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Preface

This book aims to advance risk management policy and its implementation by

demonstrating the application of novel techniques, including integrated catastrophe

models, to aid policy decisions on contemporary disaster risk issues.

With the dramatic rise in disaster events across an increasingly populous and

interdependent world, people and communities are recognizing the importance of

reducing their human and economic toll. Efforts are thus being intensified to

manage risk and incorporate risk management principles into policymaking.

Science-based risk management policy is not without its challenges. Given the

dynamic demographic, economic, and social context in which most hazards are

embedded, including the changing climate, it is not only difficult to assess risk, but

standard statistical measures are inappropriate for high-impact, low-probability

events with probability distributions characterized by fat tails. In addition, data

on rare events are, by definition, very limited and fraught with uncertainties.

Beyond the assessment of risk itself, identifying robust policy options in a highly

uncertain future world poses equally difficult challenges. Finally, experts alone

cannot evaluate policy options, as these depend on the values and preferences of

those affected. This raises the challenge of designing and assisting stakeholder

processes that can inform risk management decisions.

In this book, we address all these challenges by developing and applying

modeling techniques for the assessment and management of catastrophe risk

through an integrated “systems” approach. We emphasize integration across natural

and social systems, applying models that take account of the intensity and fre-

quency of natural phenomena combined with the exposure and vulnerability of

social and economic systems. Integration also means gauging the complex

interdependencies of risk across different temporal and spatial scales, which often

requires estimates to be made into the distant future and at the local, regional,

and even global levels. Integration, too, means taking due consideration of the

manifold uncertainties and social constructions of disaster risk. Finally, and perhaps

most importantly for the risk management policy process, integration means listen-

ing and responding to the plural and competing values and worldviews of

stakeholders and policymakers.
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Catastrophe models are an important part of integrated assessment, as they

explore the drivers of disasters (hazard, exposure, and vulnerability), simulate

future events based on historical data and expert judgment, apply appropriate

statistical distributions, and take account of future drivers, including climate

change. As well as providing risk estimates, as this volume shows, models can

be embedded in support systems that can account for conflicting values and for the

views of multiple stakeholders. In so doing, they provide useful knowledge and

support to risk management policies.

The uniqueness of this book lies in its usefulness to real-world policies on

catastrophe risk management and in the novelty of the approaches used for

this purpose. The three parts of this volume begin with general discussions of

catastrophe models for informing risk management policies, and then turn to the

implications of disaster risk for economic growth and socioeconomic development

along with associated options for managing risk. Finally, we focus on the Tisza

River basin in Hungary, describing the implementation of a model-based stake-

holder process for managing flood risk in this area.

Specific applications, among others, include designing insurance strategies

for seismic risk in Italy; assessing strategies for managing flood risk in Austria

and northern Vietnam; evaluating large infrastructure projects throughout the

world; examining the development implications of extreme climate events in

Nepal; developing catastrophe bonds for public sector risk management in Mexico;

informing the development of the Caribbean Catastrophe Risk Insurance Facility;

and implementing a model-based participatory process for managing flood risks in

Hungary. The applications break new ground by applying advanced modeling

techniques to the policy issues at hand. Methodological innovations include novel

stochastic optimization approaches and probabilistic risk estimation taking account

of indirect losses and climate change. The applications are also innovative in that

they are designed for user-friendly policy support. This, as the research shows,

can prove to be instrumental in helping stakeholders holding strongly divergent

views reach policy consensus and in helping national policymakers, donors, and

development bankers devise risk financing strategies for implementation in highly

vulnerable developing countries.

The research was carried out by scientists and their collaborators at the Inter-

national Institute for Applied Systems Analysis (IIASA), which conducts policy-

oriented systems research into problems that are too large or too complex to be

solved by a single academic discipline. The research is also linked with other

international institutions such as the Intergovernmental Panel on Climate Change,

UN development agencies, the European Commission, and international finance

institutions such as the Asian Development Bank, Inter-American Development

Bank and the World Bank. The researchers represent a wide range of physical and

social science disciplines, including mathematics, statistics, systems modeling,

geology, meteorology, hydrology, physics, engineering, computer sciences, eco-

nomics, decision analysis, and sociology. The case studies would have not been

feasible without the support and availability of data from the national or local

institutions involved, as acknowledged in the relevant chapters. In particular, we are
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grateful to the Swedish Research Council for Environment, Agricultural Sciences

and Spatial Planning (FORMAS) for providing funding to IIASA for the Hungarian

Tisza river project.

It is our hope that this volume will contribute positively to the design and

implementation of scientifically grounded and socially acceptable policy options

able to reduce the unacceptable human and economic toll of natural hazards, today

and in the future.

Aniello Amendola

Tatiana Ermolieva

Joanne Linnerooth-Bayer

Reinhard Mechler
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Chapter 1

Catastrophe Models for Informing Risk

Management Policy: An Introduction

Aniello Amendola, Tatiana Ermolieva, Joanne Linnerooth-Bayer,

and Reinhard Mechler

Abstract Catastrophe models that combine data on past occurrences with future

simulations of the hazard, exposure and vulnerability, and that take account of the

dynamic environment as well as correlated loss distributions, are becoming increas-

ingly important for assessing the risks of extreme events. This volume demonstrates

innovative ways for adapting catastrophe models to aid risk management policy

processes via a number of wide ranging applications. These are grouped into three

parts, according to whether they inform local or regional risk management policy

(Part I); the management of country-wide catastrophe risk and its implication on

development (Part II); and the participatory design of a national insurance program

(Part III). After discussion of the rational for the proposed approaches, which

integrate across multiple disciplines and take into account the diverse values and

preferences of stakeholders, this chapter introduces Part I of the volume, including

cases on the management of flash flood risk in Vienna, Austria, an earthquake

insurance program for the Tuscany region in Italy, balancing stakeholder concerns

in establishing flood risk management strategies in northern Vietnam, and the

choice of appropriate discounting factors in the design of infrastructures under

consideration of catastrophe risk.

Keywords Catastrophe models • Integrated risk management • Participative

policy process • Catastrophe risk and development • Catastrophe insurance

program • Robust decisions • Case studies
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1.1 Scope

Managing the risks of catastrophic events poses difficult challenges to analysts and

policy makers. Disasters, whether “natural” or human induced, are embedded in

dynamic socio-economic environments characterized by changing demographics,

capital movements and social developments. Increasing economic and social

interdependencies mean that disastrous events can have long-term and spatially

dispersed consequences beyond their immediate or direct impacts. Hazards are also

changing, particularly those related to the climate, such as floods, hurricanes,

droughts and famine, or those related to technological developments, such as

major interventions on rivers. In this dynamic and systemic environment, and

because of the nature of the statistical distribution of high-impact and low-

probability events, analysts can neither rely solely on historical data and trends

nor on standard statistical measures. For these reasons, catastrophe models that

combine future simulations of the hazard, exposure and vulnerability, and that take

account of the dynamic environment as well as correlated loss distributions, are

becoming increasingly important for assessing the risks of extreme events.

This volume demonstrates innovative ways for adapting catastrophe models to

aid risk management policy and policy processes. Probability- and model-based

policy applications for disaster risk management are relatively new. In the early

1990s insurers developed catastrophe models to take advantage of greatly improved

computing capabilities. Only recently, these models have been developed to aid

public policy decisions (Grossi and Kunreuther 2005). The applications in this book

are wide ranging, including, among many others, the consideration of disaster risk

in the public finances of Nepal, the participatory design of a national insurance

program in Hungary, the balancing of stakeholder concerns in establishing flood

risk management strategies in northern Vietnam, as well as assistance to policy

makers in the design of robust investments in dams and other critical infrastructure.

In sum, the models described in this book make use of novel methodologies and

tools that aid in the design of robust, efficient and equitable decisions and policy

processes for managing disaster risks. Specifically, the authors demonstrate model

applications that:

• take account of probabilistic and uncertain evidence on disaster risks (often

characterized by fat-tailed distributions) for designing public policy interventions;

• trace the indirect and often hidden effects of disasters on the economic system,

particularly in a development context;

• combine simulation models with advanced optimization methods to identify

robust policy options;

• apply spatial-temporal approaches for discounting in long- term planning for

critical infrastructure under conditions of catastrophe risk;

• include climate change and social-economic dynamics in a systems approach to

risk assessment;

• provide interactive and user-friendly decision support for participatory stake-

holder processes; and

• evaluate ex ante financial provisions with prevention measures in an overall risk

management strategy.

4 A. Amendola et al.



1.2 Risk Management and Systems Analysis

Major natural catastrophes have cost the world’s economies close to US$ 800

billion in the first decade of this century (Femke et al. 2010), and alone in 2011

the economic losses from natural disasters amounted to some US$ 380 billion,

making it the most expensive natural disaster year to date (Munich Re 2011).

Whereas disaster deaths per event are slightly declining, it cannot be ignored that

over 95% of fatalities have occurred in low- and middle-income countries (IPCC

2012). Even in developed counties, people and capital continue to locate in high

hazard zones, often assuming that they are protected by dams, sea walls or other

structures. That these structures also fail catastrophically was demonstrated by the

Katrina hurricane in 2005 and the Fukushima tsunami disaster in 2011.

Without improved risk management that takes account of the stochastic and

interdependent nature of disaster drivers, the unacceptable human and economic

toll of disasters will likely continue (IPCC 2012). The need for risk management as

an alternative to a purely post-disaster response is well acknowledged (Mechler

et al. 2010). This includes investing in high-return risk reduction projects and

regulations, and also in instruments that provide post-disaster capital for the

recovery process. Insurance and other financial instruments not only provide

needed ex-post resources, but also can contribute to ex ante social protection, to

incentives for risk reduction, and to adaptation to climate change (Linnerooth-

Bayer et al. 2005).

Providing risk estimates and decision support for investments in risk manage-

ment, however, is far from straight forward. Analysts must explicitly acknowledge

and take account of many complex factors mentioned above: the stochastic and

interdependent nature of disaster drivers; the complex risk and policy environment;

uncertainties in the magnitude and frequency of current and future hazards; unan-

ticipated interactions between natural events and the response; and conflicting

interests and values in allocation of scarce resources. Another complicating feature

concerns the nature of the statistical distribution of high-impact, low-probability

events, which have a high likelihood of being fat tailed. In the presence of fat tails, it

is inappropriate to model the consequences using the normal or lognormal

distributions, and techniques based on mean values (for instance, historical

averages) are not applicable.

To an important extent, these complicating features can be dealt with by using

catastrophe modeling techniques. Catastrophe models explore separately the

components of a disaster (hazard, exposure and vulnerability) and simulate future

events based on an appropriate statistical distribution. The modeler can also take

account of the dynamics of future drivers. Catastrophe models thus are an important

form of systems analysis, which can be thought of as the process of investigating the

interrelated parts of a system and using the information to assess potential courses

of action. Beyond providing risk estimates, as this volume shows, models can be

embedded in support systems that take account of conflicting values and views of

multiple stakeholders. In this way, they provide useful knowledge and support to

risk management policy makers.

1 Catastrophe Models for Informing Risk Management Policy: An Introduction 5



1.3 Catastrophe Models

Catastrophe models typically include four modules: hazard simulation, an inven-

tory of exposed assets, the distribution of their vulnerability, and loss assessment

(Walker 1997). Based on the four modules, catastrophe models generate what is

referred to as an exceedance probability curve that indicates the probability p that at
least $X is lost in a given year. The model may make use of a geographical

information system (GIS), which maps the hazards, assets and potential losses,

thus providing the decision maker with evidence on the complex spatial patterns of

correlated loss distributions.

Insurers and their consultants have been the first to develop and make use of

catastrophe models. In 1994, about 10–12% of property insurers used catastrophe

models; in 2009, over 90% of insurers utilized these models (Grossi and Zoback

2009). Most recently public authorities are recognizing their value for policy

interventions, such as land-use planning. The FEMA-supported and publicly acces-

sible HAZUSmodel, which estimates potential losses from earthquakes, floods, and

hurricanes (FEMA 2012), is one important example. As another example, the

European Commission is supporting the development of a community-based seis-

mic hazard model for the Euro-Mediterranean region (SHARE 2009), among other

open-access models (EC 2010).

Catastrophe models cannot, however, provide exact estimates of risk. Following

the unprecedented frequency and severity of storms during the 2004 and 2005

North American hurricane seasons, catastrophe models were criticized for their

large uncertainties, both in the data and in the knowledge about the natural

phenomenon. After Hurricane Katrina in 2005 there were concerns that the models

fail to include all aspects of hazard and loss, especially cascading failures (Grossi

and Zoback 2009). Those familiar with catastrophe models would agree that they

require careful use as they are not exact estimators of risk and losses, but rather a

tool to integrate available relevant data and science on hazard and vulnerability

(Grossi and Kunreuther 2005).

1.4 Catastrophe Models As Decision and Policy Support

A unique feature of this volume is the application of catastrophe models to real

world policy decisions for which it is useful to distinguish between two types of

policy contexts. The first involves a single decision maker with a clearly defined

objective. As one example, an insurance regulator might be charged with setting

premiums that balance between the welfare of private insurers (who want to

minimize their probability of insolvency) and insurance policy holders (who want

to minimize how much they pay for the policy). Another example is a government

policy maker charged with deciding whether to install a flood defense gate on a

subway system. Alternatively, the policy context can be characterized by multiple

6 A. Amendola et al.



stakeholders with conflicting objectives, who are participating in a process charged

with negotiating among different policy options. An example is the design of a

national insurance system. In both policy contexts, models can be an integral part of

a support or optimization tool.

1.5 Book Overview

The chapters in this book are grouped into three parts:

• Catastrophe Models for Informing Risk Management Policy

• Disasters and Growth: Modeling and Managing Country-Wide Catastrophe Risk

• Tisza River Basin in Hungary: Flood Risk Management, Multi-stakeholder

Processes and Conflict Resolution

1.5.1 Part I: Catastrophe Models for Informing Risk Management
Policy

Since it is methodologically intractable to optimize decisions in the face of the large

uncertainties inherent in low-probability events, the research reported in Part I

shows how the analyst can specify solutions that are “robust”, that is, that are

best given multiple uncertain outcomes. Applications include the design of insur-

ance strategies for seismic risk, risk management strategies for flash and river

flooding, and incorporating the discount rate in decisions on river dams.

A major methodological challenge addressed in Part I is how to optimize a

policy decision in the face of a very large number of catastrophe scenarios. Since a

strategy that is optimal given one scenario may not be optimal overall, the question

is how to design interventions that are robust with respect to all potential outcomes.

For this purpose, the authors develop and apply an innovative methodology that

combines catastrophe simulation models with stochastic optimization techniques to

enable the simultaneous analysis of complex interdependencies among damages at

different locations and robust structural and financial risk reducing measures.

More details on the chapters in Part I are discussed in Sect. 1.6.

1.5.2 Part II: Disasters and Growth: Modeling and Managing
Country-Wide Catastrophe Risk

The impact of disasters on aggregate economic performance and development, and

measures to increase country-wide resilience to catastrophes, are the subjects of

Part II of this volume (for an introduction see Chap. 6). The chapters reflect on how

1 Catastrophe Models for Informing Risk Management Policy: An Introduction 7
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catastrophic shocks impact on economic performance. Even in the case of well-

behaved economic models, as Chap. 7 shows, shocks may modify the structure of

the economy and lead to traps and thresholds triggering stagnation and shrinking.

IIASA’s catastrophic simulation model (CATSIM), which is the basis of the

chapters in this section, simulates public sector losses resulting from external

shocks. CATSIM uniquely incorporates an economic growth model to include the

indirect impacts. The model has proved useful in planning financial management

interventions.

