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Foreword

The countries in Latin America and the Caribbean face high financial, socioeconomic and
human vulnerabilities to natural hazards. Total reported economic losses associated with
natural hazard related disasters have been increasing steadily over the past two decades,
in excess of population and per capita economic growth rates. A reduction of vulnerabil-
ity is needed to ensure sustainable economic growth and development in the region. Dis-
asters can have a negative impact on productive assets, public sector investments, and
social development and generally disrupts economic activity.

The most common strategy of the countries in the region has been to practice patience,
and make preparations to face disasters through early warning and contingency planning.
They have invested very little in reducing risk. This ex post, reactive approach to financ-
ing often means high losses. Lags in the post-disaster recovery period occur as financing
options are evaluated to determine the most appropriate and effective means of interven-
tion. Making estimates of damages for which financing is required also takes time. Addi-
tionally, the rise in the occurrence of natural hazard events could put a strain on already
diminishing resources available for international aid and development, since international
entities have been a significant source of reconstruction financing. Assistance through
lending also results in increased indebtedness.

The countries in the region are starting to balance such ex post funding with prevention
investments. Financial protection for potential losses is also gradually emerging through
catastrophe risk transfer instruments. International capital markets are increasingly being
highlighted as potential funding sources. Risk coverage allows reconstruction after a dis-
aster without forcing countries to engage in disruptive reallocations of resources away
from economic development programs. The combination of different risk transfer ap-
proaches and the utilization of diverse risk-linked financial instruments provide an oppor-
tunity to establish more effective coverage for catastrophe exposures.

This study follows an analytical risk management process that begins by identifying the
major hazards to which the countries of Latin America and the Caribbean are exposed. It
then outlines the risk exposures related to these hazards, evaluates opportunities for risk
transfer and presents examples of financing options in various countries.

The document forms part of a series of studies that the Inter-American Development
Bank’s Sustainable Development Department is undertaking in the area of financial plan-
ning for natural hazards. As part of the overall Bank strategy for proactive disaster risk
management, this document focuses on the use of alternative financial instruments to
cover different layers of risk.

Janine Ferretti Pietro Masci
Chief Chief
Environment Division Infrastructure and Financial Markets

Division
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Executive Summary

Direct economic exposures to natural disasters
have been increasing significantly throughout the
world and have hit the developing countries, in-
cluding Latin America and the Caribbean, dispro-
portionally hard. This development is partly a
function of an expanded base of economic assets
in a growing global economy that has increased
direct economic exposures. It also reflects a short-
age of effective efforts to mitigate the implied
risks and, possibly, a higher frequency and inten-
sity of certain natural phenomena. In the face of
mounting direct losses associated with natural
disasters, countries throughout the region have
received help also from multilateral institutions to
provide the needed funding for post-disaster re-
construction. The availability of such ex post
funding constitutes a moral hazard issue as it fa-
vors political inaction and displaces the need to
consider the socioeconomic consequences of natu-
ral disasters before they happen.

The direct losses from catastrophe events have
been expanding at a much higher rate than aver-
age GDP growth over the past decades. In addi-
tion, international aid flows in general and those
dedicated to disaster recuperation efforts, specifi-
cally, have not grown. Consequently, the current
situation is likely to have repercussions sooner or
later for exposed countries unless they seek in-
creased action in prevention and a more pro-
nounced participation of the private sector in the
funding of disaster reconstruction projects. There
seems to be a need to take a more proactive ap-
proach to assess, manage, and finance underlying
catastrophe risk exposures. In this process gov-
ernments should assess a country’s overall catas-
trophe risk exposures on an ongoing basis, evalu-
ate potential payoffs from risk mitigation efforts,
and establish reasonable funding arrangements for
retained risk exposures to obtain reasonable finan-
cial cover in advance. Such an approach repre-
sents an opportunity to turn potential future disas-
ter situations into positive economic growth sce-
narios, as the catastrophe financing arrangements
allow faster replacement of old capital investment
with new more productive assets.

The catastrophe risk financing approach can be
applied effectively to country settings by adopting
simulation techniques or other methodologies to
analyze catastrophe risk exposures and, using dif-
ferent risk transfer and financing instruments
available in international financial markets, to
shield nations from the extreme economic effects
of these exposures. Governments can approach
this challenge in practical terms by establishing
different insurance vehicles to create reasonable
and affordable covers for excessive economic ef-
fects associated with natural hazards. This implies
that governments should consider different types
of insurance vehicles geared to cover public and
private asset exposures respectively.

As the supply of insurance in Latin America and
the Caribbean grows, so should the coverage of
public assets. This could take place partly through
local insurance companies as well as by exploiting
risk transfer opportunities available in the interna-
tional financial markets. This coverage can be
combined with financial protection through con-
ventional calamity funds, especially for higher
risk situations.

Insurance pools backed by governments may be
established to deal with economic exposures of
private assets, notably housing, because they pro-
vide the means to offer commercially based insur-
ance policies to the public without any direct op-
erational involvement by the government. The
insurance pools could work closely together with
local insurance companies, whenever possible,
and take advantage of new international risk fi-
nancing solutions. Ideally, these insurance vehi-
cles have the potential to support local insurance
industry development while instituting more vi-
able practices in the national insurance markets.

For the multilateral institutions an increased focus
on risk management practices and alternative risk
financing instruments through the establishment
of different insurance vehicles provides an oppor-
tunity to make existing catastrophe risk exposures
more transparent than currently is the case. As a



de facto lender-of-last-resort to the region, the
IDB is already exposed to the economic effects of
natural catastrophes. However, these risks are not
currently being treated explicitly as financial ex-
posures in the institution’s lending practices. This

situation creates disincentives to engage in risk
mitigation and has a potential adverse effect by
increasing economic exposures to natural catas-
trophes throughout the region.



Introduction

The Latin American and Caribbean region is in-
creasingly exposed to the socioeconomic reper-
cussions from natural catastrophes that disrupt
economic activities and social stability, and redi-
rect public development investments. However,
different risk management approaches and use of
alternative risk transfer instruments can facilitate
post-disaster reconstruction and thereby reduce
socioeconomic disruptions. This study identifies
several viable risk financing instruments and ap-
proaches and concludes that market opportunities
exist to establish effective catastrophe risk financ-
ing programs across the region. Tax financed ca-
lamity funds and government sponsored insurance
pools are recognized as possible risk financing
vehicles in exposed countries across the region.
The establishment of calamity funds can provide
incentives for governments to mitigate a country’s
economic vulnerability to natural catastrophes,
although it often is politically difficult to capital-
ize the funds sufficiently. Government sponsored
insurance pools (e.g., using local insurance com-
panies as agents to distribute property insurance)
are an alternative way to provide cover for other-
wise uninsurable catastrophe risks. The insurance
pools can manage different risk layers through
mutual insurance arrangements, cedance in the
global reinsurance market, and issuance of risk
transfer and financing instruments in the interna-
tional financial markets. In either case, the coun-
tries may use alternative risk financing vehicles
and different risk-transfer instruments on a com-
plementary basis to reach more effective risk cov-
erage of the countries’ natural catastrophe expo-
sures.

Each of the risk financing markets provide less
than perfect solutions on their own, which sug-
gests that pooled risk financing vehicles that inte-
grate access to different risk transfer and financ-
ing instruments constitute the best response. The
global reinsurance market is a viable source of
risk transfer arrangements but premiums on catas-
trophe reinsurance contracts are influenced by
historical loss experiences and have been highly
cyclical. Furthermore, the short-term claims fre-

quency in the market has a direct impact on mar-
ket capacity (i.e., reinsurance is a viable source of
risk transfer but is not necessarily a stable source
of catastrophe risk coverage). However, other
types of risk-linked and contingent capital market
instruments may complement the existing risk
transfer and financing techniques. By combining
different risk transfer solutions within suitable risk
financing vehicles, it may be possible to establish
more effective coverage for catastrophe expo-
sures.

The financial market techniques have yet to be
applied in practice to cover catastrophe risk expo-
sures in Latin America and the Caribbean. The
primary insurance markets are generally underde-
veloped across the region, and insurance penetra-
tion is well below the norm for industrialized
economies. In most cases, the poorest segments of
the population have limited access to formal in-
surance coverage and, consequently, remain ex-
posed to the economic and social effects of catas-
trophes. Therefore, there is a need to engage coun-
tries in the development of their local insurance
markets, which might be achieved in conjunction
with the introduction of insurance vehicles that
engage in risk transfer solutions in the interna-
tional financial markets. Such risk coverage pro-
grams would allow the governments to fund re-
construction of important economic infrastructure
after natural disasters without being forced to per-
form disruptive reallocations of financial re-
sources from current economic development pro-
grams on the fiscal budget or impose an excessive
future debt burden on the country.

Catastrophe risks in the region are largely uncor-
related with other risk exposures in the interna-
tional reinsurance and financial markets and,
therefore, represent diversifiable risks that may
attract incremental demand from reinsurance
companies and institutional investors that main-
tain a global perspective. The general outlook in
the global capital markets remains favorable to
new risk-linked investment instruments as institu-
tional investors seek alternative investment oppor-



tunities to consolidate their portfolio returns. This
represents an opportunity for the issuance of new
types of risk-transfer instruments. Hence, the
study outlines relevant approaches to catastrophe
risk coverage that draw on access to risk transfer
instruments available in the international financial
markets and provides a template to assess the fea-
sibility of alternative risk financing solutions for
application in regional economic settings.

A FRAMEWORK FOR
DISASTER FINANCING

The current study is framed around a rational ana-
lytical risk management process, which first iden-
tifies the major hazards that might affect a coun-
try, outlines the resulting risk exposures, evaluates
opportunities for risk transfer and financing solu-
tions, and then arranges financial cover for resid-
ual risks that are deemed to go beyond a prudent
risk profile. The report assumes the perspective of
a national government in its aim to cover public
and private assets. Each step of the general model
is briefly described in figure 1, although the main
focus of the study relates to the risk financing is-
sues depicted in the lower half of the figure.

Identify major natural hazards. The first step in
the risk management process entails the identifica-
tion of the natural hazards that expose important
economic and social assets in the country. It is
important to consider trends and changing fre-

quencies and patterns in this analysis while re-
maining aware that occurrences of catastrophe
events are extremely volatile and hence difficult
to predict.

Outline the contours of direct economic expo-
sures. Based on the identification of the major
hazards and predicted future hazard frequencies
and intensities, vulnerability models can transpose
the hazard analyses into probabilistic estimates of
likely direct economic losses associated with natu-
ral catastrophes. These analyses can use model
specifications with different levels of sophistica-
tion.

Analyze cost/benefits of risk mitigation efforts.
Better construction and building techniques and
protective infrastructure, for example, can reduce
direct economic vulnerability, but there is a trade-
off between the need for up-front investments and
the subsequent reconstruction savings. Risk miti-
gation should be pursued as long as the future
benefits are expected to exceed the up-front costs.

Determine the true government commitments.
Once there is a sense of the potential devastation
that could affect economic assets in the country,
there is a need to determine what pubic and pri-
vate assets the government will and should cover
in a disaster situation. In practice private buildings
receive government compensation even though
these exposures rarely are considered up front.

Figure 1. A Framework for Catastrophe Risk Analysis
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Assess opportunities for risk transfer and finance.
There are limits to the potential benefits from
various risk mitigation efforts, and the govern-
ment must search for ways to transfer and finance
the remaining catastrophe risk exposure that is
deemed excessive. In this process, the government
should monitor reinsurance prices and new financ-
ing opportunities in the international financial
markets.

Analyze cost/benefits of risk financing solutions.
Based on the vulnerability analyses, assessments
of the government’s true economic exposures, and
market opportunities for risk transfer and financ-
ing, the government should establish insurance
vehicles to offer cover for specific risks and en-
gage in up-front financing arrangements within
realistic cost parameters. This analysis is based on
the comparative pricing of alternative solutions
and basic policy trade-offs between advance fi-
nancing arrangements and ex post funding from
multilateral institutions after disaster.

The subsequent sections provide underlying ra-
tionales for the proposed framework and develop
the process elements of a general template for the
assessment of alternative risk financing solutions
in specific country settings and evaluations of re-
lated policy issues. Political and socioeconomic
trade-offs are important elements in the govern-
ment’s considerations. We must accept that there
are no perfect solutions for risk financing but
rather some realistic assessments of the political
and economic consequences of ignoring up front
risk-financing arrangements.

We are here dealing with risk financing ap-
proaches that have been absent from the region so
far and have been largely ignored in most other
developing countries. As a consequence, the re-
port makes deductions based on analytical reason-
ing. Few case studies exist to give practical coun-
try specific insights because the proposed tech-
niques so far have had few applications in emer-
gent markets.



Background

A natural disaster occurs when an extreme natural
event overwhelms a region and seriously disturbs
social conditions and economic activities in the
surrounding society. Natural catastrophes can in-
flict human casualties and invoke economic losses
as productive assets and economic infrastructure
are destroyed. There is a general assumption that
natural catastrophes have an adverse effect on
economic development in exposed countries. An-
ecdotal evidence describing the immediate hard-
ships following disasters supports this claim (e.g.,
Anderson, 2001; Alexander, 2000; Charveriat,
2000). However, despite the possible human dev-
astation associated with disasters, these incidents
also represent opportunities to replace affected
capital assets with a more resistant and efficient
economic infrastructure. Therefore, to the extent
that exposed countries have the necessary finan-
cial resources to replace the economy’s productive
assets, catastrophes may also induce growth over
time. The empirical evidence based on observa-
tions over the past four decades seems to indicate
a largely positive impact on macroeconomic
growth after disasters (Albala-Bertrand, 1993,
2000, 2003; Andersen and Kalavakonda, 2003). In
other words, there is a potential economic wind-
fall from the occurrence of natural catastrophes as
it may allow economic agents in the exposed
countries to introduce more resilient and produc-
tive assets to replace the old economic infrastruc-
ture.

There are, however, a number of caveats to this
phenomenon. It assumes that there is ready access
to the financial means for funding reconstruction
efforts and that the catastrophe events happen
relatively infrequently. Hence, an increase in the
frequency of catastrophes will inevitably impose
further strains on government budgets. Studies
observe that insufficient financing in highly ex-
posed countries leads to diversion of investment
funds in public budgets and, thereby, can be ex-
pected to have adverse effects on long-term
growth (e.g., Benson and Clay, 2002).

Insurance penetration remains relatively low in
developing countries' and it seems to be an ob-
served fact that countries in Latin America and the
Caribbean rely on multilateral institutions, includ-
ing the Inter-American Development Bank (IDB),
to provide the needed financing after major disas-
ter events (Freeman and Martin, 2002). This situa-
tion has the potential to create a moral hazard is-
sue because over-reliance on multilateral aid re-
duces the political incentives to consider and deal
with catastrophe risk exposures before the disas-
ters happen (Andersen and Masci, 2001). By the
same token, it may be wishful thinking to con-
tinue to count on the multilateral institutions, and
the international community in general, to provide
the funding needed for post-disaster reconstruc-
tion efforts in the future. The economic losses as-
sociated with natural catastrophes seem to be in-
creasing at an excessively high rate,” particularly
in developing countries. Moreover, this is happen-
ing in a global environment where development
funds remain limited (Freeman and Martin, 2002).
Looking at the Latin American and Caribbean
region, it is clear that reported direct losses from
natural disasters are evolving in a highly erratic
manner, which also makes it extremely difficult to
make reliable predictions about future loss devel-
opments® (figure 2).

! Casualty insurance premiums typically range between
0.6 and 1.3 percent of GDP across countries in the
region compared to 3 to 3.5 percent of GDP in the
United States.

% The Red Cross World Disasters Report 2001 stipu-
lated an exponential increase in total catastrophe losses
from around US$700 billion during the 1990s to be-
tween US$1,500 and 2,000 billion over the coming
decade.

? This analysis is highly dependent on which time-
buckets are used for comparison. Nineteen eighty-one
was an unusually low loss year whereas losses in 1982
were twice the average of the previous ten-year period.
Here, we use the average annual losses experienced
during the 1971-1980 period as the base for compari-
son to display a reasonable time-series profile. Using
different moving averages to dampen the effect of
year-to-year volatility in the data does not change the
interpretation of the annual loss figures.



Figure 2. Development in 100 = Average 1971-1980 GDP, Direct Losses, and Financial Support in
Latin America and the Caribbean, 1981-2000
(includes data for 28 countries exposed to natural catastrophes during the period)
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Compared to the economic growth experienced in
the region during the same period, it is not evident
that exposures have expanded out of control.
However, consistent with the global experience,
funding made available by the international com-
munity (including loans from multilateral institu-
tions, official development assistance, and bilat-
eral aid) has fallen significantly over the past dec-
ade. Given the outlook for multilateral support
and the extreme uncertainty associated with catas-
trophe losses, it would seem to be for exposed
countries to manage natural hazard exposures
more actively and establish appropriate funding
solutions in advance. If they fail to do so, it is not
inconceivable that there will be a shortfall in fi-
nancial resources available from the international
community to cover the mounting needs for re-
construction investments. Engaging in risk analy-
ses that take account of major disaster exposures
allows governments to consider risk mitigation
programs and establish reasonable risk transfer
and financing arrangements to cover excessive
risk exposures. Hence, by assuming a more proac-
tive risk management approach, exposed countries
can bring themselves into a better position to re-
coup economic momentum after disasters and
avoid the need to negotiate funding arrangements

when they are in a weak financial position after
major hazard events.

