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SPECIAL REPORT

BY ARVIND GUPTA

ADVERSE CLIMATE EVENTS such as droughts, floods, hurri-
canes, avalanches and mudslides have had enormous eco-
nomic consequences and profound impacts on the lives,
health and property of millions of people. It is estimated that
the world has suffered nearly one trillion US dollars in eco-
nomic losses due to 8000 natural disasters in the last 15 years
of the 20th century. Three-quarters of the losses were weath-
er-related and only one-fifth were insured.

The increased frequency and intensity of extreme climatic
events over the last three to four decades have played a role in
the rising costs of natural disasters. Given the projected
changes in climate, the costs will only be magnified in many
parts of the world. Not only are extreme weather events more
frequent, but equally worrying is that even slight changes in the
climate are likely to have disproportionately large impacts. For
example, the doubling of wind speed due to climate change
could lead to a fourfold increase in windstorm related damages,
while a one degree increase in temperature in some locations
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A gigantic cloud of dust known as "Haboob" advances over Khartoum, Sudan, in April 2007.
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leads to an increase in catastrophic
wildfires by as much as 143 percent.
Data compiled by insurance and

reinsurance companies indicates
that global losses from extreme
weather events have been rising for
more than three decades, especially
during recent years. According to
Swiss Re, one of the world’s largest
reinsurers, total financial losses
from natural disasters were around
US$120 billion in 2004, while in
2005, they were up to $230 billion.
The increased frequency and inten-
sity of extreme climatic events have
played a role in the rising costs of
natural disasters. Given the project-
ed changes in climate, the costs will
only be magnified in many parts of
the world.
Every segment of society is vul-

nerable to weather risks, but the
poor are the most vulnerable as they
lack access to timely information on
climate risks. Further, their ability
to respond is constrained by inade-
quate capital to invest in adaptation
or risk minimizing measures. Thus,
socioeconomic impacts of extreme
weather events on the poor tend to
combine long-term financial, social
and health effects, and perpetuate a
cycle of inter-generational poverty.
The effects of adverse weather events, exacerbated by cli-

mate change, are serious for all countries, but even more so
for developing countries, where availability and affordability
of insurance is limited and governments lack the necessary
funds to provide adequate protection to their citizens. In
many cases, the adverse consequences persist over the long
term, for example in Honduras, where four years after the
devastation of Hurricane Mitch in 1998, the gross domestic
product (GDP) was 6 percent below predisaster projections.

The role of insurance in coping with
weather-related events

THE INSURANCE INDUSTRY plays a pivotal role in coping
with the consequences of adverse weather events. It is a form
of adaptation as it can assist in dealing with the impacts of cli-
mate change. Typically, insurance policies have been the pri-
mary instruments used to protect against weather-related
losses. While insurance does not provide explicit coverage for
climate change risk, policies do exist, which cover the types of
damage that may be associated with it, such as floods and
wind. Insurance does not decrease the losses from an adverse
event; it spreads the financial impact by enabling those at risk
to pay a relatively small premium so they can be protected

against a large loss that has a small chance of occurring. In
addition to insurance policies that directly compensate policy
holders, there are also insurance-related products such as
derivatives and catastrophe bonds, which spread risk geo-
graphically, and savings, reserve funds and contingent credit
arrangements, which spread risk over time.
Insurers underwrite weather-related catastrophes by cal-

culating, pricing and spreading the risk and then meeting
claims when they arise. Risksmust be insurable, however, and
a set of conditions and criteria must be met before insurers
will be willing to issue an insurance policy. These are general-
ly referred to as “Standards of Insurability,” and are based on
basic ideas of riskmanagement. They include: predictable and
diversifiable risks; identifiable and quantifiable chances of
the event occurring and extent of losses likely to be incurred;
setting of prices via actuarial processes; estimable and man-
ageable, yet random, risks; and infrequent occurrence of a
risk. In addition, losses associated with a particular risk ide-
ally would be independent of each other. For example, corre-
lation between different types of risks must be low and suffi-
ciently spread broadly among the insured populations. The
insurer must have the ability to set affordable premiums for
each potential customer or class of customers.
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Measuring climate risk