CATSIM applications discussed in Part II are targeted to highly vulnerable

developing countries, and include:

• the development of catastrophe bonds for public sector risk management in

Mexico, for which CATSIM provided a picture of the different layers of risks

posed by earthquakes to the public finances and helped identify which risks

could be transferred to the international market at an acceptable cost (Cardenas

et al. 2007);

• the design of the Caribbean Catastrophe Risk Insurance Facility (CCRIF), where

CATSIM provided support for a stakeholder workshop in Barbados involving

nearly all Caribbean country finance ministries (Hochrainer and Mechler 2009);

and

• the design of a global climate-related disaster fund, for which CATSIM provided

the quantitative basis for its implementation.

1.5.3 Part III: Tisza River Basin in Hungary: Flood Risk
Management, Multi-stakeholder Processes and Conflict
Resolution

The third part of this book shows how a system analytical approach can provide

insights in a multi-stakeholder participatory process. Specifically, the authors report

on a 3-year stakeholder process (designed and implemented by IIASA researchers)

that ultimately produced a consensus on a nation-wide flood insurance system for

Hungary. A flood catastrophe model for the Upper Tisza was instrumental for the

success of this process. The hydrology-based model demonstrated the costs of

flooding on the Upper Tisza, and how these costs would be distributed differently

among residents, insurers and the government depending on the design of the

national insurance system. In accompanying chapters, the authors address the

elements of vulnerability in the Upper Tisza region, and also develop a methodol-

ogy for including climate change in the model.

Parts II and III of this book are introduced in Chaps. 6 and 10, respectively; in

what follows we briefly introduce Part I with an introduction and short description

of Chaps. 2, 3, 4, and 5.
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1.6 Part I: Catastrophe Models for Informing Risk

Management Policy

1.6.1 Introduction

Part I discusses the theory and application of integrated catastrophe models,

including:

• the management of flash flood risk in Vienna, Austria;

• modeling catastrophe risk in the design of an insurance system for Hungary;

• handling multiple criteria in flood risk management in Vietnam; and

• incorporating the discount rate in decisions on river dams.

This research is based on earlier work at IIASA, including models related to the

design of earthquake insurance policies in Russia and Italy by integrating an

earthquake hazard module and GIS-based maps of seismic intensities (Petrini

1995) and vulnerabilities (Amendola et al. 2000a, b).

A challenge explicitly addressed in Part I is evaluating the interdependencies

of hazard scenarios, risk management strategies and their outcomes. In conven-

tional catastrophe models, the assessment of policies are typically performed in a

scenario-by-scenario (what-if) manner; yet, the evaluation of all interdependencies

is methodologically intractable if there are large numbers of alternative scenarios

and policy combinations. A strategy optimal against one scenario may not be

optimal against multiple scenarios. This has prompted authors in this volume to

develop methodologies that make possible the identification of strategies that are

robust with respect to all plausible catastrophe scenarios. By robust we mean that

the strategies satisfy pre-specified conditions important to decision outcomes,

which requires combining simulation methods and stochastic optimization. Robust

solutions are based on the reality that exact evaluations of optimal decisions can

be intractable; yet by combining simulation methods and stochastic optimization

it is feasible to identify solutions that satisfy pre-specified constraints (Ermoliev

and Wets 1988). In Part I of this book, we not only demonstrate this innovative

“combination” methodology, but also show how the constraints can be sensitive to

the preferences of multiple stakeholders.

When multiple dimensions of the decision space are considered, the search for

robust solutions becomes more complex. Outcomes of the policy decision might

include such incommensurable elements as protecting livelihoods, biodiversity and

cultural heritage, which cannot easily be combined into a single monetary valuation.

Multi-criteria decision support may be called for, and this section demonstrates how

to combine catastrophe models and multi-criteria decision support.

1.6.2 Chapter Descriptions

The first chapter in Part I by Compton et al., Modeling Risk and Uncertainty.
Managing Flash Flood Risk in Vienna, presents an application of catastrophe

modeling to flash flood risk management in Vienna, where the policy options

1 Catastrophe Models for Informing Risk Management Policy: An Introduction 9



include both risk reduction and insurance. The study makes use of hydrological

flood risk assessment and simulation modeling. The analysis demonstrates that the

largest damages to be expected are for the city subway system.

The methodology is particularly innovative in that it analyzes selected policies in

the presence of major uncertainties, both aleatory and epistemic. Facing these

uncertainties especially under limited financial resources, the authors emphasize the

need for a combination of structural risk prevention and financial risk sharing

measures. The study is also innovative in its combination of Monte Carlo simulation

with stochastic optimization (see also Chaps. 3 and 15 of this book). The risks are

estimated and presented in the form of a “risk curve” or CCDF (complementary

cumulative distribution function), which plots the magnitude of an event on the

horizontal axis vs. the probability of exceeding that magnitude on the vertical axis

(similar to the probability of exceedance discussed earlier). The epistemic uncertainty

is represented by error bands of any desired confidence level that surround that curve.

Amajor finding of this chapter is that although structural (loss-preventing) and financial

(loss-spreading) policy measures may have significantly different characteristics, they can

be examined in a consistent and unified approach if an appropriate measure of risk is

identified. By combining ex ante financial provisions, such as a reserve fund and insurance,

with prevention measures, such as flood retention basins, an overall risk management

strategy can be identified that decreases total costs and reduces the likelihood of catastrophic

financial losses and their uncertainties.

Chapter 2 by T. Ermolieva and Y. Ermoliev, Modeling Catastrophe Risk for
Designing Insurance Systems, presents an integrated catastrophe management

model for the analysis of structural and financial measures reducing the impacts

of catastrophes on regional welfare. The authors discuss the challenging institu-

tional problems related to designing regional programs for insuring rare high-

impact risks. Their model addresses the characteristics of catastrophic risks: highly

mutually dependent and spatially distributed endogenous risks, uncertainty in

available data and models, the need for robust strategies in long term perspectives,

and explicit modeling of constraints and expectations of involved agents and

stakeholders (such as households, firms, local and central governments, insurers

and investors). The model consists of four modules: hazard, vulnerability, a multi-

agent accounting system, and a stochastic optimization module for determining

optimal prevention and financing policies. The chapter describes the theoretical

concepts and applies them to a case study focusing on insurability of seismic risk in

the Tuscany region, Italy.

For this purpose, the integrated risk management model explicitly incorporates a

hazard simulation module, i.e., an earthquake generator that accounts for the

geological characteristics of the region as well as the geographical distribution of

exposed buildings and their vulnerability. The optimization is based on reasonable

assumptions about the aversion of insurers to the risk of insolvency and the desire

of the insured not to overpay insurance premiums. It shows that it is possible to

design optimal insurance strategies that are robust with respect to loss dependencies

and uncertainties.
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Karin Hansson et al. in the third chapter, Multiple Criteria Decision Making for
Flood Risk Management, demonstrate an approach for designing flood risk man-

agement strategies based on diverse values of multiple stakeholders. They show

how criteria other than monetary can be effectively included in a multi-stakeholder

decision processes.

The authors observe that, to date, most models assessing flood impacts and

coping strategies focus on economic impacts and neglect environmental and social

considerations. Their framework for flood damage assessment and risk manage-

ment includes flood simulation models and a decision tool. It incorporates

the preferences of stakeholders, including government, insurers, property owners/

inhabitants, NGOs, donor agencies, and lending institutions. It also includes envi-

ronmental criteria (such as pollution of drinking water and destruction of forests)

and social and cultural criteria (such as stress on families, increase in water borne

diseases and damage to cultural heritage). “Soft” evaluations are performed in order

to demonstrate the usability of the framework. The Bac Hung Hai polder in northern

Vietnam serves as a case study. Results show that a multi-criteria and multi-

stakeholder perspective, combined with catastrophe modeling, can provide insights

on risk management policies that have a good chance of support from those who

are affected.

The final chapter in this section, Dams and Catastrophe Risk: Discounting in
Long Term Planning by Ermolieva et al. discusses the observation that risks of

rare events are often underestimated, which can result in the over expansion of

developments and activities in high-risk areas. The chapter summarizes the main

pitfalls of traditional evaluation approaches. Specific attention is given to the role

of discounting to address long-term planning perspectives on the construction and

maintenance of dams (and other risky infrastructure). Traditional discounting

rates based on a lifespan of current financial markets set evaluation horizons for

20–30 years, which are much shorter than the expected horizons of potential

catastrophes. Moreover, ethical criteria with respect to future generations suggest

the adoption of low discount rates (Ramsey 1928). With this in mind, this chapter

develops methodologies that can help planners and communities understand

the risks and benefits of costly construction and maintenance policies. Finally,

the chapter illustrates how the misperception of proper discounting in the pres-

ence of potential catastrophic events may overlook the need for maintenance and

undermine regional safety.
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Chapter 2

Modeling Risk and Uncertainty: Managing Flash

Flood Risk in Vienna
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Abstract In this chapter, different concepts of risk and uncertainty are applied to the

analysis and management of the risk of flooding along the Vienna River in Vienna,

Austria. The methodology illustrates how, by the use of catastrophe models, it is

possible to extend traditional engineering-based approaches to flood risk manage-

ment to integrate loss spreading techniques (such as the purchase of flood insurance

or the maintenance of a catastrophe fund) with traditional loss-reduction techniques

(such as the construction of levees, floodwalls, or detention basins) and to give a full

account of uncertainty. The results show that the greatest risk from flash flooding is to

the Vienna city subway system, and suggest that combining available measures in

an overall mitigation strategy results in decreasing total costs and reducing the

likelihood and uncertainties of catastrophic financial loss.
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2.1 Introduction

This chapter describes an interdisciplinary approach to flood risk analysis that

combines hydrological flood risk assessment and simulation modeling with the

finances of flood risk management. The methodology was developed and tested by

investigating flood risks in the city of Vienna. The purpose was to analyze different

policy paths (including both engineering flood prevention measures and risk shar-

ing financial provisions) in the presence of major uncertainties.

While developing an interdisciplinary approach for examining catastrophic

flood risks, we found that the concept of risk varied subtly but significantly across

the disciplines contributing to the study. Although such variations appear subtle, the

way in which the term “risk” is conceptualized (e.g., as probability, as consequence,

as expected value, etc.) can significantly affect the way in which a disciplinary

analysis is structured. More importantly, it can significantly affect the recommended

courses of action, particularly when a decision maker has to choose from among very

different options developed on the basis of analyses prepared within different disci-

plinary frameworks. This can happen, for example, when a decision maker is

deciding whether to implement a structural approach (e.g., raise the height of river

levees) or a financial approach (e.g., transfer the risks through insurance). An

important result of this study is the integration of disciplinary concepts of risk within

a single interdisciplinary analysis. We also show that the way in which uncertainty is

defined and represented is not consistent across different disciplines.

The selection of the flood case study was determined by the quality of data

available for an integrated approach. The flood risk scenario for the Vienna River

constituted a credible, significant and tractable problem for analysis. The wealth of

data available also made this scenario a useful test case for developing and

illustrating the interdisciplinary approach, which is a significant result of the project

activity. The focus of the analysis is, therefore, on the flash-flooding scenario and

the assessment of flood impacts in an urban area with a complex infrastructure.

In addition, the analysis demonstrates that the largest damages from flash floods are

expected for the city subway system. Therefore we present a detailed assessment of

subway flood risk, on which there has been scarce research to date, and suggest

management measures. This assessment is based on a large number of data and

models that cannot be included within the scope of this chapter; they can be found

in the full report by Compton et al. (2009).

The results show that an approach based on Monte Carlo simulation and catastro-

phe modeling provides a useful framework for comparing the characteristics of

different mitigation strategies. They also show that the different components of an

overall strategy complement each other to lower total costs and to reduce the

likelihood of catastrophic financial losses and their uncertainties.

2.2 Concepts of Risk

In his risk taxonomy, Renn (1992) subdivides the risk technical perspective into a

statistical or actuarial approach (typically used in the insurance community), a

modeling approach (typically used in the health and environmental protection
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community), and probabilistic models (typically used in safety engineering). One

goal of this study is to integrate these distinct approaches.

According to Covello and Merkhofer (1994, p. 20), “risk is, at a minimum, a

two-dimensional concept involving: (1) the possibility of an adverse outcome; and

(2) uncertainty over the occurrence, timing, or magnitude of that adverse outcome.”

This definition offers fruitful opportunities for integrating the differing technical

perspectives. Although it is largely consistent with the concept of risk used in the

financial community, there are differences. Financial experts, going back to the

definition provided by Frank Knight (1921), use the term “risk” to refer to a

measurable (typically statistical) volatility and speak of “upside” and “downside”

risks to refer to the possibility that an outcome may be either better or worse than

the expected outcome. The differences are subtle but significant. The financial

definition is narrower in that Knight’s concept of risk explicitly excludes epistemic

uncertainty (see item 3) and includes only variability (often called aleatory uncer-

tainty). However, this concept is also broader in the sense that the possibility of

unexpected positive outcomes is also included. The distinction is relevant to the

extent that a policy oriented toward “loss prevention” or “loss reduction” can

sometimes blind one to the possibilities that may exist for maximizing welfare.

The common theme is that both concepts of risk arising within the technical

perspective include, either implicitly or explicitly, probability and consequences

of occurrence as the two major risk components. Our goal is to implement a concept

of risk that not only includes the probability/consequence distinction and the

(implicit) full conception of uncertainty advocated by Covello and Merkhofer,

but also broadens consequences to include both upside and downside risks.

We emphasize that the psychological dimensions, such as the aversion that

individuals might have for certain types of risk, or the sociological aspects, such

as the equitable distribution of risks, are not typically considered in technical risk

analyses. Experience has also demonstrated the many dimensions of risks that are

not included in estimates of probability and consequence, such as whether the risk is

voluntary or controllable. It has also demonstrated the variability of the results

obtained by diverse analysts (Amendola 2001). For all these reasons, technical

analyses are only one input into larger policy processes.

Technical disciplines concerned with standard setting have often emphasized

one of the two component concepts of risk at the expense of the other. Some

disciplines have focused most of their attention on probability of occurrence as a

measure of risk. A scenario to be avoided is identified (e.g., destructive flooding,

release of radioactivity from a nuclear reactor, etc.) and the “risk” is the probability

of occurrence of the adverse event. Typical examples of this paradigm include

traditional approaches to flood and earthquake protection. In traditional flood

protection, for example, a typical goal is to reduce the probability of flooding to

below a certain design value, such as a 100-year flood (i.e., the probability of

flooding in any year should be less than 1%). Other disciplines have focused on the

magnitude of the adverse consequences as a measure of risk, most frequently by

attempting to keep consequences below a certain level determined to be “accept-

able” or “safe,” regardless of the likelihood of the effect. This approach is embod-

ied, for example, in regulations banning substances found to be carcinogenic.

Setting exposure levels to hazardous chemicals in the workplace or environment
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such that no adverse effects are expected, but without explicit regard as to the

likelihood of that exposure, is an example of this paradigm. This reasoning,

especially when the consequences may be very serious or catastrophic and the

probabilities are difficult to assess, is the logic underlying the European Union’s

precautionary principle (EC 2000).

Within the actuarial community, on the other hand, both probabilities and

consequences are considered explicitly. However, they are typically telescoped

together by the use of “expected value” as a measure of risk.

2.3 Aleatory Uncertainty, Epistemic Uncertainty,

and Risk Curves

Uncertainty in the likelihood of an adverse event and/or in the extent of its

consequences arises from a number of sources. Its components can be grouped

into two fundamental types: aleatory and epistemic. Aleatory uncertainty, some-

times called irreducible uncertainty, arises from the natural variability of the system

under study. Some systems are fundamentally stochastic in nature and their future

state cannot be predicted deterministically. There are many examples of this in

nature, for our study, the natural variability is the time expected until a storm of a

certain magnitude occurs. Rainfall patterns are not identical from year to year. This

type of uncertainty is termed “irreducible” uncertainty because it is a property of the

phenomenon itself. However, although the maximum rainfall cannot be predicted

with precision, it has been found that these values follow regular statistical

distributions. The likelihood that the worst storm in a year will exceed a certain

level may, to a first approximation, be estimated simply by collecting information

every year on the worst storm (e.g., the amount of rain falling within a 6 h period)

and developing an empirical distribution.

