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1. INTRODUCTION

Flooding in Germany, Austria, Hungary, the
Czech Republic, and Russia in August 2002 may re-
sult in the highest flood damages ever recorded in
Europe. An independent commission has an-
nounced a loss estimate of over U.S. $16 billion
solely for the German state of Saxon.(1) Even be-
fore these flood disasters, the risks from floods of
all types, including flash floods, river floods, and sea
surges, were high on the political agendas of almost all
European governments.

In comparison with many developing countries,
the fatalities from floods in Europe are low, approxi-
mately 500 in the past decade, and the death toll is de-
creasing due to improved forecasting and early warn-
ing technologies. At the same time, economic losses
appear to be soaring. There are no reliable estimates
of the full direct and indirect damages from European
floods, but many of the over 20 major flood events in
Europe in the 1990s are unprecedented in terms of
economic damage. For example, loss estimates from
the Italian floods of 1994 were over U.S.$9 billion,
which came close to the U.S.$11 billion estimated
losses from the inundation of nine U.S. states in
the midwest in 1993.(2) Particularly for the transition
countries of central and eastern Europe, floods pose
a significant risk to economic development and can
be devastating to the usually uninsured victims and
to governments that are ill prepared to provide flood
relief and recovery. For example, economic damages
from the 1997 floods in Poland and the Czech Repub-
lic were U.S.$3.7 billion and 1.5 billion, respectively,
which is 2.9 and 3.5% of their respective GDPs.(3,4) To

1 International Institute of Applied Systems Analysis, Laxenburg,
Austria.

! Address correspondence to Joanne Linnerooth-Bayer, Interna-
tional Institute of Applied Systems Analysis, Laxenburg, Austria;
bayer@iiasa.ac.at.

put these losses into perspective, the U.S.$110 billion
loss from the 1995 earthquake in Kobe resulted in a
nearly equivalent 3.2% of Japan’s GDP.

Europe is not alone in its recent experience of
large economic losses from flood disasters. World-
wide, floods are responsible for a greater number of
economic damages than any other type of natural
event. Although loss estimates from natural disasters
must be viewed with great caution, in the period 1985
to 1999 Munich Re estimates total global losses from
all natural disasters to be U.S.$896 billion. As shown
in Fig. 1, Europe’s approximate share of these losses
is 13%, or U.S.$116 billion. At least one-third of these
losses is roughly estimated to be from flooding,(5) and
this proportion is higher in Europe. More disturbing
than the absolute value of the losses is their increase in
the last decades. Again according to Munich Re, eco-
nomic losses from floods, storms, and other disasters
have increased about 14-fold from the decade of the
1950s; however, the number of flood events has not
risen significantly, indicating that the main culprit for
rising losses is increased vulnerability of people and
capital.(6) Global social and environmental changes,
such as shifts in land use, population and migration,
energy use, and climate warming, will likely increase
the costs of natural disasters and raise the potential
for more severe catastrophes.

Attribution of blame for the escalating flood
losses to human activities has generated a wide de-
bate on issues of responsibility and liability, as well
as on the appropriate measures for mitigating losses
and providing relief to victims. Throughout Europe,
governments have traditionally spent large sums on
protective levees and other structural mitigation mea-
sures. These measures have recently come under at-
tack from environmentalists and others, who argue
that they are costly and detrimental to local ecosys-
tems, that they often displace the flood risk from
upstream to downstream countries, and that they
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Fig. 1. The global distribution of natural
catastrophe losses and insured losses
(1985–1999).

encourage more development in flood-prone areas.
With important exceptions, for instance, the United
Kingdom and Germany, governments also assume
major responsibility for losses to private individuals,
in addition to their post-disaster expenses for repair-
ing public infrastructure. In some countries, notably
Hungary and Italy, the central government compen-
sates up to 100% of private structural losses. Com-
pensating flood victims is discouraging local efforts to
reduce flood losses and is also causing serious prob-
lems for many governments, especially those striving
to meet the Maastrich conditions for EU membership.
These governments would welcome more private re-
sponsibility and insurance.