A CHANGING AND LESS PREDICTABLE CLIMATE reduces the
insurance industry’s capacity to calculate price and spread
this weather-related risk while maintaining profitability and
solvency. Measuring or even defining climate risk is not easy.
The changing frequency and intensity of extreme climate-
related events associated with climate change also renders
past data less useful for prediction purposes. Available infor-
mation is inadequate and the projections from Global
CirculationModels not detailed enough,making actuarial cal-
culations of extreme risk events highly uncertain. As a result,
there is no immediate prospect that probability estimates will
emerge in which the insurance industry can have sufficient
confidence to expand their coverage under conventional
arrangements.
The capital an insurer needs varies directly with the risk

assumed. If an insurer takes on more risk, it must have addi-
tional capital to assure policyholders, regulators and investors
that it will be able to honor claims while ensuring continuing
viability of its business. Because weather risks and effects of
climate change onweather risk are not fully understood, insur-
ance companies will have to hold onto large amounts of back-
up capital, the cost of which will increase insurance premiums.
The industry has been withdrawing from covering weather

risks; the high uncertainty and ambiguity of the risks to be
insured, the low capacity amongmany of the potential clients to
meet the necessary cost of the premiums, and the reputational
and political risks incurred while legitimately denying coverage
or claims makes weather risk insurance an unattractive busi-
ness for insurance firms. The industry has been trying to cope
by increasing premiums for coverage applicable to weather-
related events and catastrophes. Use of exclusions applicable to
losses associated with climate change and deductibles for
weather-related losses have both increased. Given that private
insurers and reinsurers are driven by profit considerations, if
climate-related risks have a high enough potential for causing
catastrophic losses in specific areas, they will not want to con-
tinue offering coverage unless required by law.

Climate risks and insurance needs in
developing countries

GENERAL WITHDRAWAL of the insurance industry fromcover-
ing weather risks is happening at a time when risks are increas-
ing and need is the greatest. If these trends are not addressed,
adverse impacts on insurance affordability and availability could
shift the burden to governments and individuals.
In developing countries, the problem is even more acute;

governments, households and businesses cannot afford the
premiums demanded by commercial insurance to cover their
disaster risks. In addition, the insurance sector in general is
underdeveloped and use of insurance, even basic standard
insurance products, is limited. Insurance coverage for weath-
er-related risks is even lower. According to a 2005Munich Re
study, only 1 percent of households and businesses in low-

income countries, and only 3 percent in middle-income
countries, have catastrophe coverage, in comparison to 30
percent in high-income countries. In most developing coun-
tries, capital markets are undeveloped and the potential to use
insurance related risk transfer instruments, such as deriva-
tives and catastrophic bonds, is limited.
Thus, in developing countries, people will continue to cope

with catastrophic risks by relying on family and community
support systems or on government or international donor
relief efforts, which will prove inadequate if weather-related
catastrophic events were to increase in frequency and intensi-
ty. Evidence for this already exists. For example, government
sponsored crop insurance systems wherever they exist (and
they are limited) are under stress as crop and flood insurance
losses have grown ten-fold in recent decades. The economic
consequences are serious especially for the rural poor. Risk-
averse smallholder farmers will seek to minimize their expo-
sure by opting for lower-value, lower-risk, and therefore pos-
sibly lower-return crops, and over diversifying their income
sources. These risk-management choices will keep them from
taking advantage of profitable opportunities.
The foregoing suggests market failure, especially in devel-

oping countries. The private insurance industry will be unable
and/or unwilling to provide affordable and comprehensive
weather-related insurance coverage. Thus, relying on private
insurance is unlikely to be an effective solution to the prob-
lems of weather risk and climate change.