The economic effects associated with natural ca-
tastrophes are considered to have a direct and an
indirect component. The direct economic losses
refer to the immediate physical destruction of es-
sential economic assets, comprising private dwell-
ings, small business properties, industrial facili-
ties, semi-public assets (e.g., power plants, har-
bors, airports, etc.), and government assets, in-
cluding economic infrastructure (such as roads,
bridges, telecommunication, etc.) and public fa-
cilities (such as hospitals, administration, univer-
sities, schools, etc.). The indirect economic losses
refer to the subsequent disruption of economic
activities that follow in the wake of natural disas-
ters caused by, for example, production stops, fad-
ing market demand, or failing business interac-
tions. In short, the direct effect refers to the de-
struction of capital stock and the indirect effect
refers to the subsequent impact on income flows.
Normally, we assume a certain relationship be-
tween the destruction of productive assets and a
subsequent drop in the level of economic activity.
The direct losses are reasonably well docu-



mented,® particularly in the case of insured eco-
nomic assets, but there is little consensus on the
size of the indirect economic effect. The indirect
effects are usually determined by economic mod-
eling and assessed in empirical studies of macro-
economic variables in representative cross-
sections of exposed countries.

NATURAL DISASTERS IN
A GLOBAL CONTEXT

The number of registered natural catastrophe
events is increasing rapidly across the globe. This
development is a function of growth in the num-
ber of people, general expansion of economic as-
sets, higher vulnerability of the socioeconomic
environments, and possibly the intensity with
which natural hazards hit human settlements. As a
consequence, the increasing frequency of disasters
is not a purely natural phenomenon (by some re-
ferred to as “Acts of God”). It is as much a func-
tion of the vulnerability of the socioeconomic in-
frastructure in the wake of economic growth as an
environmental phenomenon. This also means that
mitigation efforts, if pursued successfully, can
reduce the vulnerability of key capital assets and
thereby reduce economic exposure to natural ca-
tastrophes.

Total reported economic losses associated with
natural disasters have been increasing steadily
over the past two decades, rising faster than popu-
lation and per capita economic growth rates.” At

+ The major sources of direct economic losses arising
from natural catastrophes include the major global re-
insurance companies, such as Munich Re and Swiss
Re, as they obtain detailed information in connection
with their handling of insured claims. Another major
source is the Centre for Research on the Epidemiology
of Disasters (CRED), Université Catolique de Leuvain,
Belgium. CRED has updated the emergency data since
1900 and now maintains the database in cooperation
with WHO and with support from the Belgian govern-
ment. The data are collected from all publicly available
information sources including major insurance compa-
nies, various multilateral organizations, news media,
etc.

> The loss statistics are less than perfect as the data are
collected from a variety of public sources including
insurance companies, multilateral institutions, and the
new media. However, there is a higher focus on insured

the same time, the development in losses year by
year has displayed a high and increasing volatility
that exacerbates the uncertainty of future loss pre-
dictions. Insured losses have increased as well,
but not as fast as indicated by the aggregate loss
data (figure 3). This trend partly reflects that ca-
tastrophe losses are rising faster in developing
countries than in industrial economies, since most
of the risk exposures remain uninsured in the de-
veloping world. The volatility in total losses may
also partly reflect the inadequacy of the emer-
gency database to capture the true losses arising
from natural disasters in developing countries.
Loss estimates in developing countries are clearly
underrepresented in the aggregate loss indications.
For example, the peak in losses observed in 1995
relates primarily to underinsurance of the esti-
mated losses from the Kobe earthquake in Japan.’®
Hence, the depicted volatility does not necessarily
reflect a phenomenon in developing countries,
although the upward trend in total losses emanat-
ing from natural disasters most likely is underes-
timated in emerging markets.

DISASTER EXPOSURES IN
LATIN AMERICA AND THE CARIBBEAN

The predominant natural hazards throughout Latin
America and the Caribbean are storm events (pre-
dominantly hurricanes), EIl Nifio-related incidents
causing flood and drought, and geological phe-
nomena like earthquake and volcano. The relative
intensity of the natural disasters is normally cap-
tured by the number of people affected by the

losses because these events have the attention of the
major global reinsurance companies and their local
partners as they deal with post-disaster claims. Losses
in developing countries, however, remain largely unin-
sured and therefore get relatively limited attention.
Consequently, only about 25 to 30 percent of the
events registered in developing countries receive for-
mal loss estimates that are included in the global loss
statistics.

® That is, when extreme disaster events happen in de-
veloped economies a smaller share of the total risk
exposure will be covered by insurance. This relates to
the normal practice of excess-of-loss insurance con-
tracts and also reflects a certain degree of underinsur-
ance for extreme natural disaster events also in major
industrialized countries.



Figure 3. The Development in Global Losses from Natural Disasters 1970-2002 [US$ millions]
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event and the direct losses ascribed to the destruc-
tion of economic assets. The Centre for Research
on the Epidemiology of Disasters (CRED) pro-
vides estimates for affected people in approxi-
mately 75 percent of the reported incidents in the
region, as well as loss estimates in around 34 per-
cent of these cases. However, there is less than
perfect co-variation between the two types of in-
tensity indicators.” Part of the seeming discrep-
ancy relates to the incompleteness of the data, par-
ticularly the lack of loss estimates on many of the
uninsured disaster events. Even though the report-
ing is less than complete it is probably the best
and most comprehensive database available.

Earthquakes represent the most costly natural haz-
ards in the region in terms of reported losses. The
highest single losses are ascribed to the Mexico
carthquake of 1985, with a loss estimate of US$4
billion; the 1999 earthquake in Colombia, with a
US$2.9 billion loss estimate; and the 2001 earth-
quakes in El Salvador, which had a total loss es-
timate of US$2.8 billion. Storm events are compa-
rable contributors to the major reported natural
catastrophe losses. The largest single losses relate

" The correlation coefficient between the total number
of people affected and reported losses is 20.8 percent
and the correlation coefficient between number of peo-
ple killed and reported losses is 27.2 percent, i.e., it
might seem like events with more human devastation
are more likely to be associated with a loss estimate.

to hurricane Georges, which caused estimated
damages of US$2.2 billion in the Dominican Re-
public in 1998. The same year, Honduras and
Nicaragua were hit by tropical storm Mitch, which
caused collective damages of US$3 billion. Hurri-
cane Gilbert hit St. Lucia, Jamaica, and Mexico
during 1988 and caused collective damages of
around US$3.4 billion. Major flood events took
place in Venezuela in 1999, causing estimated
losses of US$2 billion, and in Peru in 1997-98,
with estimated damages around US$1.2 billion.
Drought events appear to be less dominant loss
contributors. The major drought event over the
past decade took place in Mexico during 1996
with estimated losses of US$1.2 billion. Assessing
the impact of disaster from different natural haz-
ards, drought and flood have affected the largest
number of people across the region.

Although one should not expect complete compa-
rability in the socioeconomic effects across differ-
ent types of natural hazards, the differences in
assessment may also be influenced by potential
shortcomings of the underlying catastrophe re-
porting. For example, it is more difficult and un-
common to provide loss estimates in long-term
drought situations than in the case of the more
dramatic so-called “rapid onset” events like earth-
quakes and hurricanes (table 1).



Table 1. Major Disaster Exposures in Latin America and the Caribbean, 1971-2001
[percentage distribution]

[percent] Number of Events People Dead People Affected Reported Losses
Drought 17.2 10.9 39.1 12.1
Earthquake 10.7 31.6 12.2 25.3
Flood 48.0 35.2 31.3 34.1
Storm 241 22.3 17.4 28.5
Total 100.0 100.0 100.0 100.0

Source Centre for Research on the Epidemiology of Disasters (CRED).

When a natural catastrophe occurs, productive
assets and economic infrastructure investments
are destroyed, which inevitably disrupts economic
activity. In most cases countries exposed to a
natural catastrophe will experience a drop in GDP
during the year of the event. However, economic
growth tends to spur over the subsequent year as
reconstruction efforts reactivate the economy.
Retrofitting the productive assets may, in some
cases, improve productivity as better technology
is installed. However, the disruption in economic
activity may also have profound effects on the
welfare of individual citizens. On the whole, low-
income groups are deemed more vulnerable to
catastrophe events (because, for example, their
housing is more fragile, they are less likely to re-
ceive early warning information, they have inade-
quate shelter and emergency care facilities, etc.)
(Charveriat, 2000). The poorest segments of the
population are not likely to have personal savings
or affordable insurance to help reinstate their lost
property. Hence, natural catastrophes are expected
to have longer-term adverse effects on income
distribution. Consequently, countries with high
poverty levels are more exposed to disruptive so-
cial effects and also tend to experience more fa-
talities and higher direct losses when disaster
strikes.

However, there is not necessarily a direct relation-
ship between the destruction of capital stock indi-
cated by the reported direct loss estimates and the
subsequent impact on income flows (i.e., the eco-
nomic activity level, in the country). First, many
of the affected economic assets do not constitute
capital stock that has a direct relationship to pro-
ductivity. For example, private dwellings, per-
sonal belongings, and certain regional infrastruc-
tures may have little impact on the overall eco-
nomic activity level within the region or the coun-
try. Loss of private property often constitutes a
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significant portion of the registered losses after
disasters (e.g., Lahiri et al., 2001). Furthermore,
public loss assessments in the immediate after-
math of disasters often tend to overestimate the
magnitude of the physical devastation by any-
where between 20 and 50 percent (Albala-
Bertrand, 1993; Lahari et al., 2001). Finally, the
conversion from changes in the capital stock to
effects on the economy’s income flows should
take a variety of factors into account, such as, the
pre-disaster capacity utilization, the efficiency of
replacement assets, and the economic depreciation
of old capital stock (see box 1).

In an effort to assess the indirect economic effect
of natural disasters across Latin America and the
Caribbean during the past decades, the annual
economic growth data in the years after major
disaster events were analyzed in the exposed
countries. To this effect, a comprehensive statisti-
cal analysis of all countries across the region that
have been exposed to one or more natural catas-
trophes over the past twenty years was performed.
This entailed a comparison of annual real per cap-
ita GDP growth and the annual frequency of dif-
ferent natural disaster events in all the exposed
countries.® The results of this comparative analy-
sis are summarized in table 2 (see also Annex 1).

¥ The comparative analysis was performed as a linear
regression using the countries’ annual real per capita
GDP growth as the dependent variables and the annual
frequency of different natural disaster events (catego-
rized as flood, storm, earthquake, and drought) as inde-
pendent variables. The relative size of the regression
coefficients expresses the impact of disaster events on
economic growth over time, and significance tests de-
termine whether these effects can be considered mate-
rial. Information related to the catastrophe events was
extracted from the CRED database and key economic
data was obtained from the IMF and the World Bank.



Box 1.
The Effect of Natural Catastrophes on Economic Growth

The models applied to analyze the indirect economic effects from natural disasters usually extrapolate the exist-
ing relationship between the country’s capital stock and economic output (the capital-output ratio) onto the di-
rect loss suffered on the capital stock after a disaster.

This approach implies a number of simplifying assumptions (Albala-Bertrand, 1993), for example, that all losses
relate to productive capital stock and that the capital stock is homogeneous, i.e., we are dealing with productive
private assets and public economic infrastructure, such as, factories, roads, telecommunication, educational fa-
cilities, etc., whereas dwellings, private household items, etc., are not supposed to have the same direct relation-
ship to economic output.

Hence, in connection with catastrophe events, the model determines the economic growth rate as:

y=d/c
where; y=AY/Y,d=D/Y,and c=K/Y
and; D = direct economic loss, i.e., the damage to capital stock

Y= GDP, K = capital stock

However, this denotes an upper limit of the potential loss associated with damage to the capital stock, because (i)
the direct losses often are overestimated at the time of the disaster; (ii) losses may affect economic assets differ-
ently, e.g., the least efficient assets are often the most vulnerable; (iii) replacement cost should take the previous
asset depreciation into account; (iv) the economy might not operate at full capacity so a capital loss does not
translate directly into lost income generation; and (v) the new invested assets may be more productive than the
assets they are replacing, i.e., they may have a higher economic multiplier that induces economic growth.

When considering these factors, the net effect on economic growth can be considerably less than the initial esti-
mate using the simple formula, and may even support economic growth if the international community provides
financial means for reconstruction investment.

Another approach is to assess the government’s resource shortfall in funding the required post-disaster recon-
struction investment (Freeman and Martin, 2002) and calculate the economic growth path assuming application
of different risk transfer and financing arrangements. In this analysis the current national revenue (Revy) is de-
termined by:

Rev; = rok * Kap
where; Rev, = GDP, Kap, = capital stock, and rok = return on capital = AY/AK = y/D = y/I

if the replacement investment (/) has the same capital-output ration as the previous capital stock.

The same approach is assumed in other recent analyses of indirect catastrophe effects (Freeman et al., 2002),
where the change in economic growth is determined as:

AGDP = Investment//COR
where; /COR = incremental capital-output ratio, i.e., ¢ in the equation above

The analysis may also be based on a Cobb-Douglas production function (Freeman et al., 2002), in which case a
change in capital assets as a key productive input factor will have an adverse effect on production output pro-
vided the capital stock is considered homogeneous, i.e., the production elasticity of the replacement investment
is the same as the previous capital stock:

GDP = AK“L"™”
where; K = capital stock, L = labor, o = production elasticity of capital
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The results of this analysis indicate negative rela-
tionships between economic growth and earth-
quake and draught events during the year of the
events. However, when the analysis is controlled
for other economic influences, the adverse eco-
nomic relationships of the disaster events are no
longer statistically significant. Conversely, the
results indicate a positive relationship between
economic growth and storm events one year after
the events have occurred and the effect remains
statistically significant when other economic fac-
tors are taken into consideration. In other words,
the analyses do not find significant negative ef-
fects on economic growth after major catastrophe
events. In fact, the results seem to illustrate the
potential growth enhancing effects associated with
storm events. From a political perspective, this
phenomenon represents a moral hazard issue. The
evidence should induce policymakers to ignore
the potential adverse socioeconomic effects of

natural disasters since, by experience, catastrophe
events are associated with increased support from
the international community and higher economic
growth.

The analysis reveals that multilateral development
assistance and international aid flows have a posi-
tive relationship to economic growth after one or
two years. This indicates that multilateral devel-
opment contributions have supported post-disaster
economic development.” However, the central
questions here are whether the dependence on
multilateral aid flows to finance reconstruction is
a prudent policy and whether reconstruction ef-
forts could be effectuated more efficiently by
making the underlying catastrophe exposures
more transparent and establish risk-financing ar-
rangements in advance.

Table 2. Relationship Between Disaster Events and Real Per Capita Economic Growth in Countries
Across the Latin America and Caribbean Region, 1981-2000
(Summary of Regression Results)

[standardized coefficients] | - Annual Real Per Capita GDP Growth(t) ------

MODEL I MODEL IV MODEL V
Flood Events -0.051 0.335 0.007
Flood Events -0.014 -0.002 0.001
Storm Events , 0.021 -0.009 0.005
Storm Events ., 0.098 0.091 0.098
Earthquake Events -0.095 -0.032 -0.041
Earthquake Events 0.029 0.083 0.057
Drought Events -0.082 -0.012 -0.011
Drought Events 0.050 0.056 0.061
GDP Growth 4 0.166 0.142
Gvt. Consumption , 0.610 0.835
Corruption, -0.174 -0.149
Dev. Assistance 0.328
Aid Flows, 0.105

Note:  The figures in bold indicate statistically significant regressions coefficients.

Sources: Data for the regressions were obtained from WDI GDF database, the World
Bank/IMF and the Centre for Research on the Epidemiology of Disasters (CRED).
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® Economic assistance and aid flows are highly corre-
lated with the number of people affected by the disas-
ters, which indicates that the allocation of economic
assistance is affected by the size of reported human
devastation.



Risk Management, Risk Transfer and Financial Markets

The global catastrophe risk exposures seem to be
developing at an excessive rate compared to the
economic growth experienced in different eco-
nomic regions.'® The average compound rate on
total reported catastrophe losses over the past
thirty years shows a growth rate well above 20
percent per annum,'’ whereas GDP has grown at
rates between 2 and 5 percent over the same pe-
riod in different parts of the world.'* Provided this
trend in global catastrophe losses continues, there
is likely to be a shortfall of funding for post-
disaster reconstruction from the international
community, that is, direct losses from catastrophes
are increasing while international aid flows are
stagnant (Andersen, 2003). Hence, it appears
shortsighted for countries with exposures to natu-
ral catastrophes to rely on multilateral support as
the only way to replace capital stock destroyed by
disasters. Nonetheless, governments across the
region have ignored catastrophe risk exposures in
their planning processes and relied almost exclu-
sively on multilateral support for post-disaster
reconstruction (Freeman and Martin, 2002).

The majority of governments in the region ought
to be more conscious about the natural hazards
that expose the socioeconomic assets in their
countries and focus on alternative ways to fund
the need for future post-disaster reconstruction
investments. Post-disaster investments can nor-
mally be covered through risk sharing arrange-
ments effectuated through formal insurance con-
tracts, but most developing countries face a di-
lemma of monumental proportions in doing so
because insurance coverage continues to be low in
emerging markets and the local insurance indus-

' The trend in disaster losses seems to follow an expo-
nential growth path (Red Cross World Disasters Re-
port, 2001).