In Europe, and worldwide, the proportion of dis-
aster losses covered by insurance and reinsurance is
relatively small in comparison with that reimbursed
by governments.(7) As shown in Fig. 1, only about
18% of European disaster losses are insured, which,
however, is above the global average. In the past, in-
surers have been reluctant to enter many catastrophic
markets, but this is changing with improved computer
modeling for estimating the risks. The potential for
catastrophe insurance is enormous, especially as in-
surance markets become more international, but this
market is constrained by the large capital require-
ments on the part of insurers. A unique feature of
catastrophe insurance is that spreading risk cannot
be achieved just by having a pool of premium payers.
The problem is the timing, since a rare catastrophic
event can occur before enough premium income has
accumulated to cover the claims. Therefore, insur-
ance companies rely on both reinsurance and capi-
tal reserves to meet very large, dependent claims. To
overcome the finite nature of insurance capital, re-
cent attention has been given to novel risk-transfer
or hedging instruments, including catastrophe bonds
that transfer the risks to the global capital markets.(8,9)

There is also interest in exploring whether govern-

ments could insure their infrastructure with the use
of these instruments.

The policy debate on issues of responsibility and
liability for flood losses, as well as on the appropriate
measures for mitigating losses and providing relief to
victims, raises an important set of research questions:
What is the role of anthropogenic phenomena on cur-
rent and potential future losses from flood events?
How should governments, businesses, and the pub-
lic manage or cope with their increasing risks of flood
damages? What are cost-effective and socially accept-
able mitigation strategies, and how should the remain-
ing losses be shared or pooled? How can governments
cooperate with insurance companies, other private
entities, and NGOs in mitigating flood damage, pro-
viding relief to the victims, and ensuring economic re-
covery? What is the potential role of novel financial
instruments, such as catastrophe bonds, for transfer-
ring risks? What types of democratic institutions can
cope effectively with the escalating risks?

These questions have motivated the selection of
articles presented in this special issue. The articles
originate from two conferences held at IIASA in
Laxenburg, Austria in 1999 and 2001: Global Change
and Catastrophe Risk Management: Flood Risks in
Europe, sponsored by the European Commission,
and Integrated Disaster Risk Management, jointly
sponsored by IIASA and the Disaster Prevention Re-
search Institute (DPRI) of Kyoto University. The se-
lected articles focus on three highly topical and largely
unexplored issues raised by European flood risks. The
first is the respective roles of climate change and
human interventions in hydrological and economic
systems on flood risks in Europe. Armed with infor-
mation on the causes of the damages, European gov-
ernments and publics can better proceed in reducing
and coping with the losses. This raises a second im-
portant issue on public participation and democratiza-
tion of flood risk management processes. There are no
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singular solutions to managing flood risks, but many
different paths for reducing losses, providing relief to
victims, and restoring public and private infrastruc-
ture. Because of the different views and values of the
stakeholders, a challenge is to design trustworthy risk
management institutions and processes. A third and
very new issue is the financial management of disaster
risks by public or sovereign entities. Especially in the
case of Europe’s transition countries, governments of-
ten have difficulty raising sufficient funds after a disas-
ter to finance their obligations of providing relief and
repairing public infrastructure. A question addressed
in this volume is whether the public authorities of
transition and poor countries should hedge their risks
from floods and other extreme events with insurance
or insurance-related, risk-transfer instruments.

These questions and issues are not unique to
Europe. By addressing the underlying causes and pol-
icy responses to escalating flood damages in Europe,
this collection of articles will be of interest to a broad
audience of policymakers, practitioners, consultants,
and academics who are concerned about the rising
global economic toll from flood disasters.

2. THE ROLE OF CLIMATE CHANGE
ON EUROPEAN FLOOD RISKS

The UN’s International Panel on Climate Change
recently concluded that, while there are uncertainties,
some extreme events, such as droughts, floods, heat
waves, avalanches, and windstorms, are projected to
increase in frequency and/or severity due to changes
in the mean and/or variability of climate.(10) A ques-
tion addressed in this volume is what this means for
Europe today? To what extent, if any, can the re-
cent flood losses in Europe be attributed to climate
change?