This example also illustrates the second source of uncertainty, namely, episte-

mic uncertainty. Epistemic uncertainty refers to a lack of knowledge about the

system and can be introduced by errors or by limitations on the ability to collect

samples. In many locations, reliable historical records may only cover a period

of several decades. Even if it were, measuring peak rainfall or river flow during a

storm is subject to error. There is also no guarantee that climatic conditions

generating the rainfall or land use patterns that affect the rate at which water

drains into the river have not changed over the period of measurement; in fact, it is

quite likely that such conditions have changed. Finally, the choice of a model to

describe the variability distribution is not a clear-cut process. Fitting observed

data to an incorrect model can lead to errors in prediction. These and other sources

of error lead to epistemic uncertainty. Such uncertainty may not be severe when

trying to estimate the expected annual maximum or the maximum to be expected

once every 5–10 years. However, the uncertainty involved in estimating the

16 K.L. Compton et al.



magnitude of storms that recur over the period of centuries or of millennia are

dramatically larger than estimating the magnitude of storms that recur over the

period of years or decades.

Once effective measures are taken to protect against the more frequent floods,

it is precisely these rare and uncertain floods that may now pose the majority of

the risk to the affected populations. The decision maker is therefore in a quandary

with pitfalls on either side. If the likelihood of a particular severe flood is quite

high and no mitigation efforts are undertaken, massive damages might result.

On the other hand, if the likelihood has been overestimated and expensive

mitigation measure are undertaken, then the resources used to implement

the mitigation may have been lost if the event fails to occur. In the worst

of all possible worlds, expensive mitigation measures could be implemented

but fail when called upon to withstand the flood. In this case, losses are incurred

both before the disaster (mitigation costs) and as a result of the disaster

(in terms of damage to assets). In addition to the costs and benefits of different

mitigation measures, the reliability of the mitigation measures is therefore

a critical input to decision making. When significant uncertainties are present

about the timing or magnitude of the potential loss, it is not possible to simply

compare costs and benefits of different options. It is the specific goal of

the analysis to illustrate how to structure these uncertainties in such a way that

the decision maker can see the results of a decision and to what extent the losses

and connected uncertainties change under different decisions.

These concepts of risk and uncertainty have been applied to a concrete case,

namely, the risk of flooding along the Vienna River in Vienna, Austria. It illustrates

how, by use of catastrophe models, it is possible to extend traditional engineering-

based approaches to flood risk management to integrate loss spreading techniques

(such as the purchase of flood insurance or the maintenance of a catastrophe fund)

with traditional loss-reduction techniques (such as the construction of levees,

floodwalls, or detention basins) and to give full account of uncertainty.

The approach chosen uses a “risk curve” or CCDF (Complementary Cumulative

Distribution Function) to characterize the risk. A single CCDF plots the magnitude

of an event on the horizontal axis vs. the probability of exceeding that magnitude on

the vertical axis. Typically, the plot is log-linear, with the exceedance probability

as the ordinate (vertical axis) on a logarithmic scale and the consequence plotted as

the abscissa (horizontal axis). The risk curve is useful in this regard because it

explicitly represents both the probability and the consequence. For example, whereas

a standard “safety margin” approach cannot distinguish between a system failure

resulting in low damages from one resulting in high damages, a risk curve can.

In contrast to an expected value approach, a risk curve can distinguish between

an event with a low probability of occurrence and a severe consequence vs. a more

frequent but less severe consequence. In our curves, we will represent the natural

variability or irreducible uncertainty on the ordinate. The epistemic uncertainty is

represented by error bands of any desired confidence level that surround that curve.
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2.4 Flash Floods in Vienna and Its Subway System

The Vienna River is one of the largest rivers flowing through the city of Vienna

with a catchment area of 230 km2. The river flows through some of the most densely

populated districts of the city. From a hydrological viewpoint, flood hazards from

the Vienna River are critical due to the large amount of impervious surfaces

covering wide parts of the catchment, low geological infiltration capacity, and little

natural retention. These lead to rapid rises in water level resulting in flash flooding

(see Fig. 2.1).

Flood protection tends to rely on the identification of a design flood or design

rainfall with a specified annual exceedance probability. Applications of design rainfall

data in flood protection and urban hydrology often employ rain yield or rain depth

relations. Intensity-Depth-Frequency (IDF) curves are developed for specified regions

from fitting mostly exponential functions to recorded rainfall aggregates of partial

series. The report (Compton et al. 2009) discusses available data bases and shows how

design values are changing in time; background information andmodels are discussed

in Konecny and Nachtnebel (1985), Nachtnebel (2000), and Faber and Nachtnebel

(2003). It is unclear to what relative extent climate change, measurement errors, data

processing and extrapolation uncertainties have contributed to this increase. For this

study, the considerable uncertainty concerning the design rainfall depth is expressed

by defining the design stormdepth as a random variable following an extreme value

distribution and by explicitly considering a normal distributed standard error about the

parameters of that distribution.

For the recent upgrades of the Vienna River flood protection system, which

started in 1997, catchment models were developed that account for rainfall-runoff,

routing and storage processes. These models provide flood hydrographs entering

the urban river reach.

Several elements at risk are located in the urban river vicinity. The most

endangered one is the subway line U4 at the right embankment, which is

Fig. 2.1 Vienna River at Km 8 during normal flow conditions (left) and during the 1975 flood

(right) (Source: BMLFUW (2002))
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constructed in an open section at the right river bank, and the main roads on both

sides (see Fig. 2.2). For 7.5 km, it is situated mostly in open sections beside the river

before it enters the underground track. A partition wall protects the subway line

from floods. Portable flood barriers can be installed in two locations in order to

prevent the overflowing water amounts from being conveyed to underground sections

of the line that include major subway junctions. These emergency measures were

installed recently and require a 6-h lead time for installation. At the left embankment

main roads are located, together with densely populated areas. Various service pipes

are placed under the road embankments.

Several failure mechanisms that could lead to severe damage to the subway have

been analyzed. The term overtopping is used for a situation where the mean water

level is higher than the wall crest. This contrasts with “wave overtopping”, which

refers to the temporal and spatial oscillations of the water surface over the flood wall.

Although no past inundation or other flood damage to the subway or the embankment

has been reported, it is generally agreed that flood risk has increased during the last

decades due to development of residential areas and other land use changes in the

catchment. In case of intensive overflowing and the absence or malfunction of the

transverse portable flood barriers, the U4 subway line acts as flood bypass conveying

water downstream to the tunnels and nearly all connected lines are inundated.

Another failure mechanism is seen in the collapse of the subway partition wall

and/or embankment walls, either initiated by local scouring or a high water pressure

exceeding the resistance of the separation wall.

At the time of the study (March 2003), the situation of the flood protection

system in the Vienna River basin was characterized by a sequence of partly

upgraded detention reservoirs, local protection measures, such as water proofing

of some objects along the river bed and fortification of the separation wall. The

hydrologic investigations in this study distinguish among several construction and

operational states of the retention basin system:

1. Hypothetical natural state without any artificial retention capacity;

2. Reservoir state before beginning of the upgrading works in 1997;

3. Recent (2002) state;

4. Reservoir state after completed upgrading.

Fig. 2.2 The threat of Vienna River to the subway system
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2.5 Stochastic Optimization (STO) Model

Catastrophe models have been developed at IIASA since 1997 with reference to

catastrophe insurance issues (Ermolieva et al. 1997, Emoliev et al. 2000; Amendola

et al. 2000a, b, 2005, see also Chaps. 3, 7, 15 by Ermolieva et al. in this book).

Catastrophe models offer a natural setting for analyzing a series of loss preventive

measures in addition to loss spreading measures under consideration of uncertainty.

A common element in most catastrophe models is the use of decomposition, a staple

element in systems-analytic thinking (Bier et al. 1999). Decomposition is

implemented by the creation of modules or submodels Indeed, they include a

“hazard” sub-model driving the risk, a “loss” estimation sub-model and a “man-

agement” sub-model examining the impact of different decisions (Walker 1997;

Clark 2002). They produce outputs that are distributional, since they make use of

simulations in each of which the parameters of the submodels can be changed by

Monte Carlo techniques within their uncertainty distributions.

For this study the hazard module was developed after a hydrologic and hydraulic

analysis to come up with an estimate of the frequency of failure of the investigated

protection system and to give an approximation of the severity of a failure event.

Uncertainties in the input data are processed by Monte-Carlo methods.

For modeling the watershed hydrology, the rainfall depth that was sampled for a

defined return period is transferred into a peak discharge by stepwise deterministic

relations for different constructional and operational detention reservoir states.

These transfer functions were derived from rainfall-runoff models for the rural

and the urban river reach. Several basic random variables were introduced in the

Monte-Carlo simulations in order to incorporate uncertainties in the channel rough-

ness, the river cross-section station and elevation and the energy loss due to bridge

constrictions. From the output of each hydraulic model-run, the occurrence of

several possible flood-induced failure modes was evaluated. These failure types

comprise overflowing, structural damages like tipping of a flood wall, scouring of

the river bed and collapsing of river bank structures.

For the failure assessment, a Monte Carlo approach is applied by varying

randomly basic hydraulic parameters, such as data about cross section geometry,

roughness coefficients and the erodibility of the river bed, within a predefined

range. As a consequence, all the basic hydraulic variables can be characterzied by

their expectation values as well as by their range. The water pressure on the flood

wall, the critical river bed material’s shear stress and the scour depth, the partly

blocked flow profile due to collapsed bank structures and backfill material can be

considered as random variables. The storm depth is modeled by a Gumbel distribu-

tion. Finally, storm depths are transferred into discharge rates via rainfall-runoff

models. Models, data and uncertainties are discussed extensively in the quoted full

report by Compton et al. (2009).

The hydrologic/hydraulic simulations for the conditional probability of failure

are indicated in Fig. 2.3, which cover scenarios of 12 return periods for the

current and the projected state of the flood control reservoirs. The total probability
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concept (e.g., in Ang and Tang 1975; Plate 1993) is used for the integration of all

conditional probabilities weighted by their occurrence probability and gives an

estimate of the probability that the system fails in 1 year. By using the fitted

lognormal distribution in Fig. 2.3, the probability of failure in a year is calculated

to diminish from a value of 4.9 10�3 without a retention basin to 2.5 10�3 for the

projected basin state. The data however are very sensitive to the curve fitting

procedures and such uncertainty needs to be taken into account in the simulations.

The basic approach to estimating the flood damage during flooding of the

subway is to presume that there is a proportionality relationship between the length

of track flooded and the resulting direct damages (Neukirchen 1994), with

modifying factors taking into account the magnitude of the rate of overflowing

water (Q). Parameters have been estimated after analysis of subway flooding

incidents that have occurred in other countries, for which data have been

summarized in Table 2.1 and by decomposing the subway system into major

systems (e.g., track, communication systems, power systems, etc.) and evaluating

the percent damage to the different systems as a result of inundation.

The parameters a and l have been estimated for DD, that express proportionality

to the damaged length (L) and dependence on overflowing (Q) respectively:

DD ¼ a 1� e�lQoverflowing
� �

L

Fig. 2.3 Probability of

failure (PF) for the current

(above) and the projected

state of the flood control

reservoirs, conditional to a

flood of return period Tr.

Crosses denote simulated

data points; curves are fitted
to obtain continuous

distributions to be used in the

simulation
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The connected uncertainty is quite large as based on a limited data set, which in

addition has been derived from manifold and not always equally reliable sources,

such as insurance companies, national agencies and press releases. The interested

reader can find in Compton et al. (2009) a detailed analysis and a rather extensive

reference set.

2.6 Risk Management Measures and Integrated Modeling

The basic approach to developing the risk curve can be subdivided into five steps:

Step 1: The planning period of interest (PPI) corresponding to the time frame of

concern of the decision maker is identified;

Step 2: A set of rainfall-probability pairs is generated by assuming that chosen

severe storms of arbitrary magnitude occur within the PPI and evaluating their

likelihood as based upon the assumed Gumbel distribution;

Step 3: By using the chosen rainfall-runoff relationship, the storm rainfall is

transformed in the water discharge into the Vienna river. It is then possible to

determine the conditional likelihood and magnitude of system failure for differ-

ent levels of runoff and the corresponding amounts of water entering the subway

system. In this way a set of rainfall-probability pairs is transformed to a set of

overflowing water-probability pairs;

Step 4: The direct tangible damages resulting from overflowing water is deter-

mined, so that the set of rainfall-probability pairs is transformed to a set of direct

damage-probability pairs. By plotting the sets of damage/probability pairs on the

risk curve described previously, a scatterplot is generated if parameter values are

sampled from distributions representing epistemic uncertainty in the preceding

calculations. To provide a clear representation of the relationships, rather than

scatterplots, curves are produced by taking subsets corresponding to specified

probability intervals and computing the mean or fractiles of the distributions.

This results in a conditional probability distribution representing the epistemic

uncertainty in damages given that an event falling within a specified probability

band (e.g., the 100 year flood) occurs;

Table 2.1 Reported damages in subway flooding incidents

Boston 1996 Seoul 1998 Taipei 2001 Prague 2002

Total system cost (€m) Not available 790a 15,000b Not available

Total construction cost per km (€m) Not available 18 ~180 Not available

Km/track flooded 2–3 11 9–12 15–20

Amount of water (thousand m3) 53 800 Not available >1,000

Reported flood damage ~10 40 60–140 66–240

Computed damage per km 1.3–4 ~3.6 0.9–12 4.44–16
aLine 7 only
bEntire system (86 km)
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Step 5: It is now possible to estimate the impact of non-structural mitigation

measures, such as insurance or reserve funds, on the total costs (pre- and post

disaster) incurred to manage the flood risk. This is done by estimating the extent

to which the losses can be compensated from a reserve fund or an insurance

policy, and if the losses cannot be fully covered, asking what loan is needed to

cover the costs. The premiums paid before the event are counted as costs, as are

the interest payments made on any loans taken out after the event.

These steps are described in detail by Compton et al. (2009). In the following a

brief discussion is devoted to the financial module.

Direct damages are the input to the financial module.1 Two ex-ante financing

measures, insurance and a reserve fund, are considered. One ex-post financing

measure, borrowing, is also considered.

An important parameter in examining the impact of different financial measures,

such as insurance or reserve funds, is the arrival time of the first event, as this will

determine to what extent a reserve fund has accumulated funds or for how long

premiums have been paid. The arrival time can be modeled as a uniform

distribution.

Insurance can be simulated as either proportional insurance or as excess of loss

insurance, or both. However, in the model it is currently possible to define only one

layer. The following parameters are used to characterize insurance: the attachment

point, or “deductible”, of the insurance (100% of all losses below the attachment

point are borne by the policyholder); and the proportion of losses within the insured

layer that is borne by the policyholder. Setting the latter to 1 causes insurance to be

inactive (i.e., if the policyholder bears 100% of the losses, then the insurer pays no

claims).

The claims are computed as a proportion of the total loss exceeding the attach-

ment point. However, in order to define the upper limit of the layer, the claim

payments are capped by an exit point, which is the maximum claim payment by the

insurer.