" Again, the analysis is dependent on the choice of
comparative time-bucket, but using different time in-
tervals to calculate the compound rates does not affect
the 20 percent indication, which is a rather conserva-
tive estimate.

12 Qee, e.g., World Economic Indicators, The World
Bank/IMF.
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tries remain relatively underdeveloped. Lack of
formal building codes and urban planning, for
example, create moral hazards that often consti-
tute insurmountable hurdles in the efforts to intro-
duce affordable property insurance.

Large international insurance and reinsurance
companies do provide risk transfer products with
provisions for catastrophe risk exposures to enti-
ties in developing countries. But these insurance
policies are offered selectively to larger institu-
tional customers and are generally not available to
small businesses and low-to-medium income
households. In reality, access to the international
insurance market is only viable for large industrial
enterprises and government-related entities. The
productive assets in large business enterprises are
usually reasonably well covered through interna-
tional insurance arrangements, whereas govern-
ment entities, despite their effective access to the
international insurance market, largely refrain
from doing so at least on an organized basis
(Freeman and Martin, 2002). As a consequence,
semi-public and government sponsored economic
infrastructure is frequently not covered by formal
insurance contracts. There is also a general short-
age of affordable insurance products for small
business owners and low-income families.

The low penetration of local insurance markets in
developing countries accentuates the need for
some type of government involvement to arrange
insurance coverage for essential economic assets
on a commercially viable basis. Furthermore,
since disaster risks, by definition, constitute expo-
sures that threaten the solvency of insurance com-
panies (e.g., Cutler and Zeckhauser, 1999), there
is a general need for some government interven-
tion to provide cover for these otherwise uninsur-
able risks, a pattern observed in virtually all de-
veloped countries with sizeable exposures to natu-
ral disasters.

Governments throughout Latin America and the
Caribbean generally accept many insurance
claims from the public that normally could be



covered by commercial insurance arrangements if
the insurance market was sufficiently developed
(Freeman and Martin, 2002). These claims include
damages to private property and dwellings as well
as workman’s compensation and other post-
disaster relief payments. Many of these frequently
sizeable claims do not seem to have any direct
relationship to the country’s productive capacity,
but rather relate to social costs associated with
disasters that often carry significant political rec-
ognition. Whereas there may be a need for some
type of government intervention, it is generally
not in society’s interest to involve government
agencies directly in claims coverage. The often
politically loaded task of distributing claims to
needy electoral constituents creates moral hazard
issues and, experience shows, is associated with
inefficient and bureaucratic resource allocation
processes.

Government run systems of claims coverage as
public goods do not have a reputation of high effi-
ciencies (e.g., Epstein, 1996; Priest, 1996). This is
not just a phenomenon in developing economies
but a universal issue applying to developed coun-
tries as well. For example, the U.S. federal gov-
ernment has provided direct catastrophe insurance
through disaster relief programs like the Federal
Emergency Management Agency (FEMA), small
business loans, and various congressional appro-
priations. However, these arrangements tend to
foster misappropriations and moral hazards. Ac-
cordingly, US federal disaster assistance has been
highly correlated with whether or not the presi-
dent is running for reelection (Downton and
Pielke, 2001). FEMA has dispensed relief money
and loans in the wake of hurricanes, floods, fires,
and other disasters but the interventions have of-
ten created an unhealthy reliance on federal re-
sources and have thereby inadvertently contrib-
uted to the continued increase in annual flood
losses (CRS, 1998; Larson and Plasencia, 2001).
As a consequence, government sponsored insur-
ance schemes should be based on commercial and
actuarially sound contractual terms."

" This means that insurance policies establish up front
what is covered and what is not, under what conditions
covers are paid out, and how payments are made. In-
surance premiums are determined on the basis of actu-
arial calculations and could be graduated according to
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Lacking advance assessments of catastrophe risk
exposures and appropriate risk transfer and fi-
nancing arrangements to cover excessive risk lev-
els, a normal government response to the unex-
pected funding needs resulting from large disas-
ters is to divert funds from the public investment
budget. Barring new financial support from the
international community, other funds may be
sourced from higher tax revenues, issuance of new
domestic government debt, and assuming addi-
tional debt obligations from the international fi-
nancial markets including multilateral credit fa-
cilities. Diverting funds from public development
investments will often have adverse longer-term
economic effects (Benson and Clay, 2002), just
like a higher international debt burden can strain
future economic growth. Hence, the increase in
catastrophe exposures and reported disaster losses
combined with overdependence on international
aid flows in a global setting of scarce public re-
sources does not seem to constitute a reliable
route in the longer term.

However, as long as the multilateral institutions,
including the IDB, serve as lenders of last resort
to countries exposed to natural catastrophes, and
effectively provide backstop facilities without
charge, it encourages national politicians to disre-
gard future financial contingency plans. If multi-
lateral institutions always can be counted on to
provide catastrophe financing, it constitutes insur-
ance provided free of charge, and then there are
obviously no incentives to establish financial cov-
ers on commercial terms in the financial markets.
Given the apparent trend of increasing direct ca-
tastrophe losses and a shrinking pool of interna-
tional support, this might not constitute a viable
option in the future. Since the multilateral institu-
tions de facto are assuming sizeable undisclosed
catastrophe risk exposures, they are, sooner or
later, likely to make these risks more transparent
and charge for them accordingly. Even though it
still may be politically convenient to ignore the
potential future economic effects of disaster risks,
there should be good reasons to consciously rec-

the risk profile of the customers’ insured assets to en-
courage risk mitigation efforts. It also means, that no
political favoritism is displayed when the claims are
covered equally for all policyholders in accordance
with publicly available terms and conditions.



ognize the countries’ risk exposures and impose
formal risk management practices to deal with
them.

RISK MANAGEMENT PERSPECTIVES IN
A COUNTRY CONTEXT

Risk relates to the adverse economic and social
impacts inflicted by uncertainty and unexpected
events that are beyond political and managerial
control. The risk concept is, however, somewhat
subjective because the level of uncertainty and the
degree of unexpectedness depends on how risk is
approached. A society that ignores its environ-
ment will be taken by surprise when disasters
happen and hence will be more exposed to the
associated uncertainty. But, a society that recog-
nizes potentially adverse events, and tries to stipu-
late causes and effects of these events will not be
taken by surprise to the same extent, and with
some ingenuity, might be able to reduce the
downsides associated with the uncertainty. In
other words, the more effort a society devotes to
identify, understand, measure, and mitigate the
causes of potentially adverse events, the more it
can reduce the element of surprise and the better it
can manage the inherent risk exposure.

The practical application of the risk concept de-
veloped by the financial industry, which has in-
creasingly been adopted in the corporate sector,
can also be transposed to a country setting to deal
with the country’s risk exposures. Risk manage-
ment has progressed through an ability to quantify
the risks and thereby allow the institutions to
measure, monitor, and manage their financial and
economic risk exposures. It also provides an op-
portunity to consider different risk exposures si-
multaneously, such as financial, casualty, and
economic exposures. This can be important as
many risk factors are interrelated and therefore
should be analyzed within an overall risk man-
agement framework. A country is exposed to a
variety of risk factors just like an enterprise. As
many casualty risks represent independent events
(e.g., auto accidents, fire incidents, etc.), large
institutions with a diversity of exposed entities
may want to self-insure. Conversely, small firms
and households, that are unable to diversify their
risks, should obtain cover in the primary insurance
market. As a country’s public assets are exposed
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to many independent risks, a government may be
better served by self-insuring these risks and
maintain an actuarially determined financial re-
serve to cover future funding needs.

The real challenge relates to exposures to highly
uncertain catastrophe events. Natural catastrophes
happen relatively infrequently and have the poten-
tial to create economic havoc. These loss incidents
cannot be diversified in a regional insurance port-
folio, but to some extent the risk exposures can be
covered in the global reinsurance market. The
global reinsurance sector may, in turn, diversify
these risk exposures among international reinsur-
ance companies through various retrocession ar-
rangements. Hence, it can be argued that a coun-
try’s risk management concerns constitute a two-
pronged challenge to develop an effective local
insurance market to deal with smaller independent
risk exposures that represent normal business
conditions in the economy, and implement risk
transfer and financing schemes that provide finan-
cial resources to replenish important economic
assets after natural disasters.

To deal with these risk management challenges, a
government and its relevant regulatory agencies,
could take steps to identify and survey the key
risk factors that may affect different capital assets
in the country. Assessments of the possible im-
pacts on economic infrastructure allow the gov-
ernment to determine how exposures to certain
risk factors may be reduced through active mitiga-
tion efforts and how residual risk exposures may
be covered through various risk transfer schemes
in the global financial markets. If the vulnerability
to natural catastrophes is reduced (e.g., by enforc-
ing building codes, property registration, etc.),
insurance premiums can be reduced considerably.
It might also be possible to find hedging solutions
in the global capital markets, but the associated
premiums would be proportional to the potential
losses they cover. Therefore, it is in a country’s
interest to mitigate the risks and reduce the eco-
nomic vulnerability associated with natural catas-
trophes.

It seems reasonable to hedge against extreme ca-
tastrophe effects to shield the country’s essential
long-term investment initiatives. It is argued that
financial hedging should be pursued to such an



extent that it ensures cash availability for all
sound investment propositions (Froot, Sharfstein
and Stein, 1994). Others argue that hedging
should be pursued to the extent that it stabilizes
relationships to all essential stakeholders (Miller,
1998). In a country context, this means that hedg-
ing should be pursued to ensure that financial re-
sources remain available to the country at reason-
able costs and that global business relationships
can be maintained even if the country is exposed
to extreme natural catastrophes. A country that is
adversely affected by natural catastrophes, and
lacks the necessary response capabilities, could be
faced with a significant credit downgrading that
reduces access to important funding sources.
Conversely, a country with a stable economic de-
velopment path attracts foreign direct investment
and facilitates needed long-term business partner-
ships, including essential research and develop-
ment ties.

THE APPLICATION OF FORMAL RISK
ANALYSIS TO MANAGE EXPOSURES

A formal country risk management process starts
with the identification of the significant risk fac-
tors that expose the economy. Once the important
risk factors are identified, the country’s vulner-
ability to the various risks should be analyzed and
the implied economic exposures measured to con-
sider effective mitigation efforts. Risk measure-
ment provides a basis for ongoing monitoring of
the direct economic exposures in the context of
environmental changes that may require respon-
sive actions. The monitoring process helps deter-
mine excess exposures that should be covered
through different risk-transfer arrangements.
Hence, efforts to identify, measure, and monitor
essential risk exposures provide a better decision
framework for investments that can promote eco-
nomic growth. In practice the application of the
risk management process builds on a systematic
analysis of all significant risk exposures. Prelimi-
nary analyses of loss records provide background
information to pinpoint major hazards, such as
flood, storm (hurricanes), earthquake, and
drought. Next, the economic impact of the identi-
fied hazards can be determined from computer-
ized model simulations or other simpler means.
The risk exposure profile determined by a model
simulation can provide a basis to establish rele-
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vant risk transfer and financing programs that se-
cure availability of funds for post-disaster recon-
struction (figure 4).

Figure 4. Sequential Catastrophe Risk Analysis

identify major
risk j};ctors

‘model economic
impact of hazards

analyze alternative
insurance costs
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transfer program

The direct economic impact of natural hazards can
be determined by using relatively advanced com-
puter-based simulation models that stipulate the
likely hazard intensities, economic assets exposed
to the hazards, the vulnerability of the exposed
assets, and the replacement cost of damaged assets
(Lester and Gurenko, 2003). The model simula-
tions incorporate hazard occurrence parameters
that identify the intensity of events and the prob-
abilities of their occurrence derived from statisti-
cal distributions of historical events data.'* A sto-
chastic set of hazard events determined by rele-
vant occurrence parameters can be derived from
historical observations of the hazards."> Given the
environmental characteristics of a country or re-
gion, the intensity of the hazard events can then be
simulated at different locations where site condi-
tions may amplify or reduce the impact of the
hazard. The magnitude of the economic exposure
to natural hazards can be derived from data

' Occurrence parameters characterize the hazards. For
example, location, magnitude, and depth can describe
earthquake events, and central pressure, forward veloc-
ity, and direction of landfall can describe hurricane
events.

5 A simulation may incorporate, for instance, a set of
10,000 hazard events.



sources that list public infrastructure or, in the
case of private housing, derived on the basis of
regional population distributions. The size of the
direct economic exposures, that is, the capital loss
or value at risk, can be found by multiplying the
asset inventory list with the average cost of each
asset type. Given the simulated intensities of the
stochastic set of hazard events, the model can
quantify the potential damages that are inflicted
on different asset types across various sites as a
function of the relative quality of assets. The qual-
ity of economic assets can be determined by a
classification of vulnerability, expressed in a vul-
nerability ratio that takes a variety of factors into
consideration, such as, building material, con-
struction type, usage, size, and age. The hazard
intensity in combination with the vulnerability of
the exposed structure determines the degree of
damage inflicted by the event. The economic
damage is measured as the ratio of repair cost to
total replacement cost for the structure at different
hazard intensities expressed in the damage ratio,
technically determined as the product of the vul-
nerability ratio and the hazard intensity of the
natural events.

Total losses are derived from the damage ratio
converted into a dollar amount by multiplying it
with the value at risk for the asset type. The ex-
pected losses can then be found by considering the
probability of the hazard events against the total
losses associated with the events. This can be
done for all the exposed asset classes at each site
and aggregated into regional and country levels as
needed. Hence, the calculation of economic expo-
sures is typically done in sequential modules
where the hazard module determines the potential
intensity of different hazards at exposed sites in
the country, the exposure module outlines the ex-
posed economic assets at these sites and deter-
mine the value at risk, the vulnerability module
determines the damage ratio ascribed to assets
classes of different quality, and finally the /oss
analysis module calculates the total direct eco-
nomic losses of the simulated hazard events (fig-
ure 5).

The calculation of the direct economic risk expo-
sure, the expected loss (EL), can be formalized as
follows:

EL=p*v*h*[CL
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where; p = probability of the hazard event
v = vulnerability factor of capital asset
h = hazard intensity factor
d =v * h = damage ratio
ICL = insured capital loss or value at risk

The exposed economic assets may fall within dif-
ferent categories. There is a broad distinction be-
tween public and private assets. The vulnerability
of public assets such as educational institutions
(e.g., schools and colleges), medical facilities
(e.g., hospitals and health centers), and infrastruc-
ture (e.g., roads and bridges), obviously constitute
important societal and government concerns. Pri-
vate assets may include industrial compounds,
small business facilities, and residential dwellings,
among others. In many cases, industrial assets are
covered through insurance contracts obtained
from international insurance companies. In con-
trast, small businesses and individual dwellings
are rarely insured and therefore in practice often
turn into significant government obligations after
major disasters (Freeman and Martin, 2002).

The key objective in the risk assessments is to
quantify the economic risk exposures of specific
regions and the country as a whole. For this pur-
pose the model simulations develop a number of
key measures for use in ongoing risk exposure
assessments: the average annual loss, the probably
maximum loss, and the loss cost.

The average annual loss (AAL) is the expected
loss per year measured over an extended period of
time. The annual loss figure can be calculated as
the sum of the products between all the event
losses and the associated event probabilities.

The probable maximum loss (PML) measures loss

Figure 5. The Catastrophe Risk Simulation Model
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severity expressed in US dollars or a percentage
of the value at risk. Event losses can be consid-
erably higher than the PML, but the measure pro-
vides a comparative statistic of underlying risk
exposures. PML is not universally defined, but is
frequently defined as the largest likely loss corre-
sponding to a 150-year return period.'®

The loss cost is the part of the insurance premium
that pays for the expected repairs or rebuilding of
damaged assets. It corresponds to the pure pre-
mium charged by an insurance company, but it
does not take administration, adjusting, and un-
derwriting expenses into account nor does it con-
sider requirements for a return-on-capital that in-
surers must include to quote a total premium.

Further outputs from the model simulations in-
clude two types of loss exceeding
probability curves, that is, cumula-
tive distributions indicating the
probability that losses will exceed a
certain amount from a catastrophe
event. The aggregate exceeding
probability (AEP) curve shows the
probability that aggregate losses
from all hazard events in a year will
exceed a certain amount.The occur-
rence exceeding probability (OEP)
shows the annual probability that
the losses for the single largest haz-
ard event will exceed a certain
amount.
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Since the use of catastrophe simula-
tion models is rather complex tech-
nically, simulations are usually per-
formed by specialized consultancies and, as a con-
sequence, are also rather costly. However, there
are alternative and cheaper ways to stipulate loss
expectancy relationships, such as, based on his-
torical loss records maintained by major interna-

1 A 150-year return period event refers to a hazard
impact that occurs with an annual likelihood of 1/150 =
.67 percent. The definition may also differ for different
natural hazards. For example, A.M. Best, a leading
insurance rating agency, considers hurricane PML to
be a 100-year return period and earthquake PML a 250-
year return period.

tional reinsurance companies'’ (Freeman et al.,
2002). Although these methods are less sophisti-
cated, and therefore most likely less precise, they
may provide sufficient insights to establish proac-
tive risk management practices and assess alterna-
tive risk financing policies.