Two authors in this volume, Axel Bronstert and
Zdzislaw Kazmarek, investigate this question. In his
article on “Floods and Climate Change: Interactions
and Impacts,” Bronstert discusses the difficulties and
uncertainties in separating the effects of global warm-
ing from the many other human-induced factors in-
fluencing the frequency and intensity of flood events
and the resulting losses. He refers to the interdepen-
dency of the flood risk components as the “cascade
of flood risk,” which includes changes in land use and
land cover, modifications to the river morphology and
the channel system, the increase in human settlements
and capital in flood risk areas, in addition to the pos-
sible effects of a changed climate. These components
affect the risk of catastrophic flood losses in many

different ways, for example, by altering the retention
capacity of river basins and by increasing the vulnera-
bility of people and property in flood-endangered ar-
eas. Climate change can also affect the frequency and
intensity of floods in different and sometimes sub-
tle ways. A warmer climate will likely increase pre-
cipitation,(11,12) where the distribution of rainfall in
addition to the average plays an important role with
regard to flood risks. It is not only precipitation that
translates into flood losses. As Bronstert points out,
climate warming can alter vegetation and affect water
absorption and flooding.

Bronstert’s review of research on climate change
and European flood risks shows evidence of a corre-
lation between climate warming and more intensive
and frequent flooding in some European regions and
no correlation in other regions. He is not surprised
by the conflicting evidence and cautions about the
uncertainties and unknowns inherent in the scientific
investigations. The knowledge of climate change and
its effects on systems and cycles of the earth is still
very limited. Much of the research relies on the results
of large global climate models, but the spatial scale of
these models is too large for simulating anthropogenic
climate change on a regional level. Moreover, most of
the investigations of changing flood risks do not ade-
quately take into account the full range of human in-
fluences. Bronstert concludes that an integrated anal-
ysis of the human-induced affects on the whole chain
of causes and effects, including precipitation, runoff
generation and concentration, flood wave propaga-
tion, and inundation and flood damage, is needed to
determine the effects of climate change on flood risks.

The conclusion Bronstert draws for Europe has
been reaffirmed by recent research investigating the
relationship between global warming and riverine
flooding.(13#15) These authors present results indicat-
ing that global warming may have increased the risk
of flooding in selected, very large river basins; how-
ever, they also point to the limitations of available
climate models, which do not have a fine enough res-
olution for an accurate application at the river-basin
level, and to the large and inherent uncertainties.

Whereas the causal link between global warming
and flooding is still speculative, an important part of
this link in Europe may be the relationship between
the temperature cycles of the North Atlantic Ocean,
the North Atlantic Oscillation (NAO), and Euro-
pean weather. To explain the variations observed in
snowmelt-induced floods in Polish rivers, Zdzislaw
Kaczmarek investigated the correlation of European
precipitation and snow cover with the NAO index of
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temperature variations. Applying a simple model of
snow cover and its changes in selected Polish river
basins, he concludes that as the NAO has increased,
snow cover has decreased significantly. This means
that the spring floods resulting from the combination
of melting snow and precipitation2 may be linked to
the stochastic properties of the NAO index.3 This re-
sult is of substantial interest for assessing the risks of
European flood events associated with precipitation
and snow melt.

Kaczmarek does not address the question of
whether there is a link between the NAO index and
climate change and thus does not suggest that spring-
time flooding is resulting from a warmer climate. De-
spite the IPCC’s warning that climate warming will
likely increase the extremes in weather events on
a global scale, there is still scant evidence that cli-
mate warming is contributing to flood losses in Eu-
rope today. Alternatively, the escalation in European
flood losses are convincingly linked to other anthro-
pogenic causes. In his article on “European River
Floods in a Changing World,” Ken Mitchell argues
that the main driving forces of flood losses are the
movements of population and capital into harm’s way
and human-driven transformations of hydrological
systems. Population and capital are concentrating in
flood-prone areas; land-use practices are increasing
the runoff from precipitation; and private construc-
tion and public infrastructure continue to be vulnera-
ble to flood damage. This conclusion applies beyond
Europe and beyond flooding. Normalizing the trend
in losses from major natural disasters across the globe
over the last decade to account for population and
wealth increases, Mileti(18) concludes that increased
disaster losses can almost be fully explained by in-
creasing population and capital.

