Chapter 2 provides an
introduction to catastrophe models and insurance. It introduces the
components of a catastrophe model and how catastrophe models aid insurers
in assessing their portfolio risk. The chapter concludes by introducing a
framework for integrating risk assessment with risk management strategies
via catastrophe modeling.

Part II of the book delves more deeply into the complex process of
linking the science of natural hazards to the output from catastrophe models.
Chapter 3 discusses the components of catastrophe modeling in more detail,
including the hazard, inventory, vulnerability, and loss modules. This chapter
clarifies how data are incorporated into catastrophe models and how
modeling techniques facilitate the assessment of earthquake and hurricane
risk.

Chapter 4 discusses the treatment of uncertainty in a catastrophe
model. Catastrophe modeling is an evolving science; there are assorted
interpretations and approaches to the modeling process. Differences in the
output from competing catastrophe models are presented for hurricane and
earthquake risk. Using the Charleston, South Carolina region as an example,
the chapter highlights how uncertainty in modeling risks affects estimates of
future losses.

Part III examines how catastrophe modeling currently aids insurers
and other stakeholders in managing the risks from natural hazards. After a
general overview of current practices used by insurers, specific examples of
risk management strategies are discussed in Chapters 5 though 7. Chapter 5
focuses on the actuarial principles for insurance rate making. Special
emphasis is given to the role of catastrophe modeling in earthquake risk
classification and rate setting for residential structures in the state of
California.

Chapter 6 focuses on the role of catastrophe modeling in quantifying
an insurer’s portfolio risk. One of an insurer’s principal concerns when
constructing a portfolio of risks is to reduce the possibility of unusually large
losses. Special attention is given to ways that models can address uncertainty
issues and reduce the chances of highly correlated losses in an insurer’s
portfolio.

Chapter 7 provides a comprehensive discussion of risk financing for
an organization and the regulatory basis for the design of risk transfer
instruments. The chapter illustrates the role that catastrophe modeling plays in
evaluating these financing schemes and discusses the reasons why there has
been limited interest by investors in utilizing new financial instruments.
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Part IV illustrates how catastrophe models can be utilized in
developing risk management strategies for natural disasters and terrorism. In
Chapter 8, insurers consider a specific risk management strategy – requiring
homeowners to adopt specific mitigation measures – in determining the
pricing of a policy and the amount of coverage to offer. Utilizing data
provided by the three leading modeling firms (AIR Worldwide, EQECAT,
and Risk Management Solutions), three hypothetical insurance companies are
formed to provide earthquake or hurricane coverage to homeowners in
Oakland, California, Long Beach, California and Miami/Dade County,
Florida. The analyses illustrate the impact of loss reduction measures and
catastrophe modeling uncertainty on an insurer’s profitability and likelihood
of insolvency.

Chapter 9 builds on the analyses presented in Chapter 8 by examining
the role of risk transfer instruments in providing protection to insurers against
losses from natural disasters. The chapter examines the impact of reinsurance
and catastrophe bonds on the profitability of an insurer and the return on
assets to investors in the insurance company.

Chapter 10 concludes the book by focusing on how catastrophe
modeling can be utilized in dealing with terrorism. The chapter examines the
challenges faced by the U.S. in providing terrorism coverage after the
September attacks. Given the uncertainties associated with this risk and
the potential for catastrophic losses, there is a need for public-private
partnerships to reduce future losses and provide financial assistance after a
terrorist attack.

A Glossary at the end of the book provides definitions of scientific,
engineering and economic terms used throughout the book. This should aid
the reader in understanding key words that are often used to characterize and
analyze risks.



PART I

FRAMEWORK FOR RISK MANAGEMENT USING
CATASTROPHE MODELS

Part I of this book is an introduction to natural hazards and
catastrophe risk management. Chapter 1 discusses the history of natural
disaster loss and introduces the stakeholders who manage catastrophe risk,
along with their motivations and relationships to one another. The chapter
also discusses the role of the public and private sectors in managing risk.
Chapter 2 turns to the development of catastrophe models and the use of
insurance in managing catastrophe risk. The concept of an exceedance
probability curve is introduced. This is a key element used throughout the
book for communicating risk to a stakeholder. Finally, a conceptual
framework is presented that illustrates the critical role that catastrophe
modeling plays in managing risk.

San Francisco, California, Earthquake April 18, 1906. Fault trace 2 miles north of the
Skinner Ranch at Olema. View is north. Plate 10, U.S. Geological Survey Folio 193;
Plate 3-A, U.S. Geological Survey Bulletin 324.