The discussion of the significance of the expected
loss profiles to the national economy takes place
once these profiles are stipulated. The discussion
might center on whether the loss estimates repre-
sent significant economic exposures. As an exam-
ple, if the aggregate exceeding probability curve
(AEP) indicates a 1 percent likelihood of a
US$450 million loss from catastrophes in a single
year (a 100-year event), should that exposure be
insured or could it be partially retained? (Figure
6). To some degree, the answer is subjective and

Figure 6. The Aggregate Exceeding Probability Curve (AEP) - Example

Aggregate one-year loss
(percentage loss of total asset values)

$2,450,000,000

$1,200,000,000

$450,000,000
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depends on what is deemed politically acceptable.
However, if the size of the risk exposure is such
that it would reduce the level of economic activity
and distort the country’s public development in-
vestments, then the exposure is probably exces-
sive.

Hence, it can be argued that the government
should try to shield the country’s long-term in-
vestment programs from extraordinary catastrophe

'7 Given the historical loss profiles for different natural
hazards different software programs can be used to ‘fit’
the parameters of the probability functions that provide
the best match to the historical data.



losses, in which case the measure of reasonable
exposure should be determined in relation to the
size of the approved capital budget. For example,
if the risk assessment indicates a 1 percent likeli-
hood that total catastrophe losses could exceed 25
percent of the annual budget allocation in a single
year, that might be considered too large a risk ex-
posure. The risk managers may therefore suggest
that the government engage in insurance or other
excess-of-loss risk transfer arrangements so the
potential loss is reduced to, say, 10 to 15 percent
of the investment budget, which would be more
manageable, possibly by increasing taxes or do-
mestic and international borrowing. An engage-
ment in insurance contracts would require pay-
ment of up-front premiums reflecting the size of
the expected loss,'® however it would allow the
government to obtain cover for catastrophes that
otherwise might jeopardize the country’s long-
term investment programs.

Once it has been determined what constitutes a
reasonable risk profile given the natural hazards
that expose key economic assets in the country,
the next task is to set up appropriate risk transfer
and financing arrangements. This entails an analy-
sis of the costs associated with various ways to
transfer and finance excessive risk exposures
while assessing different risk management vehi-
cles. Establishing the ideal risk transfer programs
is not a clear-cut task and will entail trade-offs
between the level of risk cover and the cost asso-
ciated with alternative insurance and credit ar-
rangements. If risk transfer prices are too high, it
might be better to accept slightly higher risk lev-
els, at least for some interim period. A key issue
here is to ensure the long-term viability of the risk
management plan. In other words, if the ideal
coverage appears excessively expensive, the pro-
gram may have to accept slightly higher initial
risk exposures.

The entire risk management process should be
conceived as dynamic and ongoing. Since the en-
vironmental conditions continue to change, the
profile of the country’s economic exposure to ca-

'® The insurance premium would also require some
additional compensation for administration, capital
costs, and the uncertainty (risk load) associated with
the exposure and administration costs.
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tastrophe risks should be updated to reflect
changes in climatic patterns, economic infrastruc-
ture, and financial prices, among other variables.
The ongoing efforts to monitor the changing con-
tours of the risk exposure should also entail con-
tinuous evaluations of alternative risk transfer so-
lutions and adjustments to the coverage structure
to take advantage of opportunities in the interna-
tional financial markets. The dynamic character of
the risk management process implies that the identi-
fication of significant risk factors is an ongoing ex-
ercise (figure 7). Simple environmental awareness
or use of more advanced computerized simulation
models can help assess the changing profile of the
economic risk exposure and support the reassess-
ment of the frequency of risk events and their eco-
nomic impacts. It also provides the risk managers
with an ability to evaluate the potential advantages
of different risk mitigation, prevention, and prepar-
edness efforts and thereby provide the underpin-
nings for more effective risk management decisions.

Figure 7. The Dynamic Risk Management Process

)

Monitoring

Reassessment

Identification

Source: Adapted from Culp (2002)

The ongoing monitoring of the country’s overall
catastrophe risk profile provides the means to as-
sess the aggregate effects of identified catastrophe
risks. This makes it possible to determine whether
the country is moving toward an excessive level
of risk and identify needs to modify existing risk
transfer arrangements. By monitoring and main-
taining risk exposures within acceptable limits,
the government can protect essential investment
programs from unwarranted disruptions and bene-
fit long-term economic growth. By establishing
reasonable risk transfer arrangements, the gov-
ernment can also secure funds for reconstruction
of key economic infrastructure after disasters and
avoid time consuming and potentially excruciat-

Measurement



ing negotiations to obtain funding after major dis-
aster events. Natural disaster risks are usually not
managed in a proactive manner because the likeli-
hood of disaster events may seem too distant for
poorer countries that are faced with many other
pressing issues, such as delivering basic infra-
structure services (Andersen and Masci, 2001). As
a result, disasters are often dealt with in a reactive
manner, incurring higher human and social costs
in the wake, while recovery becomes dependent
on the availability of international aid and multi-
lateral credit facilities.

DIFFERENT RISK TRANSFER
APPROACHES AND INSTRUMENTS

From the government’s perspective the initial task
is to determine the type of economic assets that
must be covered through government interven-
tion' following a disaster (e.g., public assets like
educational and health facilities and economic
infrastructure like roads and bridges), and to what
extent the government should be involved in cov-
erage for damages to private dwellings, social
compensation, and other such things. Cover for
different types of economic assets are likely to
require different risk transfer approaches. For ex-
ample, economic infrastructure is considered a
public good. As a result, it probably should be
dealt with directly by the appropriate government
entities and covered through a government risk
management office. Conversely, private dwellings
do not necessarily call for direct government cov-
erage, but may be managed more effectively
through specialized insurance entities operating
on an actuarial and commercial basis. However,
regardless of the choice of institutional structure
to provide coverage, they can all employ three
principal ways to arrange funding for post-disaster
reconstruction:

Disaster funds,

e Insurance and other risk transfer arrange-
ments, and

e Committed credit facilities and contingent
capital structures.

' Assuming that large commercial enterprises are able
to manage their risk exposure on their own.
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The sections that follow briefly discuss the possi-
bilities and conditions in each of these market ar-
eas.

DISASTER FUNDS

When insurance companies receive premiums
from customers against coverage for losses arising
from future risk events, they place a significant
amount of these funds in liquid financial assets as
a prudent invested reserve for future claims™. If
the insurance companies at any point in time have
insufficient funds to cover the accruing insurance
claims, they go bankrupt, which is why reserve
funds of a reasonable size are important to the
long-term viability in this industry. As discussed
earlier, if institutions and/or governments are
faced with a large pool of independent risk obliga-
tions, the risks can be diversified, and self-
insurance is a realistic possibility. To make this
economically beneficial, however, the self-
insuring institutions/governments should be able
to manage the insurance portfolios at least as effi-
ciently as the existing commercial providers in the
insurance market. If that is not the case, it would
be more beneficial to outsource the insurance ser-
vice. Furthermore, disaster funds must have ac-
cess to the necessary financial means when poten-
tial claims arise to remain effective.

The funds can be made available in advance be-
fore the disaster events occur by establishing suf-
ficient invested reserves earmarked for disaster
coverage. Alternatively, future claims may be
covered by assuming additional debt burdens after
the events have taken place or through tax-
increases in the case of the government. A certain
amount of ex ante means is probably needed to
avoid excessively disruptive effects from un-
planned restrictive fiscal policy initiatives. There
are often quite finite opportunities for the incre-
mental tax revenues that can be obtained in an ex
post disaster situation, and therefore, it may not be
a viable route in practice. By the same token, it
may be politically just as difficult to establish
funds with sufficient ex ante cover for all future
risk financing obligations.

0 The major concern of insurance regulators is to en-
sure that commercial insurance providers maintain suf-
ficient reserves to enable coverage for future claims.



INSURANCE AND OTHER RISK
TRANSFER ARRANGEMENTS

Primary insurance companies insure things like
homes, factories, inventory, and crops, by means
of comprehensive policies that usually include
some cover for catastrophe exposures.”' Since the
base of these risk exposures represents independ-
ent event risks, they can be diversified across
large insurance pools and losses can be deter-
mined actuarially. Excessive risk exposures to
natural hazards may be covered through primary
insurers in facultative reinsurance arrangements.
Parts of the insurance portfolio may also be ceded
to reinsurance companies on a proportional basis
so the exposures are diversified further across the
global insurance community. The insurance com-
panies use their reserves to cover extreme claims
as is the case in the aftermath of a natural disas-
ter.”> After major events the market participants
must increase the insurance premiums to rebuild
their reserve positions. Some of the weakest in-
surance companies may go bankrupt, which will
reduce the capacity for catastrophe insurance.
Consequently, prices for catastrophe insurance are
highly cyclical and influenced by the occurrence
of major disasters. Hence, premiums rose after
hurricane Andrew in 1992 and eased in the subse-
quent years (1995-1999). Severe windstorms
caused prices to firm again in 1999, while the
September 11 terrorist act strained the market ca-
pacity further from 2001 onward (figure 8).

The tighter market conditions for reinsurance of
catastrophe risk in the mid-1990s induced the de-
velopment of alternative risk-transfer opportuni-
ties in the capital market. Large institutional in-
vestors are familiar with market risk and diversify
their portfolios to optimize the implied risk-return
relationship. Hence, they can absorb sizeable
natural catastrophe risk exposures in their portfo-
lios. The catastrophe risks are uncorrelated with
existing market risk and provide a basis to further
diversify the invested portfolio and thereby fur-
nish higher returns for given levels of portfolio

*! In regions that are highly exposed to natural catas-
trophes these exposures could, however, be explicitly
excluded in the policies.

2 Natural catastrophes constitutes relatively rare events
with extreme loss potentials.
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Figure 8. Catastrophe Reinsurance Prices 1990-2002
(Rate on line, ROL) [1990 =100]
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Source: Guy Carpenter (2002)

risk (Heike and Kiernan, 2002). This led to the
introduction of catastrophe bonds (cat-bonds for
short) and other types of risk-linked securities that
now constitute a well-established niche in the
capital market.

Large unbalanced risk exposures, such as catas-
trophe risks, are often ceded in the reinsurance
and capital markets as facultative nonproportional
treaties. Facultative treaties provide cover for in-
dividual risk factors (e.g., flood, windstorm,
earthquake, etc.). A nonproportional treaty typi-
cally defines a deductible, net retention or attach-
ment point, up to which the ceding insurer will
cover all losses. The reinsurer is then committed
to cover losses in excess of the deductible up to a
certain amount referred to as the exhaustion point.
Coverage within the attachment and exhaustion
points is commonly referred to as a layer (figure
9).

Figure 9. Reinsurance Layers

Loss limits

[USD million

800 Exhaustion

Layer

400 Attachment




The cost of reinsurance coverage is typically indi-
cated by the rate-on-line (ROL) derived as the
premium divided by the covered insurance limit
(e.g. Froot, 1999; Guy Carpenter, 2000):

ROL = Premium/Cover limit
In turn, the price of the reinsurance cover can be
indicated in relation to the actuarial probability
that the full loss within the covered limit will oc-
cur:

Price = ROL/Actuarial probability - 1
= Premium/(Actuarial probability x Cover limit) —
1

Hence, a price of zero means the insurance cover
can be obtained at a premium equal to the ex-
pected loss or loss cost. A positive price means
that there is a charge in excess of the expected
loss. This premium over the expected loss reflects
the high uncertainty associated with losses from
catastrophe events:

Premium (Pey) = Px Ocat / Gnon-cat xCover limit

where; p = probability of catastrophe event

Ocat = standard deviation of catastro-
phe losses

Onon-cat standard deviation of non-

catastrophe losses

Due to the high dependence on recent event
losses, the premium relation can be further ex-
pressed as:
Peatt = Px Ocat/Onon-cat x108sy/10ss,.; xCover
limit
where;
loss; = loss claims in current period t
loss,.; = loss claims in previous period t-1

Hence, the excess-of-loss premiums (XL rates)
will increase for the higher insurance layers where
the occurrence of catastrophe losses is considera-
bly more uncertain even though the likelihood of
events decreases (Pollner, 2001a).

The catastrophe insurance cover can be organized
within different layer structures where a ceded
risk exposure may cover a portion of the total loss
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between the attachment and exhaustion point (fig-
ure 10).

Figure 10. Layered Reinsurance Program - Example
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Asset securitization has become an important
funding alternative for banks and the securitiza-
tion technique has been widely applied to mort-
gage loans, automobile loans, and credit card debt.
The asset securitization technique has also been
transposed to the market for catastrophe insurance
so catastrophe risk exposures can be transferred to
investors in the capital market (e.g., Litzenberger
et al., 1996; Froot et al., 1998). This approach has
been widely adopted in the issuance of catastro-
phe bonds and risk-linked securities. The catas-
trophe risk transfer opportunities in the capital
market have primarily been exploited by the ma-
jor insurance and reinsurance companies as a way
to obtain complementary coverage when cedance
in the reinsurance market has been restrictive, but
has also occasionally been applied directly by
corporate entities.”

» E.g., Oriental Land Co. (Tokyo DisneySea®, Disney
hotels and the Disney Resort Line) and more recently
Vivendi covering its Universal Studio assets against
earthquake risk.



A cat-bond or risk-linked security is typically
structured around a special purpose vehicle estab-
lished in a tax favorable jurisdiction®* (e.g., ISO,
1999; Standard & Poor’s, 2000). The SPV issues
the securities and receives cash from the inves-
tors’ initial purchase. The SPV engages in an in-

receive a favorable spread above Libor to com-
pensate for the inherent catastrophe risk, that is,
they are not sure to receive the full principal back
at maturity if there is a catastrophe event in the
interim (figure 11).

Figure 11. Risk-linked Security (Cat-Bond) Structure - Example
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surance contract with the ceding entity, which in
turn, pays a lump sum or periodic insurance pre-
mium. The insurance contract typically provides
the cedant with a risk cover on an excess-of-loss
(XL) basis corresponding to common practice in
the catastrophe reinsurance market. Hence, the
ceded risk exposure may cover losses associated
with a particular insurance layer. The SPV places
most of the initial proceeds in liquid low risk se-
curities held in a trust account as collateral for the
debt service. The SPV is rated by a credit agency
such as Standard & Poor’s, Moody’s, or Fitch.
Most tranches are rated BB/Ba (i.e., below in-
vestment grade), although other tranches may re-
ceive a higher rating if there is a lower potential
loss of the collateralized trust account. In general,
the ratings are graded in accordance with the im-
plied loss probability (McGhee and Eng, 2003).
The SPV may engage in a fixed-floating interest
rate swap that converts the fixed coupon payments
into Libor-based floating rate payments and
thereby reduces the implied interest rate risk of
the cat-bond. Investors in risk-linked securities

* There are several tax issues related to the establish-
ment of SPVs in the United States. Hence, most SPVs
have been established in Bermuda, the Cayman Island
or Ireland, which allow reinsurance companies to es-
tablish the SPVs as separate entities that maintain zero
or favorable tax status.
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losses

The analysis of the underlying catastrophe risk
exposure is a critical element in the investors’
evaluation of the cat-bonds. The probabilistic
simulation analysis is normally performed by a
specialized consulting firm, such as Applied In-
surance Research (AIR), EQE International, or
Risk Management Solutions (RMS). The cat-
bonds use different criteria to trigger compensa-
tion under the reinsurance contract. Indemnity
contracts provide compensation based on claims
for actual losses incurred by the ceding party. The
cedant obtains close to perfect coverage for losses,
but the cat-bond investors incur risks related to
moral hazard and adverse selection, because there
is no guarantee that the cedant will mitigate losses
once the cat-bonds are placed, and as an insider,
the cedant may know more about the risk expo-
sure than the investors. The trigger could also
constitute a predefined loss index, such as the Guy
Carpenter Catastrophe Index or the PCS Index.
This would eliminate the moral hazard and ad-
verse selection issues because the index is well
defined and objectively determined, but a stan-
dardized index exposes the cedant to an element
of basis risk, because the index may be less than
perfectly correlated with the actual losses. The
triggers could also build on indicators of the event
intensity (i.e., occurrence parameters, such as,
wind speed, wave height, rainfall, etc.). These
indicators can be measured objectively and con-



strued to closely resemble the parameters of the
underlying catastrophe simulation model. They
may, therefore, better accommodate both cedant
and investors. In effect, this constitutes a paramet-
ric approach where triggers are developed to re-
flect the cedant’s exposure as defined by objective
and measurable catastrophe indicators. There has
been a trend toward index-based and parametric
formulas in recent years. There have been numer-
ous risk-linked securities transactions since 1997
that provide total risk coverage in excess of US$6
billion. The market for risk-linked securities is
now well-established and constitutes a steady
element of the global capital market targeted to-
ward risk transfer at layers with loss probabilities
between 0.4 and 1.0 percent, corresponding to
250- to 100-year events. The two dominant catas-
trophe risks covered by risk-linked securities are
earthquake and storm, which are both rapid onset
events. More emergent events like flood and
drought so far have received little notice in this
risk transfer market.

The risk transfer characteristics of the cat-bond
structure can be replicated in catastrophe risk
swaps, where the cedant commits to make regular
fixed payments equal to the insurance premium
against receipt of variable compensation payments
for loss claims (figure 12). This structure resem-
bles the payment flows in a conventional insur-
ance contract and the insurance agreement in-
cluded in a cat-bond. Like these contracts, the ca-
tastrophe risk swap can incorporate different trig-
gers, such as claims, indexes, and indicators in
parametric formulas. The potential benefit of the
risk swap is that it can be established directly with
a counter-party based on standardized swap docu-
mentation that may make it faster and cheaper.
However, the catastrophe risk swap also entails a
direct counter-party risk.