The accumulated insurance reserve is simply the accumulated premiums minus

the claim payment at the time of the catastrophe. Determination of the premium takes

into account a loading factor for low probability events. If collected premiums are

sufficient to cover the claims, the insurance reserve is positive and the premiums have

been “overpaid”. If the collected premiums are insufficient to cover the claims, then

the insurance reserve is negative and the claims are “underpaid”. The losses retained

by the policyholder are simply the damages minus the claims.

We presume that the reserve fund is invested in a relatively safe security, such as

bonds. The reserve fund comprises two components: a one-time initial investment

and a constant annual payment.

The difference between the contribution and the balance represents the benefit of

the reserve fund. It can be seen that the benefit is quite small for short time horizons

1 Computation of financial parameters follows Mechler et al. (2006), Hochrainer (2006), see also

Chap. 8 in this book. For a discussion of costs of reserve funds see Kielholz (2000).
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(<10 years, but increases significantly thereafter due to compounding). Because we

have chosen to integrate financial uncertainties with structural uncertainties, we

have modeled the yield of the reserve fund as a random variable.

Post-disaster borrowing is considered making use of an extremely simple model.

The cost of a loan is simply the difference between the amount borrowed and the

amount repaid. We take the period to be fixed at 30 years and assume an average

loan interest rate of 4% (real). We assume that the interest rate is an uncertain

random variable that can range between 2 and 6% real at a 2s (95.4%) confidence

level. These values are chosen somewhat arbitrarily but are intended to emphasize

the fact that borrowing is also a mitigation measure with substantial costs, and that

the decision not to mitigate may be an implicit decision to assume a loan at

whatever terms may be obtainable if a disaster occurs.

2.7 Summary of the Results

The richness of the achievable results is demonstrated by the cost distribution in

Figs. 2.4, 2.5, and 2.6. Figure 2.4 shows (in the ordinate) the probability of

exceeding the total cost given in the abscissa for the different structural measures

considered. The dotted lines are the upper bound (90% confidence level) and the

lower bound (10% confidence level) given the assumed epistemic uncertainties.

A “no-action” alternative was considered to establish a base case. It is assumed that

if damages occur, the losses will be covered by a loan. Alternative 1 is the

installation of a portable flood barrier at the openings to the covered sections of

the metro. Alternative 2 comprises upgrading of the basins to allow controlled

filling and release of floodwaters. This system, coupled with a real-time flood

forecasting system, is currently being installed to increase the level of protection

Fig. 2.4 Total costs for different structural alternatives
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Fig. 2.5 Total costs for different financial measures

Fig. 2.6 Total costs for fully integrated financial and structural measures



against extremely rare floods. The combined scenario represents the combination of

portable flood barriers and detention basin upgrades.

Figure 2.5 shows the cost mitigation effects of different financial measures,

including the existence of a reserve fund, two different insurance schemes and

combination of insurance and the reserve fund.

Finally, Fig. 2.6 shows the total cost reduction obtained by fully combining

structural and financial measures.

2.8 Some Conclusions

Our primary conclusion is that the implementation of a concept of risk that

integrates the different technical perspectives on risk into a unified framework is

feasible and yields valuable insights into the nature of the protection provided by

different mitigation alternatives. This implementation of an integrated concept of

risk is achieved by identifying a clear assessment variable (total ex-ante and ex-post

costs of mitigating flood damage) and expressing the probability distribution of this

variable under different mitigation scenarios using a stochastic complementary

cumulative distribution function, or “risk curve”. This approach provides consider-

able additional relevant information to a decision maker. It also allows the decision

maker to structure the problem in such a way as to obtain a clearer indication of the

advantages and disadvantages of different mitigation options. This has been

demonstrated by examining a current problem faced by decision makers and

using, to the maximum extent possible, accurate and relevant data. We further

note that the results highlight the fact that the advantages and disadvantages of a

particular proposed mitigation option are complex and cannot always be reduced to

a single-valued metric, such as expected benefit or system reliability, as is typical of

an actuarial approach and a probabilistic approach, respectively.

A second finding of the study is that although structural (loss-preventing) and

financial (loss-spreading) mitigation measures may have significantly different

characteristics, they may still be examined in a consistent way if an appropriate

measure of risk can be identified. This is closely connected with the use of a broader

conception of risk that identifies the strengths and weaknesses of different mitiga-

tion measures. Understanding the comparative strengths and weaknesses of differ-

ent instruments can assist in the design of a system in which the advantages of some

measures are used to offset the disadvantages of other measures, thereby reducing

and controlling the risks.

As our example showed, the explicit treatment of epistemic and aleatory uncer-

tainty allowed the analysis to clarify the different characteristics of reserve funds

vs. insurance. In this case, the reserve fund served to reduce (or even offset) the cost

of ex-post borrowing, although it provided essentially no protection against very

large events and did not reduce the uncertainty in the loss curve. The effect of the

reserve fund was to shift the risk curve in a beneficial direction at all probability

levels. On the other hand, insurance provided protection against the relatively larger
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and less likely losses and reduced the uncertainty associated with the large events.

The effect of the floodgate was similar to that of insurance in that losses from very

rare events were reduced; however, insurance was clearly more effective at reduc-

ing the uncertainty of large losses, at the expense of increasing costs. Both of these

were quite different from the type of protection provided by the detention basins,

which served to reduce the probability of losses but was subject to considerable

uncertainty about the losses when the capacity of the basins could be overwhelmed

by beyond design-basis storms. The synergistic effects of combined measures were

apparent, in that the use of structural measures assisted in mitigating the major

drawback of insurance (the high cost) by reducing expected losses while the

insurance policy managed the residual uncertainty associated with the structural

measures. Also, the effect of a reserve fund was enhanced when combined with loss

reduction techniques that extended the potential for accumulating adequate reserve

funds. In this case, we were able to demonstrate that using plausible values and

realistic options drawn from a real flood risk management problem, considerable

reduction in the total cost of mitigating flood damage may be achieved by combin-

ing structural measures with financial measures.

References

Amendola A (2001) Recent paradigms for risk informed decision-making. Saf Sci 40(1–4):17–30

Amendola A, Ermoliev Y, Ermolieva T (2000a) Earthquake risk management: a case study for an

Italian region. In: Proceedings of the second Euroconference on global change and catastrophe

risk management: earthquake risks in Europe. International Institute for Applied Systems

Analysis, Laxenburg, Austria, 6–9 July 2000

Amendola A, Ermoliev YM, Ermolieva TY, Gitis V, Koff G, Linnerooth-Bayer J (2000b) A

systems approach to modeling catastrophic risk and insurability. Nat Hazard 21:381–393

Amendola A, Ermolieva T, Ermoliev Y (2005) Catastrophe risk management – vulnerability and

equity. In: Gheorghe AV (ed) Integrated risk and vulnerability management assisted by

decision support systems – relevance and impacts on governance. Springer, Dordrecht, pp

383–401

Ang A, TangW (1975) Probability concepts in engineering planning and design. Wiley, New York

Bier VM, Yacov Y, Haimes JH, Lambert NC, Zimmerman M & R (1999) A survey of approaches

for assessing and managing the risk of extremes. Risk Anal 191:83–94
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Chapter 3

Modeling Catastrophe Risk for Designing

Insurance Systems

Tatiana Ermolieva and Yuri Ermoliev

Abstract In catastrophe management, risk spreading is one of the important

measures for increasing societal resilience to disasters. In this paper we discuss an

integrated catastrophe management model which explores alternative risk spreading

options.As a case studywe consider the seismic prone Tuscany region of Italy. Special

attention is given to the evaluation of a public loss-spreading program involving partial

compensation to victims by the central government and the spreading of risks through

a pool of insurers on the basis of location-specific exposures. GIS-based catastrophe

models and stochastic optimization methods are used to guide policy analysis with

respect to location-specific risk exposures. The use of economically sound risk

indicators lead to convex stochastic optimization problems strongly connected with

nonconvex insolvency constraint and Conditional Value-at-Risk (CVaR).

Keywords Flood and seismic risk • Catastrophe modeling • Catastrophic insurance

• Contingent credit • Stochastic optimization • Safety constraints • Risk measures

3.1 Introduction1

Losses from human made and natural catastrophes are rapidly increasing (Munich

2009, 2011a, b). The main reason for this is the clustering of people and capital in

hazard-prone areas as well as the creation of new hazard-prone areas (Dilley
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et al. 2005). The National Research Council (1999) raised the alarm that by 2050

more than a third of the world population will live in seismically and volcanically

active zones. Analysis of insurance companies shows that because of economic

growth in hazard-prone areas, damages due to natural catastrophes have grown at

an average annual rate of 5% (Froot 1997).

The possibility of more frequent catastrophes dominates discussions of current

global changes. In fact, one of the main points in the climate change debates

concerns possible increase of the frequency of extreme floods, droughts,hurricanes

and windstorms (Schiermeier 2006) rather than the increasing global mean tem-

perature which can be within the difference between the average temperature of

cities and their surrounding rural areas. Aggravation of catastrophes is associated

with increasing interdependencies among different countries. Dantzig (1979)

compared our society to a busy highway where disruptions in one of its sections

may lead to fundamental traffic jams in other.

The increasing vulnerability of the society calls for new integrated approaches

to economic developments and risk management with an explicit emphasis on

catastrophes. The standard economic theory is dominated by simplified models of

uncertainties and risks, represented by a finite manageable number of contingen-

cies well known to the whole society, which can, therefore, be priced and spread

over the whole society through markets. Under such assumptions, catastrophes

pose no special problems (Arrow 1996). Insurance risk theory has developed

independently of the fundamental economic ideas (see discussion in Arrow

1996; Giarini and Louberg 1978). The central problem of this theory is modeling

the probability distribution of total future claims (Grandell 1991), which is then

used to evaluate ruin probabilities, premiums, reinsurance arrangements, etc. This

theory essentially relies on the assumption of independent, frequent, low-

consequence (conventional) risks, such as car accidents, for which decisions on

premiums, estimates of claims and likelihood of insolvency (probability of ruin)

can be calculated by using rich historical data. The frequent conventional risks

also permit simple “more-risks-are-better” strategies with simple “trial-and-error”

or “learning-by-doing” procedures for adjusting insurance decisions.

Catastrophes produce losses that are highly mutually dependent in space and

time. Therefore, this challenges the standard risk pooling concepts and the

standard extremal value theory (Embrechts et al. 2000). The law of large numbers

does not apply in this case; the probability of ruin can be reduced not by pooling

risks but only if insurers deliberately select the fractions of catastrophic risks they

will cover.

The existing extremal value theory deals primarily with independent events and

assumes that these events are quantifiable by single numbers. Definitely catastrophes

are events not quantifiable in this sense. They may have quite different spatial and

temporal patterns, which cause significant dependencies and heterogeneity of losses

in space and time. Some of the important dependencies include: the clustering of

events in time in a particular region; the spatio-temporal dependencies among

climatic events in different regions (such as hurricanes, heavy precipitation, droughts,

Al Nino, La Nino, etc.); the dependencies caused by possible cascading events
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(earthquake ! dam failure ! flood ! technological accident ! contamination);

the correlation among insurance claims for different policies (such as life, estate,

car, employment, business interruption etc.), and at different locations.

While temporal dependencies and characteristics of catastrophes such as, e.g.,

Guethenberg-Richter law (Amendola et al. 2001; Ermoliev et al. 2000) put into

question the use of the traditional Poisson distribution for prediction of extreme

events occurrences, the spatial heterogeneities of catastrophes and induced losses

emphasize the importance of mitigation and adaptation strategies with proper

spatial diversification of the risks. In fact, location-specific losses can be dramati-

cally affected by mitigation decisions (say, by construction of a dike or a flood

retention area) and decisions regarding loss spreading schemes within a country or

on the international level through the insurance or financial markets.

Many authors stress the need for better models to improve established disaster

prevention and mitigation practices (see, for instance, Dilley et al. 2005) and to

set guidelines and regulations especially for developing countries. In particular,

so-called catastrophe modeling (Walker 1997) is becoming increasingly important

for estimating catastrophic losses and making decisions on mitigation measures

and/or allocation of coverage, premiums, contingent credits, reinsurance agreements

for the residual risks.

This paper shows that, in the presence of catastrophic risks, decisions can be

guided by stochastic optimization procedures integrated within catastrophe models.

This discussion closely follows the papers by Amendola et al. (2001), Ermoliev

et al. (2000) and Ermolieva et al. (2001).

The integrated catastrophe management model reported here can be generalized

to account for the interplay between ex ante measures, e.g., investment in preven-

tion/mitigation measures (on the part of the public authorities, the citizens and the

insurance industry) and ex-post policies for sharing the financial costs after the

disaster. Insurance and other financial instruments can be viewed as mitigating

catastrophic losses to a community by spreading these over a wider region and

therefore as decreasing individual financial exposure. Such instruments come into

play especially when the costs for further prevention/mitigation measures are

prohibitive. The model is therefore useful not only to the insurance industry but

also to national authorities in informing decisions on overall catastrophic risk

management.

Section 3.2 discusses challenges and difficulties of sound decision-theoretical

approaches to insurability of catastrophic risks. Section 3.3 describes a number of

case studies stressing the importance of adequate methodological analysis for

integrated catastrophe management. Sections 3.4 and 3.5 discuss the integrated

catastrophe management model developed at IIASA for a number of catastrophic

risks, e.g. floods, earthquakes, windstorms, epidemics, etc. It provides a general

framework to bridge decision-oriented economic theory with risk theory and

catastrophe modeling. Risk management decisions are evaluated from perspectives

of welfare growth in the region. We use economically sound risk measures such as

expected costs of overpayments and borrowing, which have strong connection with

the insolvency and stability constraints usually assumed in the insurance business
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and Conditional Value-at-Risk (CVaR) type of risk measures. Section 3.6 discusses

the results of a seismic case study for the Tuscany region of Italy. Section 3.7

outlines the computational procedure and Sect. 3.8 summarizes and concludes.

3.2 The Standard Insurance Risk Model

From a formal point of view, insurability of catastrophic risks is equivalent to

prevention of certain multidimensional jumping processes to reach vital thresholds

provoking insolvency. This is a common problem in risk management.

Consider a simple growth model under shocks, which is a stylized version of an

insurance business model (Daykin et al. 1994). The main variable of concern is the

risk reserve rt at time t: rt ¼ r0 þ pt � At, t � 0 , where pt, At are aggregated

premiums and claims, and r0 is the initial risk reserve. The process At ¼ PNðtÞ
k¼1 Sk ,

where NðtÞ , t � 0 is a counting process for a number of claims in interval 0; t½ �
(e.g., a Poisson process) with Nð0Þ ¼ 0, and fSkg11 is a sequence of independent

and identically distributed random variables (claims), in other words, replicates of

a random variable S. The inflow of premiums pt pushes rt up, whereas the random
outflow At pushes rt down.

The main problem of risk theory (Daykin et al. 1994; Grandell 1991) is the

evaluation of the ruin probabilityC ¼ P rt � 0 for some t; t > 0f g under different
assumptions on pt and At. There are several cases when C can be expressed by an

explicit function or at least in a form suited for numerical calculations. An impor-

tant case arises when the claim distribution is a mixture of exponential distributions

and claims occur according to a Poisson process. There are numerous

approximations for the probability distribution of At. Most of them provide satis-

factory results only as long as mean values are concerned and cannot be applied

to catastrophes where extreme values are of interest.

The typical actuarial analysis is based on the following. Let us assume that NðtÞ
and Sk are independent, NðtÞ has intensity a, i.e., E NðtÞf g ¼ at and pt ¼ pt, p > 0;

then the expected profit over the interval 0; t½ � is p� aESð Þt; that is, the expected

profit increases in time for p� aES > 0. The difference l ¼ p� aES is the “safety
loading”. The law of large numbers implies that pt � Atc=t ! p� aES½ �b with

probability 1. Therefore, in the case of positive safety loading p > aES we have to
expect that the real random profit pt � At would also be positive for large enough

t under the appropriate choice of premium p ¼ ð1þ rÞaES, where r is the “relative
safety” loading, r ¼ p� aESð Þ=aES. But this holds only if the ruin does not occur

before time t. This is a basic actuarial principle: premiums are calculated by relying

on the mean value of aggregated claims increased by the (relative) safety loading.