Chapter 1 – Introduction: Needs, Stakeholders, and
Government Initiatives

Major Contributors:
Patricia Grossi

Howard Kunreuther

1.1 Need to Manage Risk
The problem of preparing for a natural disaster is not a new one.

Around the world and particularly in the more-developed countries,
governments, individuals and corporations know they should prepare for a
“big earthquake” or a “large hurricane” or an “extensive flood.” Yet, they
often do not take the necessary steps to prepare for a disaster. Only after a
disaster occurs do they recognize the importance of preparing for these types
of extreme events.

A major earthquake or hurricane can result in loss of life and serious
damage to buildings and their contents. Bridges and roads can be damaged
and closed for repair over long periods of time. Disaster victims may need to
be relocated to temporary shelters or reside with friends or relatives for days
or weeks. Businesses may have their activities interrupted due to facility
damage or lack of utility service. For some businesses, this may result in
insolvency. In August and September 2004, these challenges were obvious
when Florida and other states as far north as New Jersey and Pennsylvania
were deluged by Hurricanes Charley, Frances, Ivan, and Jeanne.

The need to prepare for these types of extreme events is evident when
evaluating the economic consequences of natural disasters. Figure 1.1(a) and
Figure 1.1(b) depict the losses due to great natural catastrophes from 1950 to
2002 throughout the world. A great natural catastrophe is defined as one
where the affected region is “distinctly overtaxed, making interregional or
international assistance necessary. This is usually the case when thousands of
people are killed, hundreds of thousands are made homeless, or when a
country suffers substantial economic losses, depending on the economic
circumstances generally prevailing in that country” (Munich Re, 2002). These
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figures include data on the overall economic and insured losses worldwide (in
2002 dollars) from earthquakes, floods, windstorms, volcanic eruptions,
droughts, heat waves, freezes, and cold waves.

Figure 1.1(a) suggests a good deal of variation in losses with time.
The figure illustrates that in certain years, such as 1976, 1988, 1995, and
1999, there are peaks in the amount of loss. Furthermore, the amplitude of the
peaks seems to be increasing over time. This trend is expected to continue as
higher concentrations of population and built environment develop in areas
susceptible to natural hazards worldwide. Additionally, worldwide losses
during the 1990’s exceeded $40 billion dollars each year with the exception of
1997. Losses were as high as $170 billion in 1995, primarily due to the large-
scale earthquake that destroyed portions of Kobe in Japan in January of that
year. Insured losses matched this growth during the same timeframe.

The volatility and trend in losses can be seen in the United States as
well. Figure 1.2(a) and Figure 1.2(b) show the economic and insured losses
from significant United States catastrophes from 1950 through 2002 with
losses adjusted to 2002 dollars. U.S. catastrophes are deemed significant when
there is an adjusted economic loss of at least $1 billion and/or over 50 deaths
attributed to the event (American Re, 2002).

There are peaks in losses due to catastrophic events, as in worldwide
losses (most prominently in 1989, 1992, and 1994), and the upward trend over
the past 50 years is evident when broken down by decade, as seen in Figure
1.2(b). The losses from individual disasters during the past 15 years are an
order of magnitude above what they were over the previous 35 years.
Furthermore, prior to Hurricane Hugo in 1989, the insurance industry in the
United States had never suffered a loss of over $1 billion from a single
disaster. Since 1989, numerous disasters have exceeded $1 billion in insured
losses. Hurricane Andrew devastated the coastal areas of southern Florida in
August 1992, as well as damaging parts of south-central Louisiana causing
$15.5 billion in insured losses. Similarly, on the west coast of the United
States, insured losses from the Northridge earthquake of January 1994
amounted to $12.5 billion.

Residential and commercial development along coastlines and areas
with high seismic hazard indicate that the potential for large insured losses in
the future is substantial. The ten largest insured property losses in the United
States, including the loss from 9/11, are tabulated in Table 1.1 adjusted to
2001 dollars (Insurance Information Institute, 2001). The increasing trend for
catastrophe losses over the last two decades provides compelling evidence for
the need to manage risks both on a national, as well as on a global scale.
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Figure 1.1. Losses due to great natural catastrophes worldwide: (a) by year; and (b)
by decade (developed by the Geoscience Division of Munich Re).
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Figure 1.2. Losses due to significant U. S. natural catastrophes: (a) by year; and (b)
by decade (developed by the Geoscience Division of American Re).
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1.2 Private Sector Stakeholders in the Management of
Risk

The magnitude of economic and insured losses from natural disasters
raises various questions. Who are the individuals affected by these events?
What options are available to them to assess their risk? What factors influence
their choices for dealing with these risks and actively managing their risk? By
examining the perspectives of these individuals and groups, one can develop
more effective risk management strategies for reducing potential losses from
such disasters.