3. INSTITUTIONAL CHANGE AND THE
DEMOCRATIZATION OF FLOOD
RISK MANAGEMENT

The conclusion that climate change is playing a
role in Europe’s increasing flood damages is prema-

2 By downscaling GCM models for Alpine catchment areas,
Nachtnebel(16) also argues that an increase of flooding proba-
bility may depend on simultaneous precipitation events and snow
melting due to warmer spring temperatures.

3 A further correlation between sea temperature and precipitation
has been found by Maracchi,(17) who shows that the triggering of
convective storms in Tuscany, Italy has been enhanced by warm
moist air from the Mediterranean due to increased sea surface
temperature.

ture; however, the IPCC suggests that such a role is
likely in the future. In countries like the Netherlands,
which have a large geographic exposure to the risks
of flooding, a small increase in flood probability and
intensity can translate into large losses. In their arti-
cle on “Adapting to Climate Change: A Case Study
on Riverine Flood Risks in the Netherlands,” Richard
Tol, Nicolien van der Grijp, Alexander Olsthoor, and
Peter van der Werff ask whether institutions like the
water-management authorities and their likely suc-
cessors will learn and adapt to the increasing flood
risks posed by climate change and also by interven-
tions in the system by the authorities themselves.

This question cannot be addressed without taking
into account the full institutional setting surrounding
river-basin management. In the Netherlands, more
so than in most other European countries, the pub-
lic and NGOs have become influential, especially in
protesting the extent of flood protection by dikes
and other structural measures in favor of more nat-
uralistic policies like “letting the river be the river.”
Public interventions have constrained the water au-
thorities in providing engineered flood protection.
The authors argue that the increasing demands of
the public to participate and influence flood risk man-
agement poses an added difficulty with regard to the
institutional response to climate change. Based on a
study of the Rhine and the Meuse Rivers over the past
50 years and a scenario study looking into the future,
they show that new and major infrastructure is needed
to maintain flood risks at their current level. They give
particular attention to a Dutch proposal to construct
bypass channels as an alternative to building stronger
dikes. The authors are pessimistic, however, that there
will be sufficient political will or needed institutional
reform to meet this challenge.

Hungary ranks only behind the Netherlands
with respect to flood exposure. In contrast to the
Netherlands, participatory institutions and processes
with regard to flood risk management in Hungary are
at an early stage; yet, in all areas of environmental
policy the public is becoming increasingly involved.
In their article on “Stakeholder Views on Flood Risk
Management in Hungary’s Upper Tisza Basin,” Anna
Vari, Joanne Linnerooth-Bayer, and Zoltan Ferencz
report on the results of a public survey to elicit views
on the appropriate means of reducing the high flood
losses in the Upper Tisza area and for transferring the
residual losses from the direct victims, who are mainly
very poor farmers, to taxpayers or an insurance pool.
These issues are especially topical for the Hungarian
government, which has spent large sums on protective
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levees and has a traditional obligation to provide
substantial relief to private victims (following recent
devastating floods the government fully repaired or
rebuilt all damaged homes and buildings). Although
many view government support as fair for this des-
titute region, there are mounting concerns that it is
unsustainable. Levees inevitably increase flood risks
further downstream, and compensating flood victims
is not only discouraging local efforts to reduce flood
losses but is also causing serious problems for the
Hungarian government, which intends to meet the
Maastrich conditions as a new EU member. The gov-
ernment would welcome more private responsibility
and insurance, a policy path that few in this region
could afford and thus a path that would force many
villagers to leave the area. Moving the villagers out
and renaturalizing the river are measures many con-
sider more sustainable and, at the same time, unfair.
Hungary, like many countries, is thus asking how it
can manage its flood risks in a more responsible, sus-
tainable, and equitable way.