A variety of financial derivatives on catastrophe
risks were introduced during the 1990s as a prom-
ising venue to manage catastrophe losses (e.g.,
Cummins and Geman, 1995; O’Brian, 1997). The
initiatives included futures and options contracts
based on the Guy Carpenter Catastrophe Index
(GCCI) offered by the Bermuda Commodities
Exchange, and contracts based on catastrophe
losses reported by the Insurance Services Office
(ISO) and the Property Claims Service (PCS) ca-
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Figure 12. Catastrophe Risk Swap Structure
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tastrophe index, all of which are offered by the
Chicago Board of Trade (CBOT). However, these
contracts were not able to establish sufficient li-
quidity and the markets have since closed due to
insufficient interest.”

COMMITTED CREDIT FACILITIES AND
CONTINGENT CAPITAL

Other instruments, such as committed credit fa-
cilities and contingent capital, provide financing
rather that risk transfer solutions. In other words,
they ensure that funds can be drawn down on pre-
determined conditions in case a need arises after a
major disaster. So, the funding availability is
guaranteed, but even though the immediate terms
of credit are known, the loan proceeds must be
repaid, and inevitably adds to the country’s debt
burden. This is in contrast to insurance arrange-
ments where funds covering extreme losses in
case of disaster have no requirement of repay-
ment. Obviously there is a need to make advance
payment of insurance premiums that partially re-
flect the probability of future losses. However,
advance credit commitments are not free either.
Financial institutions may offer committed revolv-
ing term facilities that provide funding by rolling
over short-term credits at a fixed spread over a
variable rate indicator like Libor. These commit-
ted facilities typically require a commitment fee to
cover the implied interest rate, liquidity, and
credit risks associated with the commitment.

** The Chicago Mercantile Exchange (CME) has intro-
duced very successful futures and options contracts
based on the Heating Degree Day (HDD) and Cooling
Degree Day (CDD) indexes that provided opportunities
to hedge against the volumetric risk effects associated
with changes in weather conditions. Successful con-
tracts have also been established on energy prices, e.g.,
crude oil, natural gas, electricity, etc. that may be cor-
related with meteorological events.



Contingent capital arrangements are typically of-
fered by insurance affiliates and guarantee the
issuance of medium term debt instruments on pre-
determined terms when certain risk related trig-
gers are activated (Colarossi, 1999). Contingent
capital instruments, such as surplus notes, consti-
tute put options that give the holder the right to
place securities on predetermined conditions once
a catastrophic event triggers exercise. The issuer
of the options requires payment of option premi-
ums to retain the commitment. So far, contingent
surplus notes have been issued to an aggregate
market value of around US$8 billion, primarily in
cover of the commercial risk of private insurance
companies. At this point, none of these facilities
have been issued to cover credit to developing
countries in case of catastrophe events. In prac-
tice, contingent capital instruments have been
largely irrelevant to developing countries, because
the multilateral institutions have been willing pro-
viders of credit when natural disasters hit. If it is
true that catastrophe funding normally can be ex-
pected to be forthcoming, the multilateral institu-
tions are de facto providing contingency capital to
developing countries, but without any charge.

INSTRUMENT CONCERNS
AND TRADE-OFFS

The government’s choice between risk financing
and risk transfer and the specific structure of the
instruments will be influenced, among other

things, by concerns about moral hazard, adverse
selection, basis risk, and counter-party risk issues.
Moral hazard can arise when an insured party has
obtained cover and no longer has an incentive to
mitigate future losses. Adverse selection can arise
when the insured party knows more about the risk
exposure than the insurance company and tries to
take advantage of it. Basis risk can arise when the
indicators used in the insurance instruments differ
significantly from the value of the risk exposure it
is intended to cover. Counter-party risk arises
when the insured party depends on the future sol-
vency of one or more counterparts that cover the
obligations under a hedging contract. Disaster
funds, insurance treaties, risk-linked securities,
catastrophe risk swaps, and contingent capital in-
struments have different attributes vis-a-vis these
issues (table 3). All insurance contracts and catas-
trophe risk swap agreements are exposed to
counter-party risk, because future coverage de-
pends on the solvency of the insurance and rein-
surance companies that underwrite the contracts
and back the swap obligations. Conversely, the
issuance of cat-bonds and risk-linked securities
are not prone to counter-party risk, because the
institutional investors that buy the securities pay
cash up front and the proceeds are placed in trust
to cover any claims under the embedded insurance
contract.

Engagement in conventional insurance treaties
based on actual losses and indemnity claims are

Table 3. The Relative Importance of Risk Concerns in Instruments and Structures

[+] = important

----- Relative Importance of Concern ------

Moral Hazard

[-] = not important |

| Aduverse Selection |

Basis Risk | Counterparty Risk |

1. Disaster Funds | -

L1
2. Insurance Treaties

- actual claims +
- standard index -

- parametric formula -

3. Risk-Linked Securities

- actual claims +

- standard index -

- parametric formula -

4. Contingent Capital -

! including catastrophe risk swap agreements

25



exposed to moral hazards and adverse selection
because once the contracts are written there are no
incentives for the insured party to pursue risk
mitigation efforts. However, they are not exposed
to basis risk because coverage corresponds with
actual claims. Using instead index-based triggers
to call the insurance coverage eliminates the
moral hazard and adverse selection issues, but it
also creates a basis risk because the index may
develop differently from the actual losses in-
curred. Adopting a parametric formula as a trigger
reduces the implied basis risk, and may almost
eliminate it if done appropriately. The insurance
contracts incorporated in the risk-linked securities
are exposed to the same concerns as formal insur-
ance contracts, but have the potential advantage of
not being exposed to any counter-party risk. Sub-
scribing to contingent capital, including contin-
gent surplus notes is not exposed to moral hazard
and adverse selection because these arrangements
do not entail any claims coverage, but only pro-
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vide financing facilities that must be repaid ac-
cording to a predetermined indenture agreement.
However, contingent capital may be exposed to a
basis risk to the extent that the trigger for exercis-
ing the underlying option only is loosely associ-
ated with indicators characterizing the catastrophe
events. There is also an element of counter-party
risk because the holder of the surplus notes de-
pends on the issuing financial institution for its
ability to honor the contract on the agreed terms.
There are obviously other factors that influence
the choice of financial instruments, such as the
comparative cost of different alternatives, the
need for aggregate cover, and the affordability of
available covers. The structure of the financial
instruments may also exert some influence on
costs. Moral hazard and adverse selection issues
increase the uncertainty of catastrophe exposures
and therefore make the insurance premiums more
expensive.



Alternative Risk Financing Vehicles

The first issues to consider before making assess-
ments about the need for particular risk manage-
ment approaches is to determine the major natural
hazards that expose the country’s economic as-
sets. Assuming that the largest commercial enter-
prises are capable of managing their own catas-
trophe risk exposures through access to domestic
and international insurance markets, the major
concern relates to the financial commitments gov-
ernments assume directly or on behalf of indi-
viduals and small to medium-sized businesses
after major disasters. Hence, the exposed eco-
nomic assets of importance to government in-
volvement can be broadly classified into public
and private assets. A significant portion of the
governments’ commitments after disasters relates
to private assets, primarily houses and dwellings,
although other private obligations might arise
from agricultural and other business losses and
support programs for the poor (Lahiri et al., 2001;
Freeman and Martin, 2002; Pettersen et. al.,
2005). Governments do not have formal obliga-
tions to cover private sector losses, but reim-
bursements for losses on private housing seem
universally accepted as a public obligation of high
political significance.

The low penetration of property insurance is a
function of underdeveloped private insurance
markets in most developing countries, which in
turn has its roots in moral hazards associated with
un-enforced building codes, uncontrolled urban
expansion, poor building quality, insufficient in-
frastructure, etc. These are tough obstacles, but in
addition to those, it is also recognized that expo-
sures to extreme catastrophe events are uninsur-
able on commercial terms, also in developed
economies. Hence, the private insurance market is
often unable to provide cover for pure catastrophe
risks, so other methods must be found to make
insurance protection available to the public in
cover of these risk exposures, for example through
public insurance pools and different private-public
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partnerships.®® In this case, there should be an ap-
propriate balance between the government in-
volvement and commercial insurance practice.
Public nonactuarially determined allocation proc-
esses usually turn out to be ineffective ways to
manage reconstruction in the post disaster period,
which applies to developing as well as developed
countries (please refer to the discussion above).
However, the coverage of catastrophe risks could
be furnished through insurance vehicles that oper-
ate in accordance with commercial and actuarial
principles with arms-length government involve-
ment or a stated commitment from the govern-
ment to act as insurer of last resort, if, for exam-
ple, losses exceed the capacity of an insurance
pool.

The exposure to different types of public sector
assets is clearly a central government obligation
and normally does not need the same degree of
market intervention as the insurance coverage of
private assets, because the government already
has full control over the exposed economic assets.
Nonetheless, many public assets in Latin America
and the Caribbean remain uncovered and existing
insurance covers are not effectively executed, co-
ordinated, and monitored (Freeman and Martin,
2002; Pettersen et. al., 2005). In short, there does
not presently appear to be any significant consid-
eration of direct catastrophe risk exposures to the
public economic infrastructure or other govern-
ment obligations arising in connection with natu-
ral disasters. This underlines a need to engage in
formal risk management processes at the central
government level to determine the contours of the
major public economic exposures and analyze the
need for different risk transfer and financing ar-

1t should also be recognized that “uninsurability”
may relate to the willingness of agents to insurance at
prevailing costs. For example, homeowners might not
be willing to insure even if private insurance were
available if it is considered too expensive or if the gov-
ernment is expected to eventually bail out the unfortu-
nate. In this situation a government may want to con-
sider mandatory insurance schemes that are managed
professionally on an arms-length basis.



rangements. These arrangements would most
likely have to be adapted to serve the specific eco-
nomic assets they seek to cover. For instance, in-
surance of private housing exposures should be
established in a manner that makes it possible to
distribute insurance policies on a commercial and
actuarially sound basis to the public, while cover
for the public infrastructure can be arranged di-
rectly by government entities. Under all circum-
stances, the government’s overall risk obligations
should be managed within an integrated manage-
ment system that takes all catastrophe exposures
into account.

GOVERNMENT INTERVENTION
AND INVOLVEMENT

As discussed, there is general consensus that gov-
ernments must play a role to ensure that risk-
transfer opportunities are available to the public
for otherwise uninsurable catastrophe risks. How-
ever, there is no final agreement on what the gov-
ernment role should be. It is argued that govern-
ment imposed catastrophe insurance schemes are
needed because the uninsurable catastrophe risk
exposures constitute excessive loss potentials that
cannot be covered through normal commercial
insurance arrangements. It is further argued that
governments should be willing to cover a large
part of the uninsurable risk exposures as the in-
surer of last resort. Supposedly, government debt
has no default risk within the country, so the gov-
ernment can, at least theoretically, issue risk-free
local currency denominated debt instruments and
thereby obtain funding for excessive catastrophe
losses at the lowest possible costs. Government
supported insurance schemes arguably have better
access to risk capital compared to commercial
counterparts, but in practice governments are also
subjected to financial constraints (Freeman and
Martin, 2002).

There are also potential downsides associated with
excessive government guarantees for catastrophe
risk exposures, because it can encourage aggres-
sive behaviors among commercial insurers to the
detriment of the solvency of the domestic insur-
ance industry (Bohn and Hall, 1999). The gov-
ernment could intervene more indirectly by sup-
porting primary insurers in the country. For ex-
ample, this can be done through the issuance of
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catastrophe call options that cover losses on an
excess-of-loss basis (Cummins et al., 1999). Un-
der this structure, the insurance companies would
have to pay an up-front option premium to the
government as compensation for the expected fu-
ture payouts under the contract. The option struc-
ture could extend the insurance capacity in the
market and yet limit direct government involve-
ment in claims distributions after major natural
disasters. The latter solution, however, assumes
that the commercial insurance sector is otherwise
capable of covering all the insurance needs of the
public, which may be a stretch in many country
settings.

In its quest to cover economic assets of public
concern, the government may use a variety of ap-
proaches, such as, calamity funds, insurance
schemes, and public insurance pools, and possibly
combine them to provide better cover for different
economic assets with different catastrophe expo-
sures. In principle, government induced insurance
schemes can be classified in three major ap-
proaches to deal with uninsurable public catastro-
phe risk exposures; namely, tax-funded calamity
funds, national insurance programs, and govern-
ment-backed insurance pools. For the govern-
ment, it is not necessarily a question of choosing
one approach over another. Rather, the issue is to
adopt an approach that is suitable for particular
economic assets and structure it to deal effectively
with the identified catastrophe exposures. This
may well mean that different approaches can be
combined while using a variety of available risk
transfer and risk financing instruments to accom-
plish the task.

TAX-FUNDED CALAMITY FUNDS

The government can establish disaster funds in-
tended to deal with the adverse effects observed in
connection with natural disasters. For example,
risk mitigation funds are introduced, for among
other reasons, to finance investments for structural
improvements to government buildings and public
economic infrastructure (like roads and bridges,
etc.) that will help reduce their vulnerability to
catastrophe events. A mitigation fund can facili-
tate new initiatives that support disaster preven-
tion. Other funds may be established to focus on
mitigation of the adverse effects on the poor by



supporting social investments that improve living
conditions (Siri, 2001). Such mitigation funds can
be useful by providing the financial means to re-
duce the economic exposures of natural catastro-
phes, but they cannot eliminate the risk expo-
sures.”” The aggregate loss potential can be sig-
nificantly reduced through conscious mitigation
efforts, but a sizeable residual exposure will re-
main on essential economic assets that must be
repaired or rebuilt after major disasters. The gov-
ernment can establish calamity funds to provide
funding for these reconstruction purposes. The
basic idea is for the government to establish a fi-
nancial reserve that, for instance, could be in-
vested in a liquid securities portfolio, earmarked
for specific reconstruction purposes after major
catastrophes. The government can make the
needed funds available from tax revenues and as-
sign them to the fund with the specific purpose of
financing economic restitution after natural disas-
ters. The fund can make the financial means
available for post-disaster reconstruction as direct
disaster relief or in the form of low-interest loans.
The fund must be sufficiently provisioned in ad-
vance to the guarantee availability of the means
needed for reconstruction, which often represents
a major challenge.

Tax-funded calamity funds are based on the prin-
ciple that governments, as self-insurers, provide
the financial means needed to cover the economic
losses associated with disasters. However, in
many cases the funds remain undercapitalized and
therefore may not be as effective as intended. The
establishment of tax-funded calamity funds with a
sufficiently large capital requires political com-
mitment, which often is difficult to muster in
practice. The consequence of insufficiently capi-
talized funds may inadvertently be to weaken in-
vestment for economic development, because the
country’s tax base and debt capacity is finite.
Therefore, the government may try to deflect

*7 Risk mitigation investments are exposed to the laws
of economics, that is, initial investments may lead to
significant exposure reductions, but subsequent initia-
tives will face diminishing returns. As the marginal
effect in risk reduction diminishes, the country will
eventually reach a point where new mitigation initia-
tives are too costly compared to the potential benefits
(Freeman and Martin, 2002).
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funding from other parts of the government
budget to finance needed reconstruction efforts.
Hence, tax-funded calamity funds must receive
adequate ex ante funding provisions to remain
effective stand-alone vehicles for catastrophe risk
financing. The establishment of calamity funds to
support post-disaster reconstruction efforts does
not in itself pose any issues with moral hazard,
adverse selection, basis risk, or counter-party risk
because the government pays up-front and the
fund retains ownership of the invested means as a
reserve for future investment needs in accordance
with the statutes of the fund. However, the way
the fund manages loss claims and appropriates the
financial means to the public after disasters can be
wrought with moral hazard issues.

When people can expect the government to cover
catastrophe related risk exposures there is no
longer a motivation to improve the quality of ex-
posed assets and reduce their vulnerability to dis-
aster events. This may cause higher aggregate
losses than would otherwise be the case. It might
also reduce the incentives for households and
small businesses to buy insurance policies to the
detriment of the commercial insurance industry. If
the government can be expected to cover the brunt
of private losses without any advance or ex post
costs to the exposed private parties, there is no
logical reason why households and business enti-
ties should pay commercial insurance premiums
to obtain coverage that is already made available
by public means. Therefore, to the extent a gov-
ernment decides to provide some form of compre-
hensive coverage for catastrophe risks, it may be
wise to consider a compulsory insurance scheme
to increase public risk awareness and reduce the
moral hazard issues.

NATIONAL INSURANCE PROGRAMS

The underlying rationale of insurance schemes
derives from the ability to diversify the risk expo-
sures and spread the implied loss claims across a
large number of constituents. In the case of inde-
pendent risk events, regional insurance portfolios
may provide sufficient diversification and estab-
lish an actuarial base to determine appropriate
insurance premiums. Catastrophes that represent a
series of highly dependent event risks at the re-
gional level may be diversified on an international



scale by global reinsurance companies that spread
different catastrophe risk exposures across the
reinsurance industry through various retrocession
arrangements. As discussed previously, different
probabilistic simulation techniques can be used to
determine appropriate premiums on catastrophe
insurance, although prices may be highly influ-
enced by the uncertainty associated with the loss
potential of catastrophe events and the short-term
loss history in the catastrophe insurance market.