Figure 1.3 illustrates the key stakeholders in the management of risk
that are discussed in this book. Each of the stakeholders’ goals and
perceptions of the risk lead them to view natural hazards from a unique
perspective.

At the bottom of the pyramid are the property owners who are the
primary victims of losses from natural disasters. They have to bear the brunt
of the losses unless they take steps to protect themselves by mitigating or
transferring some of the risk. Insurers form the next layer of the pyramid.
They offer coverage to property owners against losses from natural disasters.
Insurers themselves are concerned with the possibility of large claim
payments from a catastrophe and turn to reinsurers, the next layer of the

1 Some major claims are still in dispute; this does not include liability claims. Total
insured losses due to the 9/11 attacks (including liability) are estimated around $35
billion as of July, 2004.
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pyramid, to transfer some of their risk. At the top of the pyramid are the
capital markets, which in recent years have provided financial protection to
both insurers and reinsurers through financial instruments, such as catastrophe
bonds. Of course, there are exceptions to this pyramid structure. For example,
there have been two catastrophe bond issues (Concentric Re, covering Tokyo
Disneyland, and Studio Re, covering Universal Studios) that offered direct
protection to these property owners in place of traditional insurance
arrangements.

Figure 1.3. Key private sector stakeholders in the management of risk

The insurance rating agencies and state insurance commissioners are
the two institutions that regulate the insurance industry. Rating agencies
provide independent evaluations of the financial stability of the insurers and
reinsurers. State insurance commissioners are primarily concerned that the
rates charged by insurers are fair and that insurers in the market will remain
solvent following a disaster. The Securities and Exchange Commission (SEC)
regulates capital markets and catastrophe bonds are given bond ratings by
organizations such as Fitch, Moody’s Investor Service, and Standard &
Poor’s.

In the following sections, risk management strategies are discussed
from the perspective of each stakeholder in the pyramid.

1.2.1 Property Owners
Owners of commercial and residential structures have a range of risk

management strategies from which to choose. They can reduce their risk by
retrofitting a structure to withstand wind or earthquake loading, transfer part of
their risk by purchasing some form of insurance, and/or keep and finance their
risk.

The ways in which particular individuals decide to manage risk is often
a function of their perceptions. Despite a front-line position in facing the
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financial impacts of natural disasters, the average homeowner is one of the least
active stakeholders in the process. For most, the choices are whether or not to
buy insurance – if this is an option – and whether to take actions that would
make their home more resistant to damage. Many homeowners do not take
action even when the risk is abundantly clear and loss-reducing measures are
available. It is often the case that these homeowners feel that a disaster will not
affect them.

A commercial property owner’s risk perception and strategies to manage
risk are different from those of residential owners. A commercial establishment
must concern itself not only with life safety and insolvency issues, but also with
the impact of a natural hazard on the operation of its business. Often, there are
extra expenses as a business tries to remain viable after a catastrophe. The
company is concerned about business interruption loss – the loss or reduction of
income due to the suspension of operations resulting from a natural disaster.
Business owners in hazard-prone regions are normally quite interested in
purchasing coverage against this type of risk.

1.2.2 Insurers
An insurer provides protection to residential and commercial property

owners for losses resulting from natural disasters. Losses due to damage from
fires (resulting from lightning during thunderstorms) and wind (resulting from
tornadoes and hurricanes) are covered by a homeowner’s insurance policy,
normally required by lenders as a condition for a mortgage. In the U.S., loss
due to water damage (resulting from floods) is covered under the National
Flood Insurance Program (NFIP), a public-private partnership between the
government and the insurance industry established in 1968. Losses due to
damage from ground movement (resulting from earthquakes and landslides)
are covered by a policy endorsement or by a separate policy. This separate
policy is issued either by the private sector or, in California, through a state-
run, privately funded earthquake insurance company, the California
Earthquake Authority (CEA) that was created in 1996.

Losses from natural disasters can have a severe impact on an insurer’s
financial condition. Insurers, therefore, want to limit the amount of coverage
they provide to property owners in hazard-prone areas. An important concern
for insurers is the concentration of risk. Those who cover a large number of
properties in a single geographic area face the possibility of large losses
should a natural disaster occur in the area. An insurer views a portfolio with
this type of highly correlated (or interrelated) risks as undesirable. Subject to
regulatory restrictions, an insurer limits coverage in any given area and/or
charges higher premiums in order to keep the chances of insolvency at an
acceptable level.