In contrast to the Netherlands, the Hungarian sur-
vey showed a great deal of public support for struc-
tural flood-protection measures. Another surprising
result was that a large number of the survey respon-
dents including those facing no risks thought the tax-
payers should continue to aid Tisza victims on the
grounds that the government—by not pursuing more
sustainable policies in the region—is largely respon-
sible for the flood damage. Yet, there was strong
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Fig. 2. Percentage of losses reimbursed
by insurance and state aid in recent
European and U.S. floods.

minority support for more ecological flood policies
and more private insurance, which led the authors
to conclude that a flood-risk management strategy in
Hungary will likely not gain widespread support un-
less it combines elements of the business-as-usual
path, that is, the path characterized by central govern-
ment protection and relief, with more market-based
and ecological policy paths.

The hierarchical policy response to flooding in
Hungary is typical of central and eastern European
governments but contrasts sharply with, for example,
the United Kingdom, which has traditionally placed
far greater responsibility on individuals and house-
holds. Fig. 2 shows the relative proportions of state
aid and insurance in the cases of four recent floods in
Europe and the United States (the 1998 Easter floods
in the United Kingdom, the 1993 German Rhine
floods, the 1997 Polish flood, and the 1993 midwest
floods in the United States). Although the United
Kingdom and Germany stand out as having practi-
cally no or very little government aid to victims, re-
spectively, the Polish government (like Hungary) is
very generous in compensating victims after a disas-
ter. Interestingly, the United States, with its exten-
sive National Flood Insurance Program, is closer to
the Polish case. Many observers point out the draw-
backs of relying heavily on government post-disaster
relief, which encourages more development in flood
plains,(19) but as the Hungarian case demonstrates,
many citizens value social solidarity.
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4. THE FINANCIAL MANAGEMENT
OF DISASTER RISKS BY PUBLIC
AUTHORITIES

Social solidarity, however, is creating a dilemma
for the Hungarian and many transition governments
in Europe. With escalating flood losses, transition
countries may have great difficulty in financing dis-
aster relief and recovery. This is especially true in
the developing world, where very poor and very
disaster-prone countries, for example, Honduras, the
Philippines, and China, face such enormous risks that
they can be set back years in their development. The
question addressed by three articles in this volume is
whether these governments could potentially benefit
from insurance or insurance-related financial instru-
ments, like catastrophe bonds, that are put into place
before the disaster occurs.

Keeping in mind that the purchase of insurance or
related financial instruments raises the average costs
of disasters to governments in the long run, the ques-
tion is whether the benefits justify the costs. This is
the question posed by Paul Freeman and Georg Pflug
in their article on “Infrastructure in Developing and
Transition Countries: Risk and Protection.” The the-
ory of insurance suggests that private individuals will
purchase insurance only if they are averse to large
losses. If these losses are spread across taxpayers, is
there a reason for governments to purchase protec-
tion? Freeman and Pflug point out that insurance has
added value in assuring a country’s solvency and sta-
bility, especially if the government authorities have a
difficult time borrowing, diverting funds from other
budget items, or otherwise raising funds after a ma-
jor disaster. Therefore, the cost-benefit tradeoff is one
between economic growth through infrastructure in-
vestment and added solvency and stability for the
economy, and the authors develop a model to show
this tradeoff. The model provides a basis for evaluat-
ing alternative financing options based on a country’s
objectives in terms of growth, solvency, and stability.