Once the insurance premium has been paid, the
insurance contract will recover losses without any
obligation to repay. This is clearly an advantage.
However, the up-front insurance premium will
reflect the underlying probability of the catastro-
phe events and the relative vulnerability of ex-
posed economic assets. Hence, insurance may be
very expensive for a highly exposed country that
has placed limited emphasis on risk mitigation. In
practice, therefore, excess-of-loss catastrophe in-
surance contracts may be adopted to shield the
government finances from the brunt of losses as-
sociated with major catastrophe events. Hence, a
government may want to establish coverage
through some combination of calamity funds, self-
insurance funded through tax increases and new
debt issuance complemented by excess-of-loss
insurance treaties to cover higher-layer risk expo-
sures (figure 13).

It may be possible to cover a certain part of the
lower risk layers through insurance contracts with
local insurance companies. To the extent that the
country has an insurance industry with sufficient
capacity and reasonably developed operational
skills, buying insurance contracts may be more
economical for the government than self-
insurance and could serve to support the devel-
opment of the insurance sector. Higher risk layers
that exceed the local market capacity could be
ceded to global insurance companies. In some
cases government backed cat-bonds might repre-
sent a realistic opportunity.”® The highest risk lay-
ers are often too expensive and go beyond general

*® There has not yet been any issuance of cat-bonds
linked to catastrophe risk in developing countries. This
represents an opportunity for institutional investors to
further risk diversification, and for a known national
issuer this could represent a distinct opportunity.
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market capacity.”’ Therefore, in practice, various
multilateral credit arrangements would be needed
to cover the highest risk layers. Since, the gov-
ernment has full control over the publicly owned
economic assets (such as, hospitals, schools,
roads, bridges, etc.), use of national insurance
programs established to provide an upper-layer
cover for the government’s aggregate risk expo-
sure would make sense. However, when it comes
to the potential commitments associated with
losses on private assets, particularly houses and
dwellings, there is a need for more extensive risk
management vehicles that can operate on a stand-
alone basis to ensure that insurance coverage is
distributed to the public on a commercial and ac-
tuarial basis.

GOVERNMENT-BACKED
INSURANCE POOLS

The government can offer insurance policies to
the public with cover for major catastrophe risks
through national insurance vehicles that pool to-
gether exposures of all risk holders across the
country. This may, for example, allow catastrophe
property insurance to be extended widely to
households and small businesses and make protec-
tion available throughout the nation for otherwise
uninsurable risks. By pooling the insurance obli-
gations in an insurance vehicle that operates as an
independent economic entity, it becomes possible
for the government to manage the catastrophe risk
exposures on an arms-length basis and thereby
avoid politicized interferences in claims distribu-
tion. The insurance scheme could offer mandatory
property insurance policies required by law as a
condition to register property ownership or get
certification for compliance with prevailing build-
ing codes, for example. It could also be a precon-
dition for the extension of mortgage loans from
the country’s authorized financial institutions.
This type of public-private cooperation is prac-
ticed in many countries, but only guarantees that
insurance cover is maintained as long as the prop-

** The potential loss is higher at higher risk layers, but
the likelihood of loss occurrence is correspondingly
lower. However, the uncertainty surrounding loss ex-
pectancy is considerably higher at higher risk layers
and therefore tends to make the insurance premium
proportionally higher than the loss cost.



Figure 13. National Insurance Program with Layered Risk Transfer Structure - Example

Loss limits
[USD million]

Risk exposure covered
by multilateral institutions

[ ]

100

Credit facilities

75

Risk exposure
ceded by pool

[ ]
[ ]

Risk exposure funded
by tax inccreases

Risk exposure

Contingent credit

Reinsurance treaties

(facultative) 50%

[]

Transferred risk exposure
(global reinsurance)

retained by pool

50
National risk exposure
Insurance contracts 50% (local insurance,
tax revenues,

Incremental taxes paid-in funds)

15
Calamity fund

0

erty is financed through debt. In other words, once
the mortgage loan is repaid the insurance policy
can no longer be enforced (Pettersen et al., 2005).
Alternatively, insurance policies could be offered
voluntarily. In this case, critical mass in the insur-
ance pool must be obtained through massive ad-
vertising to the public. However, this approach
does not guarantee that all households are pro-
vided insurance cover. It may limit the advantages
of risk pooling and still expose the government to
political pressure to provide cover for the unin-
sured after disasters.

The insurance pools can be managed in coopera-
tion with local insurance companies; for example,
by contracting them as national sales agents of the
insurance policies and by outsourcing major op-
erational tasks. The insurance companies may also
be engaged as insurers of the lowest risk layer on
a mutual basis to reduce issues of moral hazards
associated with their agency role. The establish-
ment of an independent insurance vehicle requires
that the government takes initiatives to enforce
property registration and existing building codes
effectively. The engagement of local insurance
companies could also be associated with profes-
sional recognition institutionalized through a for-
mal regulatory certification that provides a higher
level of prestige and commercial value to an en-
gagement with the insurance pool. In this manner,
the establishment of an insurance pool could also
serve as a tool to enhance the level of profession-

31

alism and development in the local insurance in-
dustry. Once the insurance pool is established, it
would have to manage its catastrophe risk expo-
sure as an independent stand-alone entity. The
government must introduce and enforce the neces-
sary legal framework to ensure the effective im-
plementation of the insurance scheme. To make
the insurance scheme economical at the initial
stage, the government may want to provide some
form of upper layer risk guarantees as insurer of
last resort. These facilities, in turn, could be sup-
ported or complemented by various multilateral
commitments. However, the insurance pool must
adopt commercial and actuarial principles to man-
age the vehicle as efficiently as possible and en-
sure its long-term economic viability.

As the insurance pool is implemented it will pro-
ceed to analyze its overall catastrophe risk expo-
sure and determine how to manage this exposure
in the best manner possible. In this analysis the
managers of the insurance pool would consider
the full scale of instruments and tools to structure
the most optimal cover for the insurance portfolio.
For example, these considerations could comprise
an insurance cover by the local agents of the
lower risk layers on a mutual basis, cedance of
part of the higher risk layers in the global reinsur-
ance market, issuance of risk-linked securities,
and possibly government guarantees to cover the
highest risk layers as insurer of last resort. The
insurance vehicle would probably want to retain



certain parts of the risk layers and cover these
through the cash premiums received from out-
standing insurance policies paid to a secure fund.
It could obtain committed funding from multilat-
eral institutions as deemed necessary to operate
within reasonable risk parameters (figure 14).

It is possible that higher risk layers could be cov-
ered through issuance of cat-bonds and contingent
surplus notes. The risk-linked securities may be
construed to benefit from the protection of the
collateral proceeds held in trust and obtain a fa-
vorable credit rating, while contingent capital in-
struments may need government guarantees to
improve their credit standing and enhance investor
interest. Issuance of risk-linked securities could be
appropriate as cover for higher risk layers, be-
cause a higher risk probability may justify the in-
terest rate premium paid on these securities (Froot
et al., 1998). Cat-bonds have been issued to cover
higher layer risks with loss probabilities between
0.4 and 1.0 percent corresponding to 250- and
100-year events (McGee and Eng, 2003). Contin-
gent capital may be appropriate to cover upper-
end higher risk layers to reduce the up-front op-
tion premium payable on the implied put con-
tracts. However, decisions on the type of cover
(i.e., risk transfer versus risk financing, reinsur-
ance versus risk-linked securities, contingent capi-
tal versus committed credit facilities, and so forth)
should be based on comparative analyses of price
conditions in the respective markets.

It can be a quite complex process to evaluate al-
ternative transactional opportunities in different
risk transfer and financing markets, but it is a task
that must be pursued on an ongoing basis to make
sure that the insurance vehicle continues to oper-
ate optimally. Participants in the local insurance
markets will clearly not have sufficient capacity to
cover all the residual catastrophe risks. As a re-
sult, there is a need to analyze alternative risk
transfer opportunities available in the international
financial markets. These alternatives would in-
clude insurance and reinsurance contracts, issu-
ance of risk-linked securities and cat-bonds, issu-
ance of surplus notes and other contingent capital
solutions, committed credit facilities, etc. The key
to maintaining an efficient risk management pro-
gram is to choose the most cost effective risk-
transfer and financing programs for the type of
risk exposure the insurance pool is intended to
cover.

COMPARATIVE ANALYSIS OF
ALTERNATIVE INSTRUMENTS

Apart from setting up the very structure of suit-
able insurance layers, a key issue relates to the
ongoing monitoring of price developments for
different risk transfer and financing instruments.
This provides the risk managers with the opportu-
nity to compare prices across different financial
markets and find the best financing alternatives in
a dynamic process that allows the managers to

Figure 14. Insurance Pool with Layered Risk Transfer Structure - Example
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take advantage of favorable market developments.
The relevant markets to consider in these com-
parisons include reinsurance contracts, insurance
covers in risk-linked securities, committed credit
facilities, and contingent capital instruments. The
global market for property catastrophe reinsurance
is of a somewhat limited size with a total excess-
of-loss capacity estimated around US$75 billion®
(Guy Carpenter, 2000).

Mutual reinsurance arrangements among primary
insurers may provide further coverage but are not
likely to expand capacity significantly. The size of
this market does not appear high compared to the
extreme exposures that can arise from catastrophe
events. That is, there seems to be a general lack of
coverage for the highest risk layers associated
with mega-catastrophes or cataclysms. As the ca-
tastrophe risk exposures continue to expand
around the globe, underinsurance could become
an issue, since the availability of catastrophe rein-
surance is highly dependent on recent loss experi-
ences and cause cyclical developments in supply
conditions.

The good news is that the catastrophe covers ob-
tained from risk-linked securities seem to be ma-
turing into a relatively stand-alone risk transfer
market segment with limited dependency on the
traditional reinsurance market (McGee and Eng,
2003). This market development will help reduce
price volatility in the global reinsurance markets
and expand the reinsurance capacity. The ability
to diversify catastrophe risks in invested portfolios
primarily exposed to market, default, and interest
rate risks makes the risk-linked securities interest-
ing for a wider audience of institutional investors.
The return from catastrophe risk exposures are
unrelated to the returns on conventional financial
assets, so diversified investors can improve the
portfolio’s risk-return characteristics by including
cat-bond exposures in the portfolio. The market
for risk-linked securities has matured in recent
years so institutional investors have become in-
creasingly familiar with the underlying analysis of
catastrophe risks and a secondary market has
emerged to provide trading prices in the securities.
This development has made risk-linked securities

% This figure indicates the aggregate loss coverage
from the ground up.
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a relatively steady element of the capital market
that now constitutes a realistic alternative for ca-
tastrophe risk-transfer market.

Insurance cover for catastrophe risk requires pay-
ment of an up-front insurance premium but once
the premium is paid, the coverage under the insur-
ance contracts is fully paid-in. This is an advan-
tage because it limits post hoc interference with
government budgets and fiscal policies.’’ How-
ever, insurance premiums for higher risk layers
can become excessive due to the higher level of
uncertainty associated with mega-catastrophe
events. This may make it worthwhile to consider
committed credit facilities and contingent capital
structures as alternative ways to arrange funding
for reconstruction. The commitment fees imposed
on credit facilities and option premiums charged
on surplus notes are considerably lower than the
premiums charged on insurance contracts, but the
loans must be repaid at maturity. Nonetheless,
there is trade-off between the affordability of
high-level excess-of-loss insurance treaties and
more economical credit commitments.

Under simplifying assumptions, it is possible to
make direct comparisons between the implied
costs associated with reinsurance contracts,
whether obtained via the reinsurance or risk-
linked securities market, and the effective costs of
committed credit facilities and contingent capital
(e.g., Pollner, 2001b). The comparative cost
analysis is useful when choosing between differ-
ent market alternatives as the initial cover is estab-
lished, and in ongoing market monitoring that al-
lows for dynamic adjustments to the existing in-
surance and financing structure. When setting up
an appropriate coverage for the catastrophe risk
exposure, it is important to incorporate the most
advantageous market instruments. However, it is
equally important to adopt an appropriate and af-
fordable insurance structure matched to the spe-
cific characteristics of the risk profile it is trying
to hedge. One way to accomplish this is to adopt

! Under common country settings and market condi-
tions, formal insurance arrangements seem to emerge
as a more effective risk-transfer and financing instru-
ment compared to consecutive risk-mitigation invest-
ment and contingent capital arrangements (Freeman
and Martin, 2002).



risk simulation techniques to determine the type
of coverage that will provide the best economic
outcomes given the probabilistic nature of event
occurrences. The relevant outcome measures in
this analysis could include the risk of a govern-
ment budget shortfall, the likelihood of a post-
disaster resource gap, or the country’s economic
growth potential. Such analyses could extend the
catastrophe risk models performed initially to out-
line the underlying catastrophe risk profile and
build on the results from the derived loss analysis
modules.

POLICY CONCERNS IN
GOVERNMENT INTERVENTION

Most developed economies that are exposed to
catastrophe risk have introduced different types of
government induced insurance schemes to deal
with the associated uninsurable exposures. These
schemes include different types of tax-based ca-
lamity funds, national insurance programs, and
government-backed insurance pools. The fund
structures typically provide short-term catastrophe
relief and subsidized reconstruction loans that,
more often than not, are distributed through the
government administration. The national insur-
ance programs are primarily established to cover
major public infrastructure investment, central
government buildings, and other public assets, but
could also extend the coverage of conventional
calamity funds. The government-supported insur-
ance pools facilitate the availability of commer-
cially based catastrophe insurance to the public.
This is often partially supported by government-
backed credit facilities and reinsurance commit-
ments. To the extent calamity funds and national
insurance programs are managed as government
administered public support and distribution vehi-
cles, they are wrought with moral hazard issues.
However, government-backed insurance pools
provide an opportunity to offer insurance services
to the public on commercial and actuarial terms
without any government interference in adminis-
trative and distribution practices. Insurance pro-
grams established solely to cover public infra-
structure investment are not exposed to moral
hazards, because the government already controls
the assets.

34

Insurance pools require a high level of enrollment
to reach a balanced and well-diversified risk port-
folio that makes it possible to offer affordable
policies to the public. This level of enrollment can
be achieved by making catastrophe insurance
compulsory for all registered homeowners, or vol-
untary through active public education and mar-
keting campaigns. Specific country settings may
require unique solutions adapted to local market
conditions and needs, but the choice of approach
should consider the trade-off between general in-
surance participation through compulsion and
public tax-financed coverage (e.g., through gov-
ernment run calamity funds), that may cause
moral hazards and induce adverse risk manage-
ment behaviors on private households and small
businesses. To avoid such problems, it is impor-
tant that mandatory insurance arrangements are
structured on commercial and actuarial principles
and not as purely tax—financed and public insur-
ance schemes free of charge. Insurance pools can
be structured as insurance providers to the final
users, but can also be set up as pure reinsurance
vehicles to cover the exposures of primary insur-
ance companies operating in the country. This
type of risk pooling serves to encourage the local
insurance industry to offer insurance policies to
the public. In this case, the insurance vehicles act
solely as reinsurer and, consequently, leaves all
operational aspects of the direct insurance man-
agement to the private insurance companies. This
model may be appropriate in country settings with
relatively well-developed insurance sectors.

The establishment of different types of risk pool-
ing vehicles can create additional insurance capac-
ity for otherwise uninsurable catastrophe risk ex-
posures in disaster prone countries. However, to
maintain the economic efficiency of these vehi-
cles, it is crucial to ensure that managerial deci-
sions remain commercially and actuarially sound.
This implies that claims are covered on predeter-
mined contractual terms without any political in-
terference. It also means that all surplus funds ac-
cumulated during the pool’s operating life only
can be used to pay claims associated with insured
exposures. Hence, the insurance vehicles must be
governed within an effective legal and regulatory
environment that keeps a clear separation between
the government budget and the reserve funds
maintained by the insurance pools.



The insurance penetration remains low in most
developing countries due to significant moral haz-
ard issues associated with a lack of enforced
building codes, and other such issues. Hence, the
introduction of insurance pools to enhance the
catastrophe insurance capacity should not be done
in competition with local insurance companies,
which would make it even harder to pursue com-
mercial insurance business. The insurance pools
should cooperate rather than compete with oth-
erwise sound private insurance businesses. The
risk transfer vehicles, such as insurance pools,
should be structured to cover only the natural haz-
ards that otherwise would be underinsured, and
sound local insurance companies should be en-
gaged as contractors for operational activities. In
countries with fairly developed insurance services,
the private insurers could perform major business
functions (e.g., distribution, claims settlement,
loss control, risk management, etc.). If, however,
the capabilities of domestic insurers are limited
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there is a need to develop further distribution
channels and claims adjustment expertise.

The catastrophe insurance vehicle (e.g., an insur-
ance pool) should outline a set of realistic risk
management objectives in the initial phases of
establishment. The catastrophe exposures are
theoretically infinitely large and, as a result, it
could be prohibitively expensive to cover for the
highest loss layers associated with mega-
catastrophes. In practice, therefore, affordability is
an important concern when an insurance vehicle is
introduced. This means that new insurance pools
most likely would try to fund aggregate claims
from events with up to 100- to150-year return pe-
riods and probably no higher. The affordability of
reinsurance coverage is obviously an important
determinant of the insurance premium the pool
must charge, but it is important that the premiums
are determined on an actuarial basis to ensure the
financial sustainability of the insurance vehicles.



Box 2.
Comparison Between Alternative Risk Transfer and Financing Opportunities

Reinsurance

The reinsurance companies would consider a pure premium (PP) of a size no less than the expected loss (EL).