Thus, practical actuarial approaches ignore complex interdependencies among

timing of claims, their sizes, and the possibility of ruin, rt � 0. The random jumping

process rt is often simply replaced by a (linear in t) function rt ¼ r0 þ p� aESð Þt.
In the case of positive expected profit, p� aES > 0, the expected risk reserve rt
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increases linearly in t, as shown in Fig. 3.1. This is a basic actuarial principle:

premiums are calculated from the mean value of aggregate claims At increased by a

safety loading l > 0, p ¼ ð1þ lÞaES. As we can see from Fig. 3.1, although rt

increases, insolvency may occur. It depends on the existence of large claims.

To avoid insolvencies, l must be chosen properly. The estimation of ES becomes

an extremely complicated task in the case of rare catastrophic events with relatively

small historical data. The law of large numbers does not operate, since catastrophes

produce highly dependent losses and claims. “Learning-by-doing” or “what-if”

scenario analysis approaches may be very expensive, dangerous and even simply

impossible. Instead, the role of catastrophe modeling and stochastic optimization

techniques becomes essential for making decisions on risk sharing and mitigation

measures. Catastrophic losses and claims at different geographical locations and

their dependencies on policy variables can be simulated with a help of catastrophe

models. Stochastic optimization makes it possible to adjust decision variables

towards desired policy options in response to simulated catastrophic events and

available historical data.

In general, various decision variables affect the probability of insolvency C.

Claim size S depends on the coverage of the insurer in different locations. Important

decision variables are r0, p, and reinsurance arrangements, for example, the “excess

of loss” reinsurance contract. If the latter is established, the insurer retains only a

portion,SðxÞ ¼ min S; xf g, x � 0, of a claim S and the remaining portion is passed to

the reinsurer. The reinsurance contracts with deductibles are defined by two

variables x ¼ ðx1; x2Þ. In this case SðxÞ ¼ max x1;min S; x2½ �f g � x1, x1 � 0, x2 � 0

is retained by the insurer. The reduction ofC to acceptable levels can be viewed as a

chance constraint problem (Ermoliev andWets 1988). The complexity is associated

with the jumping process At and with analytically intractable dependencies of At on

decision variables, which restricts the straightforward use of conventional stochastic

optimization (STO) methods. The direct sample mean estimation of CðxÞ requires
a very large number of observations and it leads to discontinuous functions.

Fig. 3.1 Stochastic trajectory of the risk reserve
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To overcome these difficulties, the following simple idea can be used for rather

general problems.

Consider t ¼ 0; 1; . . . and assume that rt can be subdivided into a “normal” part

(including r0), M
t , associated with ordinary claims, and a “catastrophic” part Bt ,

pt ¼ pt, where p is the rate of premiums related to catastrophes; the probability of a

catastrophic event p is characterized by a probability distribution in an interval

p; p
h i

, and the probability distribution VtðzÞ ¼ P Mt< z½ � can be evaluated. Assume

also that ruin may only occur due to a catastrophe. Then the probability of ruin after

the first catastrophe and with the “excess of loss” contract is defined as a function

CðxÞ ¼ E
X1

t¼1

pð1� pÞt�1Vt min x;Btf g � ptð Þ: (3.1)

The search for a desirable x can be based on methods outlined in Sect. 3.7.

3.3 Overview of Case Studies

The model (3.1) has a rather simplified illustrative character. In reality, damages

and claims depend on geographical patterns of catastrophes, clustering of property

values in the region, available mitigation measures and regulations, and the spread

of insurance coverage among different locations. For all these reasons, the model

should be geographically explicit (Ermoliev et al. 2000) for the description of

property values and insurance contracts in different parts of the region, as well as

for modeling of catastrophes.

Catastrophic modeling (see Walker 1997) is important to insurance companies

for making decisions on the allocation and values of contracts, premiums, reinsur-

ance arrangements and mitigation measures. Using these models it is possible to

simulate different patterns of catastrophes as they may happen in reality and

analyze their impacts. Different catastrophic scenarios lead, in general, to different

“optimal” decision strategies. The important question is how we can find a decision

strategy, which is the “best” against all possible scenarios of catastrophes. Ermoliev

et al. (2000) show that the search for such decisions can be done by incorporating

stochastic optimization techniques into catastrophe modeling. Indeed by this

approach, it is possible to take into account complex interdependencies between

damages at different locations, available decisions and resulting losses and claims.

To better understand the main features of the model described in the next section,

let us sketch out some case studies where the model has been applied (Amendola

et al. 2000a, b; Ermolieva et al. 2001).

The main concern of these case studies is related to issues emphasized by Froot

(1997): “most of the catastrophic losses are paid ex-post by some combination of

insurers and reinsurers (and their investors), insured, state and federal agencies and
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taxpayers, with only some of these payments being explicitly arranged ex-ante”.

This introduces considerable uncertainty about burden sharing into the system, with

no particular presumption that the outcome will be fair. The result is incentives for

players to shift burdens towards others, from the homeowner who builds on

exposed coastline, to insurers who write risks that appear highly profitable in the

absence of a large event. In Hungary, given its problems of a poor and immobile

population, ex-ante mechanisms to fund the costs of recovery and, in particular, the

establishment of a multipillar flood loss-sharing program, are especially important.

In the analysis of the Upper Tisza river pilot region (Ermolieva et al. 2001) it is

assumed, in particular, that for the first pillar the government would provide

compensation of a limited amount to all households that suffer losses from flooding.

As the second pillar, a special regional fund would be established through a

mandatory public flood insurance on the basis of location-specific risk exposures.

It is assumed that the governmental financial aid is regulated through this fund. As a

third pillar, a contingent credit may also be available to provide an additional

injection of capital to stabilize the system. In the latter case, the lender charges a

fee that the borrower (in our case, the fund) pays as long as the trigger event does

not occur. If the event does occur, the borrower may rapidly receive a bond or a

contingent credit (see e.g. Ermolieva et al. 2001). Such a program would increase

the responsibility of individuals and local governments for flood risks and losses.

Local governments may be more effective in the evaluation and enforcement of

loss-reduction and loss-spreading measures, but this is possible only through

location-specific analysis of potential losses, the mutual interdependencies of

these losses, and the sensitivities of the losses to new risk management strategies.

The analysis of possible gains and losses from different arrangements of the

program outlined above is a multi-disciplinary task, which has to take into account

the frequency and intensity of hazards, the stock of capital at risk, its structural

characteristics, and different measures (in particular, engineering, financial) of

vulnerability. For this purpose Ermolieva et al. (2001) discusses a GIS-based

catastrophe model developed for the Upper Tisza pilot region that, in the absence

of historical data, simulates samples of mutually dependent potential losses at

different locations. The model emphasizes the cooperation of various agents in

dealing with catastrophes. The solution to catastrophic risk management, especially

for small economies with limited risk absorption capacity, cannot be accomplished

(see Pollner 2000; Amendola et al. 2000a, b; Cummins and Doherty 1996) without

pooling of risk exposures. The proposed model involves pooling risks through

mandatory flood insurance based on location-specific exposures, partial compensa-

tion to the flood victims by the central government, and a contingent credit to the

pool. Definitely, this program encourages accumulation of own regional capital to

better “buffer” international reinsurance market volatility. In order to stabilize the

program such economically sound risk indicators as expected overpayments by

“individuals” and an expected shortfall of the mandatory insurance are used. The

analysis is oriented towards the most destructive scenarios. It was shown (see

Ermoliev et al. 2000, 2001) that the explicit introduction of ex-post borrowing

(see also Sect. 3.5) is a valid measure against insolvency.
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For the seismic prone Irkutsk region in Russia (Amendola et al. 2000a, b) the

focus of the analysis was on the feasibility of an insurance pool to cover cata-

strophic losses subject to strong standard insolvency regulations. In contrast to the

case study in Hungary, the contribution of different insurers to the stability of the

pool was explicitly analyzed by taking into account the transaction costs and effects

of mutual dependencies among claims from different locations.

In Russia (Amendola et al. 2000a, b), new legislative instruments and govern-

ment resolutions are creating a framework for risk management similar to that

existing in the OECD countries. However, in Russia and other transition countries

the emergence of a viable insurance industry is slow and subject to insolvency risks

due to problems of the national economies, the lack of consolidated experience and

practicable guidance, and the lack of sufficient risk reserves of the existing

companies. For example, when in seismic regions insurance is available, premiums

are neither based on the probability of occurrence of earthquakes nor do they

differentiate among geological situations and construction type. The model pro-

posed in Amendola et al. (2000a, b, 2001) is a pilot exercise, which, however, can

create the basis for cooperation among researches, insurers, and regulatory bodies

in transition countries. In the case of Russian emerging insurance industry, cooper-

ation among insurers will undoubtedly play an important role in stabilizing the

insurance market. A key problem, however, is the lack of necessary information on

the distribution of losses among locations. For this purpose a region-specific

earthquake generator (see Baranov et al. 2002; Rozzenberg et al. 2001) was

designed and incorporated within the STO model (Amendola et al. 2000a, b).

In most cases neither the market nor the government alone may be acceptable as

the mechanism for catastrophic risk management. Thus, some form of a public-

private partnership may be appropriate (Kunreuther and Roth 1998).

A well-known example of a government acting as a primary insurer is the U.S.

National Flood Insurance Program (NFIP), which seeks to provide insurance at

actuarially fair premiums combined with incentives for communities and

homeowners to take appropriate loss-reducing measures. Given the size of the

U.S. and the large number of persons living in flood plains, the program is

sufficiently diversified to cover most regional losses with premium payments. In

contrast to the NFIP, some government insurance schemes in Europe, e.g., the

French national insurance program, cross-subsidies claims. This is because the

Constitution (1946, 1958) established the principle of “the solidarity and equality

of all French citizens facing the expenses incurred through national calamities”

(Gilber and Gouy 1998).

However, even if many governments are pursuing policies to reduce their role in

compensating victims, a study (Linnerooth-Bayer and Amendola 2000) confirms

that the victims and their governments bear the major losses from natural disasters

and, world-wide, there is only moderate risk-transfer with insurance. An important

consideration for national insurance strategies is linking private insurance with

mitigation measures to reduce losses. Insurers, however, are reluctant to enter

markets that expose them to a risk of bankruptcy. In the U.S., for example, many

insurers pulled out of catastrophic risk markets in response to their large losses from

natural catastrophes in the last decade (Insurance Service Office 1994).

36 T. Ermolieva and Y. Ermoliev



To reduce their risk of insolvency, insurers’ strategies may be based on

modelling tools that account for the complexity implied by the manifold

dependencies in the stochastic process of catastrophic events, decisions and losses.

For example, to study the problem in its complexity for the Tuscany region, a

spatial-dynamic, stochastic optimisation model was developed in Ermolieva et al.

(1997), Ermoliev et al. (2000, 2001), which is described below.

In Italy, a law for integrating insurance in the overall risk management process

was proposed only in late 1997 (within the Design of Law 2793: “Measures for the

stabilisation of the public finance”). This opened a debate, which has not yet been

concluded by a legislative act. Therefore policy options for a national insurance

strategy are still open to investigation. The Institute for Research on Seismic Risk of

the Italian National Research Council made data from a previous study available

(Petrini 1995). These have been incorporated in a Monte Carlo catastrophe model,

which simulates occurrence of earthquakes affecting the region, calculates attenua-

tion according to the geological characteristics, and finally determines the acceler-

ation at the ground in each municipality. The model explicitly incorporates the

vulnerability of the built environment, with data on number and types of buildings

in each municipality of the region.

3.4 Stochastic Optimization (STO) Model

Catastrophes may lead to large costs, social disruption and economic stagnation.

A catastrophe would ruin many agents if their risk exposures are not properly

managed. To design safe catastrophic risk management strategies it is necessary

to define at least the following: patterns of possible disasters in space and time, a

map of regional values and their vulnerability, and feasible decisions, e.g., insur-

ance coverages. The model of this section uses this information. It emphasizes the

collective nature of catastrophe risk management. The aim of this model is to

address only main features of the problem. Basically, we assume that the goal of

the insurance is to maximize its wealth through gathering of capital reserve while

maintaining survival and stability (see also the discussion in Stone 1973). In a

similar manner, other agents are concerned with their sustained wealth growth. The

model emphasizes catastrophe risk management as a long-term business rather than

as subject of annual accounting and taxation. Accordingly, catastrophe reserves

should be accumulated over years.

Assume that the study region is divided into sub regions or cells j ¼ 1;m. A cell

may correspond to a collection of households, a zone with similar seismic activity, a

watershed, a grid with a segment of a gas pipeline, etc. The choice of cells provides

a desirable representation of losses. For each cell j there exists an estimate of its

“wealth” at time t that may include the value of infrastructure, houses, factories, etc.

A sequence of random catastrophic events o ¼ ot; t ¼ 0; T � 1
� �

affects

different cells j ¼ 1;m and generates at each t ¼ 0; T � 1 mutually dependent

losses LtjðoÞ, i.e., damages of the wealth at j, T is a time horizon. These losses can
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be modified by various decision variables. Some of the decisions reduce losses, say,

a dike in the case of flood risks, whereas others spread them on a regional, national,

and international level, e.g., insurance contracts, catastrophe securities, credits, and

financial aid. If x is the vector of the decision variables, then the losses LtjðoÞ are
transformed into Ltjðx;oÞ. For example, we can think of Ltjðx;oÞ as LtjðoÞ being

affected by the decisions of the insurance to cover losses from a layer xj1; xj2
� �

at a

cell j in the case of a disaster at time t:

Ltjðx;oÞ ¼ LtjðoÞ �max xj1;min xj2; L
t
j

h in o
þ xj1 þ ptj

where max xj1;min xj2; L
t
j

h in o
� xj1 are retained by insurance losses, and ptj is the

premium.

In the most general case, the vector x comprises decision variables of different

agents, including governmental decisions, such as the height of a new dike or a

public compensation scheme defined by a fraction of total losses
Pm

j¼1 L
t
j . The

insurance decisions concern premiums paid by individuals and the payments of

claims in the case of catastrophe. There are complex interdependencies among

these decisions, which call for the cooperation of agents. For example, the partial

compensation of catastrophe losses by the government enforces decisions on loss

reductions by individuals and, hence, increases the insurability of risks, and helps

the insurance to avoid insolvency. On the other hand, the insurance combined with

risk-reduction measures can reduce losses, compensations and governmental debt

and stabilize the economic growth of the region and the wealth of individuals.

We assume that o is an element of a probability space O;F;Pð Þ, whereO is a set

of all possible o, and F is a s-algebra of measurable (with respect to probability

measure P events from O. Let Ftf g be a non-decreasing family of s algebras, Ft

� Ftþ1, Ft � F. Random losses LtjðoÞ are assumed to be Ft – measurable, i.e., they

depend on the observable catastrophes until time t. In the following we specify

dependencies of these variables on o, although sometimes we do not use o when

these dependencies are clear from the text.