In their article on “Sovereign CAT Bonds and
Infrastructure Project Financing,” David Croson and
Andreas Richter examine this tradeoff more specifi-
cally by exploring the opportunities for using insur-
ance and other catastrophe-linked securities to re-
duce the total costs of funding public infrastructure
projects in emerging economies. This question is of
particular interest to countries that fund infrastruc-
ture projects with loans from international financial
institutions, such as the World Bank. The reason is
that funding for infrastructure projects in vulnerable
countries is often rerouted as relief for natural disas-

ters, for example, almost 40% of World Bank funds to
Mexico are diverted for this purpose.(21) The authors
address three key questions: Can catastrophe-linked
securities be useful to a sovereign nation? Why are
such financial instruments ideally suited for protect-
ing public infrastructure projects sponsored by third
parties (for example, the World Bank)? How can the
benefits of a government or external project spon-
sor, who values timely completion of the projects, be
estimated? To address these questions, the authors
develop a model to calculate the overall cost reduc-
tions possible with the use of insurance-linked finan-
cial instruments based on the costs of capital, the risks
of disasters, the feasibility of strategies for mid-stage
project abandonment, and the timing of capital com-
mitments to the infrastructure investment. With this
model, they can identify the set of circumstances un-
der which governments or lenders might be advised
to pay the costs of these instruments.

This research shows that governments can poten-
tially benefit from insurance or insurance-related fi-
nancial instruments that are put into place before a
flood or other disaster occurs. This is not the case for
governments of wealthy countries, since they usually
have ample opportunities to raise needed capital after
a disaster occurs, usually by issuing highly rated gov-
ernment bonds. This raises a dilemma: those countries
or governments that can benefit most from insurance-
linked instruments can least afford them. Are there
ways that private “charitable” investors or interna-
tional financial institutions could play a role in en-
abling poor countries to purchase pre-disaster financ-
ing instruments?

Howard Kunreuther and Joanne Linnerooth-
Bayer in their paper on “The Financial Management
of Catastrophic Flood Risks in Emerging-Economy
Countries” address this question and suggest that
international lending institutions, like the World
Bank, consider innovations for subsidizing insurance-
related instruments for poor countries. These authors
also examine another important consideration with
regard to sovereign insurance. Since governments,
like individuals, may invest less in mitigation mea-
sures if they have insurance, the so-called moral haz-
ard, these authors suggest alternatives for linking
insurance-linked instruments with incentives for mit-
igation. As a concrete case, they discuss the finan-
cial arrangements for disaster recovery after the 1997
flood disaster in Poland, which caused losses of ap-
proximately 3% of Poland’s GDP. They examine the
full range of pre-disaster financing or hedging in-
struments and compare them with those available
after the disaster. They also show how pre-disaster
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instruments can be designed to create incentives for
the Polish authorities to invest in flood-proofing a
water-treatment plant.

5. CONCLUDING REMARKS

Research investigating the relationship of climate
change to the intensity and frequency of flooding
at a regional level will be indispensable if countries
over the globe are to adapt to a warming climate. In-
deed, weather-related extreme events may be one of
the costliest consequences of climate change. Even
without climate change, Europe and the world will
likely face a dramatic rise in weather-related dam-
ages. Our knowledge about climate change and other
factors contributing to extreme events and their con-
sequences is improving, but this knowledge will prove
insufficient if institutions and democratic procedures
are not in place to respond to the risks.

Stakeholder involvement in policies for the mit-
igation of flood losses and the design of a public-
private insurance system in Hungary is a step in
this direction. Yet, the pessimistic outlook for insti-
tutional adaptation to increasing flood risks in the
Netherlands, which has a strong democratic tradition
of stakeholder involvement, is sobering and suggests
that we need new, innovative ideas for adapting to
the challenges of floods and other extreme events. A
recent innovation for the financial management of ex-
treme events stems from the financial markets and in-
cludes a range of insurance-related, risk-transfer in-
struments, such as catastrophe bonds, to hedge the
risks of disasters. These instruments have proven use-
ful to insurance companies with high exposure to
catastrophes, and they could potentially support poor
governments facing the potential of very large disaster
losses. However, those governments most in need of
pre-disaster financial arrangements are usually those
that can least afford them. This may call for rethinking
the way governments provide aid to poor countries,
in effect switching from post-disaster relief to aid in
the form of pre-disaster insurance instruments.
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