PP=EL=p*EPL=p*d*ICL

where; EPL = expected probable loss estimate
p = probability (frequency) of natural hazard
d = damage ratio=v * h

v = vulnerability factor of capital asset

h = hazard intensity factor

ICL = insured capital loss

The total premium (P7) actually charged by the reinsurance company takes other operational cost elements into
consideration.

PTr=PP+exptu+n+R

where; exp = administrative expenses associated with the insurance business

u = uncertainty factor (risk load) reflecting the unpredictability of disaster events
7 = the required rate of return (profit) of investors in the insurance business

R = the reinsurance cost associated with the ceded share of the exposure

Assuming unchanged market conditions in perpetuity the present value of all future reinsurance premiums is:
PT/r where; r = risk free rate

Note: this valuation applies equally to the effective insurance premium charged in risk-linked securities transac-
tions.

Credit Facility
The comparable present value of the funding cost associated with a committed credit facility (CF) is:

CF=[ (1-p)I. EPL)] + p Y. (I, (EPL — i/m EPL) (1+r)" + (EPL/m)(1+r)™ |/r
where; /. = interest rate applying to the committed credit facility

/. = commitment fee charged on the committed credit facility

i = the current loan repayment period

m = the final maturity of the committed credit facility

Note: this equation assumes that the loan is repaid in equal installments from year 1 to m and that the final maturity
date of the credit facility corresponds to the final repayment date of all needed loans.

Contingent Capital
The comparable present value of the funding cost associated with contingent capital (CC) is:

CC=[(1-p)OP] +p Y. ((I. (EPL — i/m EPL) (14+r)" + (EPL/m)(1+r)™ |/r
where; OP = annual option premium paid for underlying put contract

Note: this assumes that the funding arrangement furnished by the contingent capital contract is the same as the loan
structure of the committed credit facility illustrated above.

The comparative formulas should be adjusted to reflect changes in the credit facility (e.g., inclusion of arrangement
fees, different repayment schedules, bullet payments, etc.).
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Country Applications of Risk Management Approaches

The insurance coverage for catastrophe risk expo-
sures in Latin America and the Caribbean is mar-
ginal. Countries rely on multilateral institutions,
including the IDB, to provide the post-disaster
financing needed to rebuild the economic infra-
structure. Consequently, catastrophe risk issues
are not ranked high on the governments’ planning
agendas, if at all (Freeman and Martin, 2002). The
insurance penetration remains low across the re-
gion. In the absence of enforced building codes,
vulnerability is high and risk mitigation minimal.
Insurance policies are expensive for ordinary peo-
ple and prevent them from buying coverage. The
supply of comprehensive insurance policies is
distributed on a selective basis due to moral haz-
ard and adverse selection problems. Catastrophe
exposures constitute uninsurable risks where cov-
erage is in short supply in high exposure coun-
tries. The economic vulnerability to natural disas-
ters in Latin America and the Caribbean has been
exacerbated by the general underdevelopment of
insurance markets (e.g., property insurance has
been limited to institutional entities and secluded
groups of wealthier households).

Countries in the region are exposed to all the ma-
jor natural disaster risks. Mexico, Central America
and the Caribbean are exposed to hurricane and
storm events. Certain subregions of Mexico and
Central America are exposed to earthquakes.
South America is exposed to flood, drought,
storm, and landslide events caused by EIl Nifio-
related phenomena. Four major natural hazards
affect the region; namely, flood, storm, earth-
quake, and drought. Total disaster losses have
been significant. Over the past 30 years losses are
estimated at close to US$100 billion (Charveriat,
2000), and the frequency of natural disasters
seems to be increasing. In view of this develop-
ment a number of studies have been commis-
sioned in recent years that have documented po-
tentially significant adverse socioeconomic effects
associated with large catastrophe risk exposures in
the region if they are left unmatched (Freeman
and Martin, 2002; Freeman et al., 2002; Pettersen
et al., 2005). These studies demonstrate how ca-
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tastrophe risk modeling techniques can be applied
to map the contours of the aggregate risk expo-
sures of the countries,*” and discuss how different
risk transfer and financing instruments may be
used to dampen the indirect economic effects of
productive assets destroyed by natural catastro-
phes. The overwhelming conclusion seems to be
that there is a dire need for higher awareness of
the catastrophe risks that expose countries in the
region, and that appropriate use of financial in-
struments can help alleviate the potentially ad-
verse economic effects from natural disasters by
making financial means more readily available for
reconstruction efforts.

There is a general recognition that natural catas-
trophe risks are special because the sheer size of
their direct economic effects make them uninsur-
able on commercial terms in the national markets.
This has prompted governments in most exposed
developed countries to establish different types of
insurance vehicles to provide cover for these haz-
ard events to the general public. In the wake of
major catastrophe losses some developing coun-
tries have taken initiatives in recent years to in-
crease risk awareness and further risk mitigation
and preparedness efforts. However, only one
country, Turkey, has so far introduced a stand-
alone insurance vehicle to offer property insur-
ance coverage to the public for otherwise uninsur-
able risk. The following provides on overview of
some of these initiatives.

32 None of these studies have been able to make a clear
distinction between the relative importance of public
and private asset exposures and their relative indirect
economic effects. This distinction might be important,
and this paper argues that the two types of assets expo-
sure have different economic effects and their risk cov-
erage should be managed differently. This reflects a
general shortcoming with the available loss statistics,
which fail to provide a clear classification of losses
ascribed to different asset classes.



CATASTROPHE INSURANCE VEHICLES
IN DEVELOPED COUNTRIES

North America

In the United States, the states of Florida, Califor-
nia, and Hawaii have introduced special insurance
programs to deal with major regional catastrophe
exposures. Joint Underwriting Associations
(JUA), the Florida Hurricane Catastrophe Fund
(FHCF), the California Earthquake Authority
(CEA), and the Hawaii Hurricane Relief Fund
(HHRF) were established by the respective state
authorities after major catastrophe experiences.

The Windstorm Joint Underwriting Association
(WJUA) and the Florida Residential Property and
Casualty  Joint  Underwriting  Association
(FRPCJUA) were established by the Florida legis-
lature as property insurance pools to provide
comprehensive coverage for homeowners unable
to buy policies in the private market. The Florida
Hurricane Catastrophe Fund (FHCF) is a catastro-
phe reinsurance fund established after hurricane
Andrew in 1992 to provide mandatory cover for
primary property insurers doing business in the
state.

The California Earthquake Authority (CEA) was
established by the state in the mid-1990s to pro-
vide residential earthquake insurance partially
funded by the insurers. Primary insurers choosing
not to participate in CEA must make their own
earthquake policies available to their customers.
There is a 15 percent deductible on total loss on
property and content with a US$5,000 limit on
contents coverage.

The Hawaii Hurricane Relief Fund (HHRF) pro-
vides hurricane cover through participating insur-
ance companies that exclude hurricane cover in
their normal homeowner policies. The fund re-
ceives revenues from insurance premiums and
property assessments by the insurance companies.
The first 10 percent of losses are borne by the
homeowners through deductibles with a higher
layer covered by the insurers. The next level is
reinsured in the market, and the top layer is cov-
ered by a line of credit secured by future sur-
charges on premiums (figure 15).

The Federal Emergency Management Agency
(FEMA) was established to provide publicly ad-
ministered disaster relief and subsidized loans
after the President has declared a major disaster
area. The government also makes some funds
available for emergency planning and disaster
assistance programs. FEMA administers the Na-
tional Flood Insurance Fund, a provider of flood
insurance to residential and commercial properties
in approved areas. The insurance fund is paid
through premiums set by the government and sub-
sidized loans provided by the US Treasury.

Europe
Belgium

Legislators have been working on a national pro-
gram imposing a compulsory cover for earth-
quake, floods and landslides in all small and me-
dium-sized fire insurance policies. Primary insur-
ance companies are expected to retain 10 percent
of the claims, while a reinsurance fund will cover
residual exposures through a combination of

Figure 15. Insurance Cover of the Hawaii Hurricane Relief Fund (HHRF)
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earned reserves, reinsurance contracts, and guar-
anteed state funding.

France

Flooding and earthquake damages are covered
through a special program (Catastrophe Naturelle,
Cat Nat for short), which mainly is reinsured with
the government-owned reinsurance company
(Caisse Centrale de Réassurance, CCR). Insur-
ance companies are allowed to establish two tax
deductible reserves, one for windstorm and one
for other natural catastrophes to smooth cash
flows over longer time spans.

Germany

The individual German Lénder and the federal
government can declare a natural disaster and
thereby authorize public assistance in the form of
grants and low interest loans to the victims hardest
hit by the disaster.

Iceland

Property fire insurance policies have additional
cover against earthquake, volcanic eruption, snow
avalanche, landslide, and flood events provided by
a government fund (Icelandic Catastrophe Fund).

Norway

Property insurance policies must cover residential
and commercial properties against natural catas-
trophes. Norsk Naturskadepool, a government-
supported insurance pool, provides reinsurance for
these risk exposures.

Spain

The Consorcio de Compensacion de Seguros is an
independent state fund providing cover for unin-
surable property exposures to earthquakes, tsuna-
mis, floods, volcanic eruptions, cyclonic storms,
falling meteorites, terrorism, and civil unrest. The
fund is only financed by premiums, but carries a
government guarantee. The catastrophe reserve is
tax deductible.
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United Kingdom

Experience shows that floods and subsidence risks
are recurring in 3-4 year cycles and are considered
manageable within the private insurance market.

The Far East and the Pacific
Japan

The government-owned Japanese Earthquake Re-
insurance Company (JER) provides reinsurance
for damages to residential property from earth-
quake and volcanic activities. JER, in turn, retro-
cedes part of its exposure to private insurance
companies, while the government retains the rest.
The coverage in the Japanese earthquake reinsur-
ance program is an example of a mixed structure
that combines earned funds, reinsurance, and gov-
ernment commitments in different ways (figure
16).

New Zealand

A government insurance fund managed by the
Earthquake and War Damage Commission (EQC)
offers actual cash coverage (as opposed to re-
placement cost) against catastrophe risks associ-
ated with earthquakes, tsunamis, volcanoes, and
hydrothermal activities.

Taiwan

Taiwan introduced the Taiwan Residential Earth-
quake Insurance Pool (TREIP) in April 2002. A
new insurance law requires that earthquake cover
be included automatically in domestic fire and
homeowners’ policies, while purchase of the basic
policy is voluntary. The exposures are covered
through a government-supported insurance pool.
This insurance vehicle covers its exposures in four
layers. The local insurance companies and Central
Reinsurance Company cover the first level
(US$65 million), a government guarantee fund the
next level (US$600-900 million), the following
level is ceded to global reinsurance companies
(US$300 million), while the government covers
excess losses as insurer of last resort. The insur-
ance covers private dwellings, with some tempo-
rary accommodation, but not contents. There is a



Figure 16. Japanese Earthquake Reinsurance Company (JER)
(mixed funding structure)
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CATASTROPHE INSURANCE VEHICLES
IN DEVELOPING COUNTRIES

Latin America and the Caribbean
Honduras

The government is planning to introduce a na-
tional system for catastrophe risk prevention,
mitigation, and preparedness under a standing
committee (COPECO).

Jamaica

Jamaica established a centralized disaster man-
agement organization (ODPEM) to coordinate the
country’s risk mitigation and disaster prepared-
ness efforts. Whereas these efforts may serve as a
source of inspiration, it is too early to tell whether
these initiatives could be replicated elsewhere.
Nonetheless, they reflect an awareness of the im-
pending threat posed by losses from natural catas-
trophes and illustrate political actions taken to
circumvent the problem of underinsurance in de-
veloping countries.

Mexico

The government established the National Civil
Protection System under the Ministry of the Inte-
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rior in 1986 to coordinate public disaster protec-
tion and recovery efforts. The National Council
for Civil Protection (SINAPROC) was established
in 1990 as an ad hoc committee to monitor the
nation’s disaster preparedness. The National Cen-
ter for Disaster Prevention (CENAPRED) was
established to develop and disseminate mitigation
technologies in cooperation with university-based
research on risk assessment and modeling.

The Mexican government established a tax-based
calamity fund (Fonden) in 1996 for disaster relief
and reconstruction of basic infrastructure. Fonden
provides funding for reconstruction directly to
federal agencies, and state and municipal govern-
ments, which are required to provide matching
funding and insure public buildings. The idea be-
hind the fund was to reduce the adverse effects
from unexpected appropriations under the federal
budget and smooth fiscal effects over time. Fon-
den has received advance annual budget alloca-
tions of around US$1 billion per year, but, so far,
the funding has been inadequate to cover the ac-
cruing financing needs. It has been recommended
that the coverage capabilities of the fund be ex-
tended by gradually converting it into a formal
national insurance program where loss layers in
excess of the paid-in funds will be covered
through reinsurance treaties and other risk transfer
instruments (Guy Carpenter, 2000).



Nicaragua

Nicaragua has enacted legislation to create a gov-
ernment disaster prevention, mitigation, and man-
agement approach. This is the first step toward an
integrated civil defense and rapid-response sys-
tem. A technical team supported by the United
Nations Development Program (UNDP) is build-
ing the institutional structure (cost estimate of
USS$7 million). The effectiveness of this system is
yet unknown, but is widely expected to depend on
support offered by regional politicians and gov-
ernment officials.

Europe - Middle East

Much of Turkey is exposed to severe seismic risk,
but insurance coverage for catastrophe exposures
remains low. Hence, the World Bank established
the Turkish Catastrophe Insurance Pool (TCIP) in
the wake of major earthquake events around Is-
tanbul in 1999. The TCIP required regulatory re-
forms that made catastrophe insurance mandatory
on all residential properties. The local insurance
companies sell the insurance policy as agents. In
the insurance pool, accumulated reserves provide
the first cover, while higher risk layers are sup-
ported by reinsurance contracts and World Bank
credit facilities (Gurenko, 2000).

TCIP became operational in September 2000
based on a new insurance law. The scheme was
compulsory for all registered dwellings while the
government’s previous commitments to recon-
struct such dwellings ceased. TCIP is the sole
provider of base-level earthquake coverage and is
managed professionally by Milli Re, a leading
national reinsurance company. The earthquake
pool offers an insurance policy that covers up to
US$20,000 per dwelling with no contents cover.
The scheme has 15 rating categories based on
hazard zones and construction type with premi-
ums ranged accordingly. Excess cover can be ob-
tained from private insurers, who also distribute
TCIP policies as agents. There is a 2 percent de-
ductible on the policy cover and claims handling
is carried out by TCIP contracted loss adjusters.
The pool holds financial reserves in escrow ac-
counts with at least 50 percent invested in foreign
assets.
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TCIP is a leading test case for the World Bank in
the establishment of active insurance pools in an
exposed developing country.®® The insurance cov-
erage for earthquake exposures has historically
been very low in Turkey, and the local insurance
industry was not sufficiently developed to handle
major catastrophe risks. Underwriting standards,
risk estimation, and management capabilities were
insufficient, and capital reserves were too low to
withstand potential claims. Inadequate construc-
tion and building standards combined with weak
enforcement of building codes increased the expo-
sure to earthquake events. Prospects of expanding
insurance coverage for earthquake risks were fur-
ther hampered, because replacement of dwellings
by law was funded almost free of charge by gov-
ernment sources, and therefore, provided little
incentive to engage in insurance contracts. The
recent earthquake events exposed these inherent
market weaknesses and urged the establishment of
the government-backed insurance pool to cover
these otherwise uninsurable catastrophe risk expo-
sures.

The laws authorizing the establishment of TCIP
made earthquake insurance policies compulsory
for all households, enforced risk mitigation ef-
forts, and eliminated government subsidized inter-
est-rate free reconstruction loans to homeowners.
The earthquake insurance policies are sold by lo-
cal insurance companies and brokers, but are cov-
ered directly through the TCIP. The professional
management of the aggregate exposure in the in-
surance pool is outsourced to an experienced rein-
surance company acting as the pool management
company. TCIP covers up to the 99" percentile of
expected losses corresponding to a 100-year event
(Lester et al., 2003). The World Bank has estab-
lished a flexible contingent credit facility to sup-
port the reinsurance structure of the pool. Com-
bined with fund reserves and obtained reinsurance
this should establish cover for total earthquake
losses up to around US$640 million for five years.

» The World Bank Insurance practice is involved in
several other catastrophe risk management initiatives at
the early stages, e.g., India (completed risk manage-
ment study), Cambodia and the Philippines (risk man-
agement studies under way), Iran (technical assistance
for risk management), Colombia and Romania (insur-
ance lending programs under preparation).



If claims exceed the pool’s financial reserves fi-
nanced by premiums from policyholders, the
World Bank credit facility may be able to cover
higher risk layers. Most of the next higher risk
layer is ceded in the global reinsurance market,
and the highest risk layer, may again be funded by
a World Bank credit facility (figure 17).

Of the various insurance approaches listed above,
most of them refer to direct government-supported
insurance pools (e.g., TCIP, JUA, CEA, HHREF,
EQC, and TREIP) some of which provide reinsur-
ance or incorporate a reinsurance component (e.g.,
CCR, FHCF, and JER). There is one example of a
calamity fund (FONDEN), two examples of direct
government managed approaches (FEMA, Ger-
many), and several recent attempts to introduce
risk management principles (e.g., ODPEM and
COPECO).