The potential role of government

WITHOUT SOME SORT OF PUBLIC SECTOR INTERVENTION,

climate insurance is unlikely to become widely available.
Governments in developing countries will have to assume a
considerable share of the exposures to the costs of weather-
related events as is the case in developed countries. This will
require developing country governments to rethink their pub-
lic expenditure priorities, as well as the public sector’s role.
Allocatingmore fiscal resources tomanagingweather risks and
climate change would require governments to exit more rapid-
ly from direct engagement in economic activities such asman-
ufacturing, trading, financial services and infrastructure serv-
ices, where the private sector is willing and able to engage. The
private sector would take on these activities especially if
reforms in the business environment would reduce the cost
and uncertainty of business investments and operations.
The case is compelling for the insurance industry, business,

governments and community groups to work together in devel-
oping risk management programs and solutions that combine
prevention and risk transfer. A fruitful approach could be one
in which the public sector sets the policy framework and pro-
vides cover for high levels of risk or sectors with high adminis-
tration costs, while the private sector provides services and
cover for lower levels of risk and sectors that are easily accessi-
ble. Insurers, governments, industry regulators and the policy
community also need to work together to better understand the
physical andbusiness risks. Insurers arewell positioned to par-
ticipate in public-private initiatives to monitor loss trends,
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EXAMPLES OF PUBLIC-PRIVATE RISK TRANSFER PROGRAMS

The Turkish Catastrophe Insurance Pool (TCIP), launched in 2000
with the support of the World Bank, tackles the problem of insur-
ance affordability in a middle-income developing country.
Because of the high probability of a severe earthquake, earth-
quake insurance policies are now obligatory for all property own-
ers in Istanbul and other high-risk urban centers. Property own-
ers pay a premium based in part on their risk-reduction meas-
ures, such as retrofitting their apartment buildings, to a private-
ly administered public fund. To ensure affordability for urban
dwellers, the World Bank absorbs a pre-specified part of the risk
by providing a contingent loan facility with highly favorable con-
ditions and dependent on the occurrence of a major disaster. If
claims cannot be met after a major earthquake, the Bank pro-
vides low-cost capital to the pool. The TCIP has been supported
by the efforts of local universities modeling and simulating risks
and working on prevention strategies. This program could be used to develop protection for other types of climate-related risks.
Source: Insurance for assisting adaptation to climate change in developing countries: a proposed strategy. Joanne Linnerooth-Bayer
and Reinhard Mechler, Climate Policy 6 (2006) 621–636.

THE TURKISH CATASTROPHE INSURANCE POOL

In Mexico, a taxpayer-supported national catastrophe fund (FONDEN) provides the government with needed funding for post-disaster
relief and reconstruction. Since current and predicted reserves are considered insufficient for a major earthquake or other severe catas-
trophe, the Mexican authorities developed a mixed catastrophe bond and insurance risk transfer strategy to protect FONDEN against cat-
astrophic events. In 2006, Mexico became the first sovereign country to issue a catastrophe bond, which is an instrument whereby the
investor receives an above-market return when a specific catastrophe does not occur in a specified time, but sacrifices interest or part
of the principal following the event. The government’s disaster risk is thus transferred to international financial markets. The develop-
ment of Mexico’s catastrophe bond was made feasible in the initial stages with technical assistance from the World Bank.
Source: Insurance for assisting adaptation to climate change in developing countries: a proposed strategy. Joanne Linnerooth-Bayer
and Reinhard Mechler, Climate Policy 6 (2006) 621–636

MEXICO’S CATASTROPHE BOND

The weather risk market makes it possible to manage the adverse financial impact of weather through risk transfer instruments based
on the weather element—temperature, rain, snow, wind, etc.—which affects revenues, costs or margins. In its simplest form, an enter-
prise affected by weather pays a premium to a risk taker who assumes the risk, defined in terms of a weather element, posed by adverse
weather. In exchange for the premium, the risk taker, under certain predefined circumstances, pays the buyer an amount of money,
which corresponds to the loss or cost increase caused by the weather. The World Food Program (WFP) established a mechanism for
accessing global risk markets to supplement traditional donor-based humanitarian relief. The WFP purchased a precipitation cover
from Axa Re in order to prefund an emergency response in the event of a drought. The precipitation cover is a call option based on pre-

cipitation as measured at 26 sites throughout the country,
converted into crop water-stress indices and combined in a
national basket. A crop water-stress index above a pre-
specified level at the end of the season indicating wide-
spread drought and crop failure triggers the pay-out. The
total amount covered was $7.1 million with a premium pay-
ment of $0.93 million provided by the WFP. This is an effi-
cient use of donor funds—$7 million leveraged using less
than $1 million of donor funds. Payment is immediate when
the trigger level is reached. Rapid availability of funds
means that the WFP can move quickly to provide aid on a
timely basis, thereby reducing human misery, limiting pop-
ulation dependence on outside support, and ultimately
reducing the total cost to the world donor pool of humani-
tarian assistance for this crisis.
Source: Weather Risk Management Association.
http://www.wrma.org/