Catastrophe losses are shared by many participants, such as individuals (cells),

governments, insurers, reinsurers, and investors. In the model we call them

“agents”, since the main balance equations of our model are similar for all of

them. For each agent i a variable of concern is the wealth Wt
i at time t ¼ 0; T

Wtþ1
i ðoÞ ¼ Wt

iðx;oÞ þ Itiðx;oÞ � Ot
iðx;oÞ; i ¼ 1; n; t ¼ 0; T � 1; o 2 O (3.2)

where W0
i is the initial wealth. This is a rather general process of accumulation,

which, depending on the interpretation, can describe the accumulation of reserve

funds, the dynamics of environment contamination process, or processes of eco-

nomic growth with random disturbances (shocks), reserves of the insurance com-

pany at moment t, the gross national product of a country or the accumulated wealth

of a specific region. In more general cases, when catastrophes may have profound

effects on economic growth, this model can be generalized to an appropriate
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version of an economic-demographic model (see, for example, MacKellar and

Ermolieva 1999) enabling one to represent movements of individuals and the

capital accumulation processes within the economy.

For the simplicity of the exposition we do not discuss discount rates in these

equations since catastrophes require non-standard approaches. In particular,

induced by catastrophes, discount rates become important, which is evident from

the evaluation (3.1). We use also the same index i for quite different agents.

Therefore, the variables Itiðx;oÞ , Ot
iðx;oÞ may have quite a different meaning.

For example, for each insurer i we can think of Iti as premiums pti which are ex-ante

arranged and do not depend on o, whereas Ot
i is defined by the claim size Sti and

possible transaction costs which triggers a random jump of the risk reserve Wt
i

(usually denoted asRt
i) downwards at random times of catastrophic events (as in the

simple model of Sect. 3.2). If i corresponds to a cell, then income Iti may be affected

by a catastrophic event o generated by a catastrophe model. The incomes Iti can be

defined by a set of scenarios or through a regional growth model with geographi-

cally explicit distribution of the capital among cells. The termOt
imay include losses

Lti , taxes and premiums paid by i. For central or local governmental agent i (e.g.,
mandatory insurance, catastrophe fund) Iti may include a portion of taxes collected

by the government (compensations of losses by the government), and Ot
i may

consist of mitigation costs, debts, loans and fees paid for ex-ante contingent credits.

Catastrophes may cause strong dependencies among claims Sti for different

insurers i. These claims are defined by decisions on coverages of losses Ltj from
different locations j. For example, let us denote by x t

ij a searched fraction of Ltj
covered by insurer i, e.g., assume i ¼ 1; n. Then

Xn

i¼1

xtij � 1; xtij � 0; j ¼ 1;m (3.3)

and claims Sti are linear functions of

x ¼ xtij; i ¼ 1; n; j ¼ 1;m; t ¼ 0; T � 1
n o

:

Stiðx;oÞ ¼
Xm

j¼1

Ltjx
t
ij; i ¼ 1; n; t ¼ 0; T � 1:

If Iti , Ot
i simply correspond to premiums pti and claims Sti , then the wealth of

insurer i (its risk reserves) are calculated for t ¼ 0; T � 1, o 2 O as follows

Rtþ1
i ðx;oÞ ¼ Rt

iðx;oÞ þ
Xm

j¼1

ptijx
t
ij �

Xm

j¼1

LtjðoÞxtij (3.4)

where ptij are rates of premiums per unit of coverage.
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For each i consider a stopping time ti for process Wt
iðx;oÞ , i.e., a random

variable with integer values, t ¼ 0; T. The event o : ti ¼ tf g with fixed t depends
only on the history till t and it corresponds to the decision to stop processWt

iðx;oÞ
after time t. Therefore, ti in the case of Wt

i defined according to (3.4) depends on

xkij; i ¼ 1; n; j ¼ 1;m; k ¼ 0; t
n o

, i.e., it is a function tiðx;oÞ. Examples of ti may

be ti ¼ T, the time of the first catastrophe, or the time of the ruin before a given time

T: tiðx;oÞ ¼ min T;min t : Wt
iðx;oÞ < 0; t > 0c� ��

. The last example defines ti as
a rather complex implicit function of x.

Assume that each agent i maximizes (possibly negative) “wealth” at t ¼ ti. The
notion of wealth at t requires exact definition since it must represent, in a sense, the

whole probability distribution Wt
i . The traditional expected value EWt

i may not be

appropriate for probability distributions ofWt
i affected by rare catastrophes of high

consequences. As a result they may have a multimode structure with “heavy tails”.

We can think of the estimate for Wt
i as a maximal value Vt

i , which does not

overestimate, in a sense, random valueWt
i, i.e., cases when mins�t Wt

iðq;oÞ � Vt
i

� �

<0. Formally, Vt
i can be chosen by maximizing

V þ gE min 0;Wt
i � V

� �
(3.5)

or more general functionV þ gEd Wt
i � V

� �
, for appropriate functiond �ð Þ and g > 0.

The second term in (3.5) can be considered as the risk of overestimating of the

wealth Ws
i ðx;oÞ for s ¼ 0; 1; . . . ; t . This concept corresponds to the CVaR risk

measure (see Artzner et al. 1999; Jobst and Zenios 2001; Rockafellar and Uryasev

2000). The maximization of (3.5) is a simple example of the so-called stochastic

maximin problems. It is easy to see from the optimality conditions for this problem

(see Ermoliev and Wets 1988, pp. 165, 416, and further references) that for

continuous distributions the optimal value V satisfies condition PbWt
i � Vc ¼ 1=g.

For the normal distribution and g ¼ 2, it coincides with the traditional mean value

EWt
i . In the case of quadratic function d �ð Þ and g ¼ 1, i.e., the maximization of

E Wt
i � V

� �2
, the optimal V ¼ EWt

i .

Besides the maximization of wealth, the agent i is concerned with the risk of

insolvency, i.e., when Ws
i < 0 for some s ¼ 0; 1; . . . ; t as well as the lack of

sustained growth, i.e., when Isi � Os
i < 0 for some s ¼ 0; 1; . . . ; t. In accordance

with this consider the stochastic goal functions

f ti ðx;V;oÞ ¼ Vt
i þ gimin 0;min

s�t
Ws

i ðx;oÞ � Vs
i

� �	 

þ

di min 0;min
s�t

Ws
i ðx;oÞ

	 

þ bi min 0;min

s�t
Isi ðx;oÞ � Os

i ðx;oÞ
� �

	 


Fiðx;VÞ ¼ Ef
tiðx;oÞ
i ðx;V;oÞ; (3.6)

where nonnegative gi , di , bi are substitution coefficients between wealth Vt
i and

risks of overestimating wealth, insolvency, and overestimating sustained growth.
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If a catastrophe is considered as the most destructive event, then we can use in the

definition of f ti simply s ¼ t instead of mins�t . These requirements reflect survival

and stability constraints of agents. In (3.6) we use a modified form of (3.5), which is

more appropriate for dynamic problems. Each agent attempts to maximize Fiðx;VÞ.
Pareto optimal improvements of risk situations with respect to goal functions Fi

ðx;VÞ of different agents can be achieved by maximizing

Wðx;VÞ ¼
Xn

i¼1

aiFiðx;VÞ (3.7)

for different weights ai � 0,
Pn

i¼1 ai ¼ 1. These weights reflect the importance of

the agents. The maximization of Wðx;VÞ for different weights ai , i ¼ 1; n ,
corresponds to a stochastic version of the welfare analysis (Ginsburg and Keyzer

1997).

When n > 1 this model generalizes Borch’s (1962) fundamental ideas of risk

sharing to the case of catastrophic risks. In the Borch model risks from different

locations are substitutable, and the insurance pool is concerned only with the

redistribution of the total “risk mass”. According to (3.3), our model emphasizes

differences among risks from different locations, i.e.,m > 1 in contrast tom ¼ 1 of

Borch’s model.

Random functions f ti ðx;V;oÞ have a complex nested analytically intractable

structure defined by simulated patterns of catastrophes. Their non-smooth character

is due to the presence of operatorsmin and stopping times ti, which may be complex

implicit functions of x;oð Þ. When (4) f ti ðx;V;oÞ are concave functions in x as min

of linear functions. Hence, expectations Ft
iðxÞ ¼ Ef ti ðx;V;oÞ are also concave

functions in x for fixed t . The use of stopping times, t ¼ ti , generally destroys

their concavity and even continuity. If stopping times do not depend on x, then these
expectations are also concave. The use of such risk functions as in (3.5) is similar to

the Markowitz (1987) mean-semivariance model and the Konno and Yamazaki

(1991) model with absolute deviations. Connections of problems (3.5) with the

CVaR risk measure are established in Rockafellar and Uryasev (2000).

The choice of weights (risk coefficients) gi, di, bi, provides different trade-offs
between wealth and risks. The increase of these parameters better eliminates

corresponding risks.

3.5 Insolvency, Stopping Time, and Nonsmooth Risk Functions

A key issue for selecting catastrophic risk portfolios is the financial ruin of insurers.

It was shown (see Ermoliev et al. 2000), that when risk coefficients gi, di, bi in (3.7)
become large enough, then the probability of associated risks, in particular the

probability of ruin, drops below a given level p:
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P min
s�ti

Ws
i<0; i ¼ 1; n

� �
� p: (3.8)

The maximization problem defined by (3.6) and (3.7) is much simpler than the

problem defined in terms of the chance constraint (3.8). The functionsFiðxÞ defined
according to (3.4) for Wt

iðx;oÞ :¼ Rt
iðx;oÞ are concave, whereas constraints (3.8)

for the same case may have discontinuities character, e.g., if o has a discrete

distribution. The problem defined in terms of the chance constraints (3.8) has a

convex feasible set only under a strong assumption on the probability measure.

The discontinuous nature of the problem (3.6) and (3.7) may still be connected

with the stopping time defined as the ruin (insolvency) moment. Different smooth-

ing techniques for this case are analyzed in Ermoliev et al. (2001). In particular, a

rather natural idea of smoothing consists of introducing the possibility of borrowing

money in the case of insolvency. It is natural to expect that when the payment for

borrowing is high, agents will tend to exclude such a necessity through a reasonable

selection of the portfolios, i.e., to keep constraints on the insolvency within

reasonable limits. Let us slightly modify the process (3.2):

Wtþ1ðx; y;oÞ ¼ Wtðx; y;oÞ þ Itðx;oÞ � Otðx;oÞ þ ytþ1 � ð1þ btÞyt (3.9)

where for the simplicity of notation we do not use here index i, yt is a value of

borrowing on the interval t� 1; t½ Þ , bt is the bank interest for the credit on the

interval t� 1; t½ Þ, and y ¼ y0; . . . ; yTf g. According to (3.9), the borrowing taken out
at the moment t to maintain solvency should be paid off at the next instant of time

tþ 1 with interest bt . If the reserves of the company are not sufficient for this

purpose, then new borrowings are taken. The following fact is the key for dealing

with discontinuities of the stopping time effects and the insolvency constraints. Let

us represent the process Wtðx; y;oÞ as

Wtðx; y;oÞ ¼ W
( t

ðx;oÞ �
Xt�1

s¼1

bsys þ yt; W
( t

ðx;oÞ

¼ W0 þ
Xt

s¼1

Isðx;oÞ � Osðx;oÞð Þ

and let x�ðbÞ;V�ðbÞ; y�ðbÞð Þ be a solution of the following problem: maximize

Fðx;VÞ ¼ Emax
y�0

b f Tðx;V; y;oÞ � ð1þ bTÞyTc; Wtðx; y;oÞ � 0; 0 � t � T (3.10)

where f tðx;V; y;oÞ is defined as in (3.6) for Wtðx; y;oÞ defined according to (3.9).
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Theorem. (Ermoliev et al. 2001): Assume that Rtð0Þ � 0, P W
( t

ðx;oÞ ¼ 0

� �
¼ 0,

for any x 2 X , t ¼ 1; T . Then the probability of borrowing can be arbitrary

small by taking interest coefficients bt , t ¼ 1; T , large enough, i.e.,

PbW(
t

ðx�ðbtÞ;oÞ � 0; t ¼ 1; Tc ! 1 a.s. for min1�t�T bt ! 1.

3.6 The Tuscany Region Case Study

In this section we specify the general model described in Sect. 3.4 to the Tuscany

region, Italy (Amendola et al. 2000a, b). Even if Tuscany is not among the most

hazardous regions with respect to seismic activities, the case study is quite repre-

sentative for the methodological approach. The choice of the region was deter-

mined by the fact that the Institute for Research on Seismic Risk of the Italian

National Research Council made models and data from a previous study available

(Petrini 1995). These were incorporated in a Monte Carlo generator of seismic

events, which simulates occurrence of earthquakes affecting the region, calculates

attenuation according to the geological characteristics, and finally determines the

acceleration at the ground in each municipality. The IIASA spatial-dynamic,

stochastic optimisation model has been customised to explicitly incorporate the

vulnerability of the built environment, with data on number and types of buildings

in each municipality of the region. The study focused on the analysis of different

policy options for an insurance program and on the interplay between investments

in physical mitigation (retrofitting) and risk-sharing measures should be investigated.

The region was subdivided intoM 	 300 sub-regions, which corresponds to the

number of its municipalities. For each municipality j, number and types of

buildings, their vulnerability, and number of built cubic meters are available.

These represent the so-called estimate of “wealth” Wj in the municipality j. Using
data and models in Petrini (1995), a catastrophe generator was created (see

Amendola et al. 2000a, b; Baranov et al. 2002; Rozzenberg et al. 2001) using

Gütenberg – Richter law and the attenuation characteristics of the region (see

Fig. 3.2). This enables one to generate the occurrences of earthquakes at random

times, including their intensities and ground accelerations in each municipality. The

generator could be easily adapted to incorporate different kinds of hazard

distributions, non-poissonian catastrophic processes, as well as micro-zoning

within a municipality. It produces earthquake scenarios at random time moments

according to geo-physical characteristics of faults and soil type.

Simulated in time and space, earthquakes o0; . . . ;ot may occur at different

municipalities, inside or outside the region, have random magnitudes and, there-

fore, affect a random number of municipalities.

In municipalities affected at time t the vulnerability relations between

accelerations and losses (Petrini 1995) according to the type (masonry or reinforced

concrete), age and maintenance of the buildings are used to estimate the number of

cubic meters of destroyed properties. The economic loss of destroyed cubic meters
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of a building is defined as the cost for their reconstruction. Then it is possible to be

independent of contingent pricing by considering the cost of reconstruction per

cubic meters to be the monetary unit. In this way the simulation of time histories for

possible earthquakes in the region produces the sets of economical losses, and

enables the design of an insurance programme. It also enables one to determine in

which way preventive retrofitting could decrease the losses: this is easily done by a

consequent decrease of the vulnerability indices in the loss model. In this way it is

possible to study the interplay between structural measures and risk-sharing for an

integrated risk management approach, and to design an insurance system linked to

incentives for retrofitting of the built environment. Our analysis was primarily

concerned with the following. In its early version the Italian Design of Law 2793

(1998) to reduce the impact of natural disasters on the governmental budget,

included provisions for an insurance programme against all natural hazards.

It was not intended to make this insurance mandatory, but to make mandatory the

extension of a fire insurance policy to all natural hazards, in a way similar to the

French system (see Sect. 3.3). In addition to tax incentives for such an insurance, it

stipulated a maximum exclusion layer of 25%, the creation of a pool of insurance

companies with an appropriate reserve fund, e.g., corresponding to the annual

average government payment for compensating losses (with some forms of state

guarantee to be specified further), and linking of the premium to the premium for

fire policy. This article was withdrawn, and later proposals are still subject of

discussion.

Starting from these principles, the case study intends to demonstrate how the

model evaluates and offers the decision-makers different policy options. Let us

assume that an insurance company (this might be a pool of companies or the

government itself acting as an insurer) covers a fraction, e.g., q ¼ 0:75 , of

earthquake losses. The rest n ¼ 1� q, according to the Design of Law, would be

Fig. 3.2 Earthquake generator
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compensated by the state. The state would also required to contribute to the reserve

funds in case of excessive losses.

The company has an initial catastrophe fund or a risk reserve R0 , which in

general is characterized by a random variable dependent on past catastrophic

events. It is also possible to analyze necessary for the future as R0 a policy variable.