ESTABLISHING INSURANCE
VEHICLES IN LATIN AMERICA AND THE
CARIBBEAN

So far, no catastrophe risk insurance pools have
been established in the region, although several
studies have investigated the applicability of risk
pooling arrangements to cover hurricane risk in
the Caribbean, for example (Pollner, 2000,
2001a). There have been efforts to establish miti-
gation and vulnerability reduction funds to pro-
mote investment in structural improvements in
buildings and infrastructure, and the IDB has
promoted credit facilities for innovation in disas-
ter prevention. Some social investment funds have

furnished funding for the reconstruction of public
infrastructure after disasters, in the same way that
the IDB’s emergency reconstruction facility for
natural and unexpected disaster support (ERF) has
provided funds to support temporary post-disaster
rehabilitation. However, these initiatives have not
been conditioned around formal risk management
approaches aimed at assessing the comprehensive
risk profile of the countries that are exposed to
natural catastrophes. Public calamity funds, such
as Fonden in Mexico, have been established with
the aim of smoothing the volatility of economic
activity caused by natural disasters, but so far with
mixed success (Guy Carpenter, 2000). These
funds are based on the principle that governments
as self-insurers should reserve the financial means
needed to cope with emerging disasters. Although
the funds can provide significant financial relief in
disaster situations, the general experience has
been that the funds remain undercapitalized in
many instances and therefore are ineffective risk
financing vehicles on a stand-alone basis.

The general observation across the region is that
governments rely on the multilateral institutions,
including the IDB, to make financing available
after major catastrophes on relatively favorable
terms. Apart from the potential for moral hazard
issues arising from the treatment of disaster fund-
ing as a public good, this policy de facto places
the multilateral institutions in the position of lend-
ers of last resort. Since much of the incremental
funding from the multilateral institutions is used
to cover post-disaster reconstruction, they are de
facto also assuming the role of insurers of last re-

Figure 17. A Sketch of the Turkish Catastrophe Insurance Pool (TCIP)
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sort without realizing it, or at least without mak-
ing the exposures transparent. In effect, the inter-
national community implicitly makes committed
credit facilities and contingent capital structures
available to exposed developing countries for free,
without imposing any formal requirements about
prudent risk management practices. With the
seeming increase in global catastrophe exposures,
this situation represents a fundamental challenge
to the multilateral institutions, including the IDB,
as to how they intend to manage the catastrophe
risks they assume. There is a need to assess more
thoroughly the catastrophe risk exposures of gov-
ernments across the region and consider the ap-
propriateness of different insurance vehicles to
cover the uninsurable catastrophe exposures on
public and private assets.’® It seems that the cen-
trally managed insurance programs are the most
appropriate to cover public assets that are under
the central government’s control, whereas insur-
ance pools appear more appropriate to cover gov-
ernment commitments on private assets.

A national insurance program to cover public as-
sets could have at its core the same annual com-
mitted payments from the government’s fiscal
budget as would supporting a stand-alone calam-

ity fund. The difference is that total coverage is
considerably extended by establishing insurance
covers for higher risk layers to protect against ad-
verse economic effects of, say, up to 100-year
events. The higher layers could be structured to
include coverage through a marginal increase in
tax revenues and direct insurance covers from the
local insurance industry. Higher risk layers could
be ceded in the global reinsurance market in com-
bination with different types of committed credit
facilities. Realistically, a significant part of the
credit commitments at higher risk layers would
have to be provided by the multilateral institutions
against payment of reasonable commitment fees.
For the multilateral institutions this approach can
help make the underlying catastrophe risk expo-
sures transparent on the balance sheet while they
incur up-front charges for the implied loan com-
mitment provided as lenders of last resort. For the
countries, this approach would create incentives to
mitigate underlying risk exposures whenever eco-
nomically feasible. It might also be possible for
recognized government entities to issue risk-
linked securities in the international financial
market and thereby possibly exploit favorable
price conditions (figure 18).

Figure 18. A National Insurance Program - Example
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3 Incidentally, such studies would also provide a over-
view of the aggregate exposures the IDB, and other
multilateral institutions, assume across the region.
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In order to manage the government’s informal
commitments to cover economic exposures on
private assets, such as housing, there is a need to
establish independent insurance vehicles that are
able to provide insurance policies to the public on
commercial terms without any direct government
interference. These insurance pools would, in
turn, manage the assumed catastrophe risks using
all available risk transfer and financing instru-
ments applied within an appropriate structure of
risk layers. For example, the lower risk layers may
be covered by paid-in funds held in escrow ac-
counts financed primarily by the premiums re-
ceived from policyholders. The next higher layer
could be covered by the local insurance compa-
nies already engaged in the insurance pool as au-
thorized insurance agents. The involvement of
local insurance companies would give an oppor-
tunity to support the local insurance industry and
extend operational expertise. The insurance com-
panies could provide cover on a mutual basis to
reduce the direct exposure to individual insurance
companies and, at the same time, reduce the po-
tential for moral hazards associated with the
agency function. The central layers may be ceded
in the reinsurance markets through different ex-
cess-of-loss treaties and supported to some extent
by government-backed credit commitments. The
higher risk layers could conceivably be covered
through issuance of risk-linked securities under
favorable circumstances, but are probably covered
more economically through different committed

credit facilities and contingent capital arrange-
ments. Most likely, these credit facilities need
backing from the central government and/or the
multilateral institutions in the initial stages of de-
velopment (figure 19). It is not inconceivable that
a well-established insurance pool would be able to
place contingent capital instruments in the capital
market particularly if sponsored by the multilat-
eral institutions. The direct involvement of the
multilateral institutions would, as discussed in the
case of national insurance programs, serve to
make the inherent catastrophe risk exposures more
transparent and establish more realistic pricing for
the implied risk financing arrangements.

The overall insurance structure should balance the
need for general catastrophe cover and the cost
associated with different risk-transfer and financ-
ing alternatives. Realistically, the vehicles may
not want to cover total loss exposures in excess of
the 100-year event, because it otherwise becomes
too expensive to reinsure. The insurance commit-
ments may also be reduced somewhat by impos-
ing certain deductibles, exclusion clauses, and
maximum reimbursement limits. Since the uncer-
tainty of the expected losses increase significantly
at higher risk layers, the reinsurance premiums
may increase substantially above their loss cost
and, thereby, become excessively expensive.
Therefore, it is expectedly more economical, at
least for a start-up vehicle, to use committed
credit facilities to cover the upper risk layers. In

Figure 19. A Government-Backed Insurance Pool — Example
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reality that may mean that vehicles established in
developing countries would need committed fa-
cilities from multilateral institutions for these pur-
poses, at least initially. The multilateral institu-
tions may, in turn, want to cover the aggregate
risk financing exposures they assume from their
engagements with various insurance vehicles es-
tablished throughout the region. Whereas this may
seem like inviting new risk exposures onto the
institutions’ balance sheets, it only converts the
already existing commitments as the de facto
lenders of last resort to transparent financing
structures that can be appropriately priced. In the
current situation the multilateral institutions are
really providing substantial catastrophe risk fi-
nancing covers to developing countries without
charging for this commitment and thereby skews
the incentives to engage more proactively in sen-
sible risk mitigation efforts.

As a multilateral institution faces its aggregate
catastrophe exposure it has even better opportuni-
ties to use various catastrophe risk financing in-
struments because of their generally high credit
standing in the international financial markets.
From the perspective of a multilateral institution,
it may want to cover the lower catastrophe risk
level in its overall exposure through budgeted risk
mitigation funds and the institution’s general
funding base. This would make sense up to a cer-
tain funding level as long as it does not create ad-

ditional strains on the institution’s general capac-
ity to fund itself in the capital market. However,
out of prudence it may also consider coverage of
higher-level risk exposures through reinsurance
treaties, issuance of risk-linked securities, and
contingent capital arrangements that would allow
the institution to cover excessive funding needs in
advance (figure 20).

These arrangements would allow the multilateral
institutions to cover higher level catastrophe risks
in the region, while promoting more proactive risk
management practices, without any major changes
in commitments to other development projects.
Today, the reality is somewhat different, because
the multilateral institutions often have to redirect
credits approved for development investment to
support rehabilitation after major disasters. From
an overall perspective, the multilateral institutions
will be the more likely users of advanced risk fi-
nancing instruments like risk-linked securities and
contingent capital structures available in the
global capital market. For example, the reinsur-
ance cover obtained through cat-bonds typically
relates to the higher risk layers (i.e., around the
100-year event and beyond), which would exceed
the need for an initial start up insurance pool, but
would be quite appropriate for a multilateral insti-
tution with an extensive aggregate catastrophe risk
exposure. Furthermore, the contingent capital
market is not appropriate for an exposed country

Figure 20. Insurance Scheme for Multilateral Exposure — Example
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under the current market conditions where gov-
ernments depend on the multilateral institutions
for catastrophe funding. In practice, these instru-
ments must be introduced to the region through
the back-door as the IDB starts charging for its
actual catastrophe credit commitments and in turn
might cover its aggregate exposure in the interna-
tional financial markets. The IDB might want to
analyze its overall exposure as de facto lender of
last resort and hence insurer of last resort to coun-
tries in the region with exposures to natural catas-

trophes. The IDB does not have a formal obliga-
tion to finance catastrophe rehabilitation in the
region, but in reality the needs of exposed coun-
tries will urge the eventual approval of loan com-
mitments. Hence, the IDB has a real catastrophe
risk insurance exposure across countries in the
region. It may be useful to analyze these catastro-
phe risk exposures and think about how they can
be managed more effectively while inducing more
effective risk management practices in exposed
countries throughout the region.

tional financial markets.

coverage structures on ongoing basis.

Box 3.
A Template for Catastrophe Risk Management

Governments in developing countries that are exposed to major catastrophe risks should be conscious
about these risk exposures and manage them on a proactive basis. This process may follow a number of
sequential steps based on initial catastrophe risk analysis coupled with economic simulations of the eco-
nomic effects of major hazards. The steps could comprise the following actions.

o Identify the major natural hazards that expose economic assets in regions across the country.

e Determine the contours of the direct economic exposures from the identified natural hazards.

o Classify the affected economic assets into relevant categories, e.g., public and private.

¢ Decide on the government’s intended roles as public insurer and insurer of last resort.

e Plan appropriate insurance vehicles to provide cover for government supported assets, e.g., insur-
ance schemes for public assets and national insurance pools for private assets.

e Analyze alternative risk-transfer and financing instruments available in the domestic and interna-

¢ Consider and assess the potential economic benefits from different risk mitigation efforts.

¢ Determine appropriate coverage structures in the proposed insurance vehicles.

e Monitor changes in catastrophe risk exposures and risk-transfer and financing prices and adapt
Setting up appropriate coverage structures in the proposed catastrophe insurance vehicles could be en-

hanced by extending relevant elements of the catastrophe risk exposure models and determine the poten-
tial economic effects of different coverage structures based on stochastic simulation models.
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Conclusions

This report discussed the signs of an increasing
trend in the global catastrophe frequency that also
characterizes developments in Latin America and
the Caribbean. One consequence of this develop-
ment is that the direct economic losses associated
with natural catastrophes seem to be increasing at
very high, possibly exponential, rates. This poses
a number of challenges to developing countries
with exposures to natural disasters. By experience
countries in the region rely on the multilateral in-
stitutions to provide the financial means needed to
complete post-disaster reconstruction, but this is
not likely to remain a viable option as the funds
available for international development remain
scarce. In view of this situation there seems to be
a clear need to focus on ways to manage more
proactively the potentially adverse economic ef-
fects of natural catastrophes. Assuming a formal
risk management process at the central govern-
ment level can arguably help smooth the eco-
nomic impacts from natural catastrophes by iden-
tifying the major risks in a given country and set-
ting up ways in which the central government can
facilitate covers against those risks. Although
natural hazards represent significant uncertainties,
there are ways in which to model the potential
direct effects on the country’s economic infra-
structure through stochastic simulation models.
This approach can provide risk managers with
reasonable assessments of the potential recon-
struction costs a country could face after major
disasters. On this basis, it is possible to set up
various risk transfer and financing schemes that
allow the country to establish financial protection
well in advance of a catastrophe. This can have
clear advantages as the reconstruction process can
take place faster and more effectively after disas-
ters without having to engage in cumbersome ne-
gotiations with external lenders in an unfavorable
economic situation.

If proactive risk management practice can make
reconstruction financing more readily available
after disasters, it may actually be possible to turn
these otherwise unfavorable circumstances into
situations that revitalize the economy as invest-
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ments in new infrastructure induce economic
growth. Given the rapidly increasing direct eco-
nomic exposures observed throughout the region,
combined with a general over-reliance on multi-
lateral support, it seems essential that exposed
countries in the region take a more proactive look
at their risk profiles and try to establish financial
coverage for these on an ex ante basis. To this end
the international financial markets provide new
opportunities to access risk transfer and financing
instruments that may furnish a better coverage for
the identified catastrophe risks. However, before
central governments consider any engagement in
these instruments, they need to assess the type of
economic commitments they should cover after
possible disasters and try to set up relevant insur-
ance vehicles to cover more effectively the risk
exposures of different types of economic assets
against the impact of different natural hazards. In
general, governments have direct commitments to
repair and rebuild the public assets they own and
control. The establishment of different insurance
schemes appears appropriate to cover exposures
on these assets. In practice, however, governments
also assume sizeable commitments to replace pri-
vate assets, in particular private housing. Cover
for these assets require a different set-up (e.g., in
the form of insurance pools) that makes it possible
to offer insurance policies to the public on a com-
mercial and actuarial basis without distorting gov-
ernment involvement.

The initial establishment of insurance vehicles
requires a trade-off between reasonable coverage
and affordability. It becomes excessively expen-
sive to obtain full cover for the highest risk levels
because, in principle, catastrophe risk exposures
are infinitely high in the case of mega-
catastrophes. Hence, it is only reasonable to estab-
lish insurance coverage up to a certain risk level
(e.g., corresponding to 100-year events) and in-
troduce national insurance programs and govern-
ment-backed insurance pools that might also re-
quire financial commitments from the multilateral
institutions, including the IDB. However, the IDB
is already engaged as a de factor lender of last



resort for catastrophe-stricken countries in the formal risk management processes across the re-
region. Therefore, it should be in the interest of gion and provide the needed engagement to fur-
the IDB to engage actively in the promotion of nish this process.
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Annex

Regression Analyses of Indirect Economic Effects of Disasters in the LAC Region, 1981-2000

standardized coefficients

(t-values) MODEL I MODEL II MODEL III MODEL IV MODEL V
Constant 1.878" -3.327" -2.700" -2.815" -2.338"
(6.975) (-6.195) (-4.405) (-5.213) (-3.821)
GDP Growthy, - - - 0.166" 0.142"
(4.048) (3.446)
Flood Events, -0.051 0.025 0.015 0.335 0.007
(-1.026) (0.569) (0.349) (0.335) (0.159)
Flood Events, -0.014 -0.003 0.000 -0.002 0.001
(-0.277) (-0.066) (-0.005) (-0.048) (0.034)
Flood Events,, -0.071 -0.009 -0.014 -0.018 -0.023
(-1.448) (-0.209) (-0.334) (-0.434) (-0.547)
Storm Events, 0.021 -0.003 0.008 -0.009 0.005
(0.432) (-0.076) (0.192) (-0.201) 0.114)
Storm Events, 0.098" 0.098" 0.108" 0.091" 0.099"
(2.106) (2.288) (2.569) (2.158) (2.391)
Storm Events,, 0.039 0.013 0.003 -0.009 -0.015
(0.795) (0.291) (0.069) (-0.194) (-0.338)
Earthquake Events, -0.095" -0.040 -0.048 -0.032 -0.041
(-1.985) (-0.985) (-1.191) (-0.808) (-1.045)
Earthquake Events, 0.029 0.049 0.044 0.083 0.057
(0.615) (1.230) (1.130) (1.603) (1.471)
Earthquake Events,., -0.043 -0.029 -0.031 -0.040 -0.039
(-0.897) (-0.719) (-0.774) (-1.002) (-1.004)
Drought Events, -0.082" -1.020 -0.017 -0.012 -0.011
(-1.745) (-0.485) (-0.424) (-0.301) (-0.269)
Drought Events, 0.050 0.042 0.049 0.056 0.061
(1.068) (1.020) (1.224) (1.384) (1.531)
Drought Events;., -0.088" -0.034 -0.030 -0.046 -0.041
(-1.901) (-0.843) (-0.753) (-1.172) (-1.062)
Initial wealth - -0.008 -0.033 0.003 -0.021
(-0.140) (-0.575) (0.054) (-0.367)
Gvt. Consumption - 0.646" 0.670™ 0.610™ 0.835™
(16.461) (16.858) (15.525) (15.719)
Corruption - -0.210" 0.175" -0.174" -0.149™
(-5.373) (4.244) (4.425) (3.600)
Dev. Assistance; - - 0.115 - -0.084
(-1.122) (-0.834)
Dev. Assistance,.; - - 0.356™ - 0.328"™
(3.039) (2.839)
Dev. Assistance., - - -0.237" - -0.243
(-2.487) (-2.588)
Aid, - - -0.075 - -0.079
(-1.192) (-1.289)
Aid,, - - -0.172" - -0.135"
(-2.652) (-2.083)
Aid,, - - 0.118" - 0.105"
(1.189) (1.707)
N 339 339 339 339 339
Multiple R? 0.516 0.536 0.546 0.539 0.564
Adjusted R 0.494 0.503 0.507 0.506 0.516
F-significance 0.000 0.000 0.000 0.000 0.000

Tp<0.10; p<0.05; " p<0.01
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