ETHIOPIAN WEATHER DERIVATIVES
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improve catastrophe modeling, address the causes of climate
change, and prepare for and adapt to the impacts. The interna-
tional aid community also has an important role to play by pro-
viding assistance to public-private risk transfer programs such
as those in Turkey, Mexico and Ethiopia, where private insur-
ers, governments and investors have come together to devise
innovative means of spreading financial risk while fostering
loss-prevention practices for weather-related insurance
schemes (See box on previous page).
A number of basic questions would need to be addressed in

establishing a public-private climate insurance partnership
program, including the following:
� How should climate-related hazard events be defined?
What data, techniques and models should be developed to
support the measurement of risk and losses? How much
coverage should be available, and how should premiums
and deductibles be determined?Who should be eligible for
government subsidies and to what extent? How can links
between national programs, international financial mech-
anisms and private financial markets, and between servic-
es and the end-users, be established? How canmonitoring
and verification mechanisms be established and how
should operational responsibilities be divided between the
government and the private sector?

� What would be the most effective role for insurance com-
panies in a public-private partnership? Using their
expertise and existing infrastructure, can insurance com-
panies provide many essential non-risk-bearing technical
functions, such as technical support for risk assessment,
risk management, product design, distribution, market-
ing, loss handling and administration? Can they use their
knowledge of financial engineering to evaluate and design
alternative risk transfer mechanisms such as self insur-
ance, catastrophe bonds and weather derivatives?

What can governments do? Firstly, they need to address
fundamental policy and political economy questions such as
mandatory insurance in hazard prone areas and land use regu-
lation to restrict construction in such areas. Designing and
enforcing improved building codes (with manageable and
affordable approval processes) and increased resource alloca-
tion for services and infrastructure in areas such as waterman-
agement, flood control and agricultural extension services are
important. Periodically, there is a need for governments to
review “standards of insurability” to guarantee that insurance
companies provide affordable insurance, and when not possi-
ble but necessary, develop policies for new standards.
In developing countries, governments need to ensure

licensing and investment policies are designed not only to
protect domestic incumbent interests, but also to facilitate
rapid diffusion of insurance services. There is also a need for
more rapid deregulation to enable better access to risk man-
agement technologies, more efficient distribution systems,
cheaper access to reinsurance and more private capital.
Governments must also work with the private sector to col-

lect and analyze more comprehensive data on weather-related
losses especially on small-scale events. In this context, existing
public services infrastructure could bemade available to insur-
ance companies to systematically build information on losses in
sectors such as transportation, health and energy.Governments
could also make sure that basic insurance loss data is readily
available in the public domain, and in poorer areas could work
with the private sector to develop innovations, such asmicroin-
surance and microcredit, in order to reach the uninsured.
Finally, and most importantly, governments can be part of col-
lective action to curb emissions.
In conclusion, market based financing and risk transfer

mechanisms will not be sufficient in mitigating the adverse
economic consequences of natural disasters. The insurance
industry has been withdrawing from weather risk markets
because of the high uncertainty and ambiguity of the risks to
be insured. It is not eager to get back into this business.
Underdeveloped insurance markets, regulations and institu-
tions further limit the use of market based financing and risk
transfer mechanisms in developing countries. Private-public
financing and risk transfer partnerships can contribute in
overcoming the hesitancy of private insurers. Greater nation-
al, regional and global coordination between industry, gov-
ernments and international financial institutions could
increase the use of such partnerships. But governments will
have to take the lead. They need to increase public invest-
ments in long-termmitigation and adaptation, set aside funds
and enable fiscal space and flexibility, and continue improv-
ing the business environment so that private financial mar-
kets can play a bigger role. �
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RISING SEA LEVEL WASHING AWAY VILLAGES IN INDIA
The edge of the sea encroaches upon the village of Kanhapur, Orissa,
India. Kanhapur is one of seven coastal villages in the area, five of which
have already been washed away by the sea, and residents believe their
homes will be submerged within one year and are preparing to evacuate.