For example, taking R0 ¼ 0 enables us to evaluate the capacity of the region

to accumulate risk reserves in the future. Assume that the time span consists of

t ¼ 1; T , T ¼ 50 , time intervals. The stopping time t is the time of the first

catastrophe in the region within the time horizon T. The risk reserve (wealth)

Rt of the pool at time t ¼ 1;T, is calculated according to (3.4):

Rt ¼ Rt�1 þ
Xm

j¼1

pj �
Xm

j¼1

LtjðotÞq

where q defines the coverage of the pool in affected municipalities j at time t, pj is
the premium rate from the municipality j, LtjðotÞ is the loss (damage) at j caused
by the simulated catastrophic event ot at time t. The value LtjðotÞ depends on the

event ot , the content of j, mitigation measures and deterioration of the built

environment. The analytical structure of the probability distribution of the random

variable Rt is intractable, therefore, the methodology relies on Monte Carlo

simulation.

Standard actuarial approaches calculate premiums in accordance with loss

expectations. Therefore this study analysed two policy options based on similar

principles:

1. Premiums based on the average damage over all municipalities (solidarity

principle, bringing less exposed locations to pay premiums equal to more

severely exposed ones, as in the spirit of the proposed insurance programme)

2. Location-specific premiums based on average damage in the particular munici-

pality, i.e., risk-based premiums.

However, the use of average losses may be misleading in the case of heavy tailed

distributions which are typical for catastrophic losses. The stochastic

optimisation allows the analysis of different criteria and takes into account

dependencies among location specific losses. As an important example, a third

policy option has been considered:

3. Premiums calculated in a way that equalises in a fair manner the risk of

instability for the insurance company and the risk of premium overpayment

for exposed municipalities. Besides this, it was important to analyse location

specific coverages and the amount of governmental compensation as a decision

variable.

For Option 3 it was assumed that the pool maximises its wealth (risk reserves)

taking into account the risks of the insolvency under the constraint on “fair”

premiums. “Fair” premiums are defined according to the specified probability

(say, once in every 100 years) of cases when paid premiums exceed actual claim

sizes.

3 Modeling Catastrophe Risk for Designing Insurance Systems 45



Accordingly, the goal function (3.6) for the pool at t ¼ t, R0 ¼ 0, is

f tðx;V;oÞ ¼ V þ g min 0;Rtðx;oÞ � Vf g þ d min 0;Rtðx;oÞf g:

The stability of the welfare growth of municipalities can be written in the form of

the chance constraints on overpayments:

P ð1� qÞLtj þ Ltjqj<pj
n o

� p;
Xm

j¼1

qj ¼ q;

where x ¼ ðp1; . . . ; pn; q1; . . . ; qnÞ, x � 0, p is a given “safety” level. The difference
q� qj defines the partial coverages of some municipalities, which generates the

demand for further increase of the compensation by the government. The wealth

of municipalities at t ¼ t changes due to the insurance program from Wt
j � Ltj

to Wtþ
j ¼ Wt

j � Ltj þ ð1� qþ qjÞLtj � pj. The stochastic goal function (3.6) for

municipality j at t ¼ t is defined as

f tj ðx;Vj;oÞ ¼ Vj þ gj min 0;Wtþ
j � Vj

n o
þ

dj min 0; ð1� qþ qjÞLtj � pj
n o

Figures 3.3, 3.4, 3.5, 3.6, and 3.7 illustrate some numerical results. The number

of simulations is shown on the vertical axis.

For Option 1, where the burden of losses is equally distributed over the population,
the simulation of catastrophic losses showed that the annual premium is equal to

the flat rate of 0.02 monetary units (m. u.) per cubic meter of building.
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For Option 2, Fig. 3.3 shows the distribution of municipality-specific premiums

based on average damage in each municipality (or according to the municipality-

specific risk). There is a prevailing number of municipalities (about 170) that

have to pay 0.02–0.03 m. u., which is close to the flat rate of 0.02, as in Option 1.
Municipalities more exposed to the risk, have to pay 0.04 and higher rates (more

than 60 municipalities).

Figure 3.4 shows the distribution of the insurers’ reserve (cumulated at t within
50 years) at premiums ofOption 2. The volume of capital is shown on the horizontal

axis. The probability of insolvency (when the risk reserve accumulated up to the

catastrophe is not enough to compensate incurred losses) is indicated on the right-

hand ordinate axis. There is a rather high probability of “small” insolvency (values

– 90, �40 occurred in about 190 and 90 simulations out of 500, as it is discussed in

Sects. 3.2 and 3.7). High solvency (more than 500 m. u.) occurred in about 10% of

the simulations. The size of insolvency would represent the cost to the government

to cover losses uncovered by the pool. Another option may be to transfer a fraction

of losses to international financial markets, as it was analyzed in Ermolieva et al.

(2001).

Figure 3.5 shows the distribution of premiums for Option 3. According to this

principle, most of the municipalities (180) have to pay close to the flat rate of

0.02–0.03 m. u. per cubic meter of a building. Rates of 0.04 and higher have to be

paid by about 100 municipalities. In this case the highest premium rate is 0.5,

which, in comparison to the highest rate of 1.2 of Option 2, is much lower. The

distribution of the insurer’s reserve in Fig. 3.6 indicates also the improvement of the

insurer’s stability: the frequency of insolvency is considerably reduced.

Figure 3.7 is very illustrative. For each municipality it shows the optional

premiums to be paid: the flat premium rate of 0.02, the Option 2 municipality-

specific rate, and the “fair” premium of Option 3. Many municipalities in all three

Fig. 3.7 Comparison of options: municipality-specific, “fair” and flat (0.02) premiums
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options have to pay the premium rate, which is about the flat rate (0.015–0.03). For

quite a number of municipalities in Options 2, the rate significantly exceeds the flat
rate. For these municipalities special attention should be given to whether they are

able to pay such high premiums. Option 3 allows us to take individual constraints

on overpayments into account and work out the efficient premiums both for the

insurer and municipalities.

3.7 The Solution Procedure

From the discussion in Sect. 3.4 it follows, that the welfare function Wðx;VÞ for the
case study in the Tuscany region is a concave function assuming that t and Ltj do not
depend on x. In this case the minimization ofWðx;VÞ can be approximately solved by

linear programming methods (see general discussion in Ermoliev et al. 2001). The

resulting linear approximation may prove to have extremely large dimensions due to

the large number of scenarios for estimating the function being optimized. The main

challenge is concerned with the case when t and Ltj are implicit functions of x. Then
we can only use the stochastic quasigradient (SQG) methods (see Ermoliev and Wets

1988; Birge and Louveaux 1997). Let us outline only the main idea of these

techniques. More details and further references can be found in Ermoliev et al.

(2000, 2001).

Assume that vector x incorporates not only risk management decision variables x
but also V and decisions affecting the efficiency of the sampling itself (for more

detail see Pugh 1966; Ermolieva 1997). An adaptive Monte Carlo Optimization

procedure (SQG method) searching for a solution minimizing WðxÞ starts at any

reasonable guess x0. It updates the solution sequentially at steps k ¼ 0; 1; . . . ; by

the rule xkþ1 ¼ xk � rkx
k , where numbers rk > 0 are predetermined step-sizes

satisfying the condition
P1

k¼0 rk<1,
P1

k¼0 r
2
k ¼ 1. For example, the specifi-

cation rk ¼ 1=ðk þ 1Þ would formally suit. Random vector xk is an estimate

of the gradient WxðxÞ or its analogs for nonsmooth function WðxÞ. This vector
is easily computed from random observations of WðxÞ . For example, let Wk

be a random observation of WðxÞ at x ¼ xk and W
( k

be a random observation of

WðxÞ at x ¼ xk þ dkhk . The numbers dk are positive, dk ! 0, k ! 1 , and hk

is an independent observation of the vector h with independent and uni-

formly distributed on �1; 1½ � components. Then xk can be chosen as

xk ¼ W
( k

�Wk


 �
=dk

� �
hk . There is significant flexibility in choosing xk for

estimating the gradient of WðxÞ at x ¼ xk . Some of them may lead to fast

convergence, others produce slow oscillating behavior. For example, the straight-

forward estimation of function CðxÞ in Sect. 3.2 is time consuming. But due to

formula (3.1) we can use the following procedure. Let us consider any sequence

of numbers mt > 0, t � 1 ,
P1

t¼1 mt ¼ 1. Step k þ 1: choose tk with a probability
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mt from set t 2 1; 2; . . .f g ; generate pk 2 bp; pc and simulate claim Btk
k by a

catastrophe model. Calculate xk ¼ m�1
tk

pð1� pÞtk�1V
0
tk
min xk;Btk

k

� �� ptk
� �h i

�k ,

where V
0
t denotes the derivative of Vt �ð Þ , and �k ¼ 1, if xk � Btk

k , and �k ¼ 0,

otherwise. It is easy to see, e.g., from the discussion of the stochastic

minimax problems in Ermoliev and Wets (1988, p. 165) that m�1
tk
bpð1� pÞtk�1

V
0
tk
min xk;Btk

k

� �� ptk
� �c�k is an estimate of C

0 ðxkÞ , i.e., its expected value is

C
0 ðxkÞ. The rate of asymptotic convergence of this method (when the number

of observations k ! 1) is similar to other sampling based procedures.

3.8 Conclusions

Catastrophes produce losses highly correlated in space and time, which violates the

law of large numbers. In this chapter we show how to address the insurability of

dependent high-impact catastrophic risks by calculating conditions that would aid

insurers and investors in deliberate selection of their portfolios.

We outlined the structure of a basic integrated catastrophe management model.

It has a rather general form suitable for the analysis of location-specific risk

reduction measures combined with different risk spreading options. It takes into

account differences in vulnerability between various insurance portfolios and

geographically explicit dependent losses from events occurring at different

locations. It shows that the choice of decisions in the presence of catastrophic

risks can be regarded as a stochastic optimization problem.

The model is illustrated with case studies, where the case of. seismic risks in the

Tuscany region, Italy, is discussed in detail.

The Tuscany case is based on a comprehensive geographically distributed data

set, from which we demonstrate the ability of the methodology to analyse and

compare different policy options for risk mitigation and sharing.

Special attention is paid to equity and fairness for disaster loss sharing. In the

case study, the model is able to analyse multiple policy options for developing

insurance in an equitable and fair manner, and their effects on insurance premium

and reserve funds.
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Chapter 4

Multiple Criteria Decision Making for Flood

Risk Management

Karin Hansson, Mats Danielson, Love Ekenberg, and Joost Buurman

Abstract This paper describes a framework for multiple criteria decision making

(MCDM) for flood risk management. To date, most models assessing flood impacts

and coping strategies focus on economic impacts and neglect environmental and

social considerations. In this paper, we develop and test an ex-ante framework for

flood damage assessment, which includes a flood simulation model, a decision tool,

and suggested policy strategies. Environmental and social criteria are introduced

into the framework, and soft evaluations are performed in order to demonstrate the

usability of the framework. The Bac Hung Hai polder in northern Vietnam serves as

a case study. Results show that it is useful to add a multi-criteria perspective to flood

management decisions to account for differing views and preferences. Furthermore,

such a framework enables stakeholder participation in consequence analyses as

well as in formulating more elaborated criteria weights.

Keywords Decision support tool • Flood risk management • Case study • Multi-

criteria perspective • Simulation tool

4.1 Introduction and Background

There is increasing recognition that flood risk management should be part of a

larger development plan that includes the diverse views and preferences over

multiple criteria of concern to stakeholders. The overall purpose of the research

presented in this paper is to develop and apply a multi-criteria framework in the
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case of complex environmental and social decisions involving flood risk manage-

ment. The framework includes a computer based simulation model, a set of possible

policy strategies, and a decision analytical tool. The framework is particularly

useful to the unique needs of policy makers in developing countries, and we

focus the analysis on the Bac Hung Hai polder in northern Vietnam as a pilot

study. An earlier version is discussed in (Hansson et al. 2006, 2008). A post-

analysis of the initial version showed that the framework was incomplete, lacking

the ability to handle multiple criteria.

4.2 The Framework

We describe a system-analytical framework for multi-criteria decision making

(MCDM) for flood risk management. To date, most methods/models to determine

the impact of floods and flood coping strategies have focused on economic impacts

and neglected environmental and social impacts. Often, a single measure of value is

used for the consequences of a decision, typically economic value. MCDM

methodologies can handle several criteria at the same time, which make them

particularly attractive for decisions in the public sector. Environmental and social

criteria are introduced into the framework, and soft evaluations are performed in

order to demonstrate the usability of the framework. For an initial version of the

framework, please refer to (Hansson et al. 2008).

The framework includes a proposed approach for achieving a fair outcome

involving techniques to evaluate and present the results to relevant stakeholders,

including property owners, non-governmental organisations (NGOs), governments,

insurers, and lending institutions/donor agencies. More than one government can be

introduced into the framework, which gives the user a possibility of adding a trans-

boundary perspective. The important aspects for a trans-boundary perspective are,

for instance, land use changes along a river and the shared cost and maintenance of

mitigation measures, both structural and non-structural. For instance, when a

structural mitigation is introduced (or neglected) in an upstream country the impact

is often observable in the downstream country. In order to investigate the effects of

flood management strategies that take account of stakeholder views over a period of

time, where flood disasters of different magnitudes may occur, a simulation

approach is used in combination with a decision analytical tool.

4.3 The Simulation Model

The relative infrequency of catastrophic events and the resulting scarcity of histori-

cal loss data contribute to the difficulties of reliably estimating the risk of catastro-

phe losses using only standard actuarial techniques. However, by combining

mathematical representations of flood occurrences with information on property
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values and other variables, simulation models can generate probabilistic loss

estimations. In flood hazard simulation models many subsystems are closely linked,

for instance, the hydrological system is dependent on the weather system and the

economic system depends on the behaviour of the river system. Thus, a flood will

have impact on the economy both directly and indirectly. Adding to the complexity

of the model is its inherent large degree of uncertainty. The construction of a flood

simulation model therefore relies on the expertise of many scientific disciplines,

such as hydrology, meteorology, civil engineering, statistics, and actuarial analysis.

The expertise required to construct a simulation model for flood management

decisions is thus broader than the traditional actuarial domain.

The framework uses a simulation model to link the subsystems and explore their

interconnections. Land use data are included in the simulation model by the use of

vectors in which each cell represents a specific area of specified size. The size of the

cell is specified by the geographic area under investigation. The area may contain,

for example, a property or cultivated land represented by its current economic

value. Each cell is identified by its location in the vector. This provides the

possibility to divide land into different locations or to add a trans-boundary

perspective. Moreover, if large quantities of spatial data are implemented in the

model, several vectors can be introduced. Vectors containing data on soil type,

elevation, inhabitants, income, cattle, etc. are also catered for in the simulation

model by connecting them to the land use data. However, micro level data are often

difficult to obtain and the choice of data to include in a simulation depends on the

strategies under investigation.

Hydrological data on floods, structural mitigation, and damages are provided by

experts. Statistical data on different types of floods of different magnitudes are

implemented in the model. Based on data, a simulation model provides decision

makers with the possibility to elaborate and increase or decrease variables such as

damages, frequency, and strength of a flood. It should be noted that the hydrological

conditions and the capacity of the river system may change over time. The flood

levels for a given return period may increase due to changes in the river system,

conditions of the levees, and how they are maintained. This can, for instance, cause

sedimentation. Therefore, a specific function in the model allows stakeholders to

alter flood data.

Monte Carlo (MC) simulations were chosen to simulate flood protection failure

since they can provide reliable statistical output given a sufficiently large enough

sample base, cf. (Miao et al. 2004). A MC simulation requires, for each simulation

and each random variable, probability distributions. In the framework, one or

several floods can occur each time period in one or more locations. Flood probabil-

ity distributions, magnitudes, and locations where the floods strike are provided by

hydrologists. Simulations can be set to different lengths – for instance, 20 year

periods repeated 100,000 times.

Different groups of stakeholders can be represented in the simulation model.

Where the focus is primarily the financing of flood risk, the stakeholders will

include the government, insurers, property owners/inhabitants, NGOs, donor

agencies, and lending institutions. Each stakeholder is initialised in a vector with
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a specific identification number. For instance, the insurance companies can be

connected to a land use vector if a contract is established between a property

owner and the company. One property can carry more than one insurance contract.

Data on each contract is stored in a separate vector. The details on settings for

contracts are established by the actual stakeholders and implemented as different

policy strategies.

Each stakeholder and/or group of stakeholders is assigned different variables and

wealth transformation functions described in (Hansson et al. 2008). After each time

period, the wealth of individual stakeholders and stakeholder groups are calculated.

That is, the financial results are saved at both micro and macro levels, for the entire

geographical area, and also for each location separately (if several locations

are used). Moreover, it is possible to isolate a single property owner in order to

evaluate the result at the micro level.

4.4 Policy Strategies

The framework can be used in a participatory manner, for instance, as a focal point

for discussions at policy meetings. For an implemented strategy to be sustainable

and accepted it should preferably involve all levels of the community; cf. (Arriens

2004; Cornwall and Jewkes 1995; Hosking 2004). Discussing flood management

strategies at local meetings gives the local authorities and interest groups an

opportunity to participate and state their preferences.

A public policy strategy consists of multi-valued policy parameters. If we

continue with the risk financing policy example, the parameters can include, for

instance, the level of post-flood government compensation to victims, the premiums

paid to insurers, post-disaster borrowing by flood victims, and funding for other

government services such as education. As an example of a policy strategy, the

model specification could include governmental compensation set to 40% of

property losses and premiums to insurers set to 1%of the property value. A specific

policy strategy might be advantageous to one stakeholder group but not to another.

For example, a strategy that maximises an insurer’s risk reserve may not be

satisfactory to individual property owners. Furthermore, the government can allo-

cate funds to non-structural measures such as education and warning systems.

A threshold can be set, and if the funds exceed the threshold, damages are reduced

by a percentage set by the policy maker. Moreover, if enough funds are allocated for

maintaining the existing structural measures, then probabilities for damages are

reduced. Thresholds are set by policy makers. Donor agencies can be introduced

into the model, for instance, if the government’s wealth reaches a lower boundary

or if more than one flood occurs within a time period. For a more detailed

description of policy variables, consult (Hansson et al. 2006, 2008).
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4.5 A Decision Analytical Tool

For decision makers and stakeholders to express their preferences, and to approach

a Pareto optimal flood management outcome, a decision support module is

incorporated into the framework. It has been shown to be difficult for stakeholders

to express their preferences unaided (Riabacke et al. 2009; Matsatsinis and Samaras

2001). The module makes it possible to analyse the decision situation and incorpo-

rate risk and uncertainty.

When assessing flood management strategies, the relative importance of the

different stakeholder preferences must be considered. The result from the simula-

tion model can be evaluated, e.g. by weighting (aggregated groups) of stakeholders.

In restricted situations, it is sometimes possible to find an optimal solution for one

of the parties involved. However, such a solution is problematic for several reasons.

One main problem is that it would be politically impossible to make such an

aggregation using a black-box approach, i.e. the stakeholders would not accept

the outcome. This has been clearly shown in several interviews performed in flood

settings in the Tisza basin (Vári et al. 2003; Ekenberg et al. 2003). Furthermore,

even if fixed numerical weights could be introduced, there is no objective (or even

inter-subjective) way of making proper final assignments. In this framework, we

take account of a multitude of weights at the same time (in the form of weight

intervals) and explore how they affect the outcome. Taking this approach, the

results from the simulations are analysed using the decision tool and classes of

weighted mean losses are calculated. This analysis incorporates sensitivity analyses

of the various costs and probabilities involved.

The decision analytical module selected for the framework is based on the Delta

method (Rice 1994; Danielson and Ekenberg 1998). Main features include the use

of familiar concepts like weights, probabilities, and values rather than a more

specialized formalism, and the possibility to use vague and imprecise input data

in the form of intervals and comparisons rather than fixed numbers for input data,

such as stakeholder preference importance weights, event probabilities, and values.

The concepts of weights, probabilities, and values were chosen since they are well

established and therefore more easily accepted by stakeholders, see, e.g., (Brouwers

et al. 2002, 2004; Danielson et al. 2006). The choice is pragmatic and not to be seen

as an indication of inappropriateness of other uncertainty techniques. With the

simulation results as a basis, the strategies are analysed using the tool. For the

evaluation of the options, aggregated data from the simulations are used.

The outcomes from the simulation model are saved and the results are automati-

cally transferred to the tool.

4.6 Adding Different Perspectives

Typically, analysts construct their analyses using a single measure of value

to express the decision outcome, for example, the financial or economic value.

Yet, policy makers must consider multiple perspectives that include economic,
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environmental, social, and political considerations.Methodologies for incorporating

multiple perspectives and objectives include value trees, value functions, and trade-

off analyses (Danielson et al. 2007; Larsson et al. 2005). A combination of financial

and non-financial criteria can be handled by using multi-criteria decision analysis

(MCDA), which makes it attractive for decisions in the public sector.

Earlier studies using the proposed framework showed that a flood management

tool is helpful when used in a participatory manner, where stakeholders need

guidance in choosing a flood management strategy. The framework was evaluated

in a Hungarian stakeholder workshop, during a field project initiated by the

Hungarian government (Danielson and Ekenberg 2012); see Chap. 14 of this

volume. In this case it was important to take a multi-disciplinary approach and

take account of the multi-dimensional concerns of the stakeholders, cf. (Linkov

et al. 2006; ICOLD 1997; Viljoen et al. 2001). Therefore, an MCDA model is

introduced into our framework and implemented in the decision analytical tool.

Critics point out, however, that MCDA evaluations are often reduced to an

economic value (Phillips 2002). To avoid this problem, our framework does not

require fixed numbers, but allows instead assignment of a ranking order (not fixed

weights) to the criteria and a preference order over the consequences (not economic

value). Moreover, adding an MCDA function does not mean that the importance

of the economic aspect is lost. Since a weighting system is applied in the frame-

work, the economic criterion can be assigned an as large weight as desired for

modelling the views held within the project.

Extending the framework, two types of default criteria (other than the economic

criterion), social/health and environmental, have been added to the decision evalu-

ation model. The criteria are modelled by a criteria hierarchy and assigned weights

in the form of intervals or comparisons between them. A criteria hierarchy built on

these criteria is discussed below in connection with the pilot study. Note that there

are now two independent sets of weights, stakeholder importance weights and

perspective (criteria) weights.

4.7 Case Study: Area and Setting

In addition to the Tisza case, described in cf. (Linnerooth-Bayer et al. 2012 in

Chap. 12; Brouwers and Riabacke 2012 in Chap. 13), the method was applied in a

case study in Vietnam. The country is rapidly changing from a planned to a market

economy. In the past, funds were allocated to a large number of water professionals

and workers who maintained the flood infrastructure. With the introduction of a

market economy the economic pressure on the government put this labour-intensive

strategy into jeopardy.

In 2007 Vietnam’s disaster risk management framework, the national strategy

for natural disaster prevention, response, and mitigation to 2020, was approved by

the government (CCFSC 2009). This strategy focuses on water related disasters

with the objective of integrating disaster planning into socio-economic
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development plans. The strategy strives for combining structural and non-structural

measures, giving forecasting and preparedness a central role (CCFSC 2009).

The use of insurance as a risk transfer mechanism in Vietnam is close to non-

existing, c.f. (GlobalAgRisk 2009; Ghesquiere and Mahul 2007). The Ministry of

Labour, Invalids, and Social Affairs (MoLISA) is responsible for establishing

disaster compensation policies. Moreover, a project has been initiated in order to

make sure thatdonors and funding are organised and used in a coordinated way

(UN 2010). The disaster management group in Vietnam is working with the

objective of coordinating activities and planning in the disaster management area

(VUFO-NGO 2006).

One of the largest deltas in Vietnam is the Red River Delta, which is at high risk

of floods. Lives and property are threatened by annual flood events as well as

extreme floods which impose a substantial burden on the communities. The Red

River Delta exhibits characteristics of a region in stress: increasing numbers of

floods, dense and increasing population, and a low land location. The Red River

Delta, and more specifically the Bac Hung Hai polder, serves as the pilot study for

our analysis.

The population in the polder is 2.8 million persons. For the pilot study, 11,200

were included, all of whom are at risk to flood. The area of the polder consists of

225,000 ha, of which most is agricultural land, and the elevation ranges from 0 to

10 m, where the highest elevation is in the northwest and the lowest in the southeast.

Table 4.1 shows the value of homes in this pilot region.

Currently, in the Bac Hung Hai polder levees form the primary defence against

flood disasters. In general, maintenance costs, primarily for levees, are substantial

in the region. Sections are generally lying below the normal flood level and require

significant efforts during flood seasons. Normally, multi-purpose upstream

reservoirs function as water reservation bodies for hydroelectric plants. During

the flood season their priority changes to general flood-control measures (ADRC

2005). There are also several general strategies for flood management, incorporated

into development plans for the basin, such as forecasting, warning systems, and

other preparedness actions (UNDP 1998, 2002).

Nine different flood scenarios were implemented. Four scenarios are described

by levee failure due to seepage at four different locations in the polder (see Fig. 4.1),

and four are described by overtopping, and finally, one represents no event in a

particular year. Data on flood probabilities and flood damages were gathered on

location, and statistics were retrieved from local authorities (see Table 4.1 for

damages) (SWECO/WL 2005).

Locations and probabilities
1. Song Hong, Red River, protected by 64–80 km levees. Probability for

overtopping is 4.7% and for levee breach 2.6%.

2. Song Hong 2, Red River, 80–120 km levees. Probability for overtopping is 4.2%

and for levee breach 31%.

3. Sound Duong, Duong River, 0–45 km levees. Probability for overtopping is

0.5% and for levee breach 0.1%.

4 Multiple Criteria Decision Making for Flood Risk Management 59



4. Song Thai Binh, at the Thai Binh River, 0–15 km levees. Probability for

overtopping is 4.3%, and for levee breach 44%.

In the study, the simulations were repeated 10,000 times over 10-year periods.

Floods were simulated using a Monte Carlo (MC) simulation technique, once each

year per type of flood.1 We restricted the number of floods to one flood per location

a year. This gave us, for a 10 year period, more than 12·1018 possible outcomes

((34)10).

Table 4.1 Vulnerability variables derived from regression analysis

Type of house Value 106 VND Number of houses Damage rate (%)

Villa 560 14 10

House with concrete frame 263 56 15

House with concrete roof 134 812 15

House with tiled roof 42 1,624 20

Thatched cottage 7 294 60

Data from (IMECH/NIAPP 2005)

Fig. 4.1 Bac Hun Hai polder, failure locations, scale 1:200 000 (Figure from SWECO/WL 2005)

1A flood event is calculated as the probability of a failure of the flood protection measures (using

the probabilities for each type of event and for each location) conditional on a 100-year flood

occurring. That is, the events of levee breach and overtopping may only occur if a 100-year flood

event has struck at a specific location.
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4.8 Criteria

The three types of default criteria in the decision evaluation model were economic,

social/health, and environmental. For the non-economic criteria, the following

criteria hierarchy was identified:

The environmental criterion includes three different types of consequences:

• pollution of drinking water;

• destruction of mangrove forests; and

• river pollution.

The criterion social/health aspects includes four different types of consequences:

• stress on families;

• increase in water borne diseases (including mosquito related diseases);

• historic/religious buildings destroyed; and

• snakebites.

These criteria are soft and thus more difficult to value, but they can be assigned a

preference order. For each unique event and for each location, each group of

stakeholders can rank criteria and assign a weight (or a weight interval) if desired.

There are numerous factors that can be incorporated into a project. Below, we

discuss factors included in the pilot study.

Incorporating environmental aspects are vital in a developing country.

Inhabitants know the river system and its behaviour. They are often dependent on

the river for daily chores such as gathering food, transportation, washing clothes,

and to water crops and cattle. Therefore, a flood management strategy designed for

a developed country may not be suitable for a developing country (van Ogtrop et al.

2005).

• After a flood, contaminated drinking water is often a problem leading to illnesses

such as cholera or dysentery since the sewerage system is often underdeveloped

(French and Holt 1989; MMWR 2003; Ahern et al. 2005).

• Additionally, still water after a flood (e.g., puddles, water-filled divots) can

increase diseases spread by mosquitoes, such as malaria, dengue fever, and in

some cases different forms of encephalitis (US-EPA 2006). It should be noted

that mosquito borne disease transmission is related to the number of infected

mosquitoes able to transmit disease and not to the total number of biting

mosquitoes present in a population. Thus, the surrounding environment, such

as soil type and vegetation, is related to the number of mosquitoes (Shaman and

Day 2005). For instance, after a flood in 2002 in Mozambique there was an

increase of malaria of 1.5–2 times (Kondo et al. 2002). It should also be noted

that increased transmission of mosquito-borne diseases usually occurs several

weeks after a flood (and not during a flood).

• Social protection and sickness allowance is often non-existent in developing

countries. Instead, families and neighbours rely on each other. If a member of a

family suffers from illness, this can be devastating to a household’s economy.
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During a flood family members may be separated. The Red Cross is working

actively to trace missing people after disasters (Watson-Smyth 2000). To mini-

mise the risk of such family tragedies, it is important for people living in high

risk areas to be informed and educated regarding suitable escape routes and

meeting points.

• During a flood, contaminated water may pollute the river in such a way that the

environmental balance is disrupted. This affects the health and survival of poor

people dependent on the river. Industries along riversides may cause serious

disruption to the environment if exposed to flood. Run-off from floods can bring

contaminated water into the river, poisoning the fish. Such an incident occurred

in the Tisza river in 2000 (Black and Williams 2001; Linnerooth-Bayer et al.

2001; Vituki 2000), where the flood carried cyanide and heavy metal not only

into the river causing fish and microbes to be poisoned, but also into wetland and

flood plains along the river causing pollution to otters and birds. In more tropical

regions, flood run-off can destroy coral, and the nutrients create an algae bloom

producing ciguatoxin (toxic bacteria). Finally, people ingest the bacteria by

eating the contaminated fish (e.g. Johnson 2005; Virola et al. 2008). Heating

the fish by conventional cooking does not destroy ciguatoxin bacteria.

• Snakebites may cause deaths and injury after a flood. Like man, snakes seek

shelter from the water in trees, houses, and on roof tops. Stressed and nervous,

competing for space, the snakes bite anything close (West et. al. 2006; Huq
2004; Valcárcel 2004).

• River mangrove forests are vital for many reasons. They provide habitats and

breeding areas for wildlife such as fish and shrimps. Mangroves protect river

banks and coastal regions from erosion, and they reduce the impact of floods

(Lee and Krishnapillay 2003). Thus, mangrove forests can be seen as both

natural protection and as a consequence of flooding.

• Historical buildings, ancient monuments and churches are important to preserve

(De Silva 2003; AHC 2002). They serve as symbols for the nations/areas/

villages history, religion, and heritage. Moreover, for the inhabitants in small

villages, religious buildings often serve as meeting halls, and if hazard maps and

escape routes are produced, this is often the place where they are kept, accessible

to all villages. Furthermore, cultural and historical buildings can attract tourism

and therefore be economically beneficial.

These criteria are implemented as decision trees for the evaluation procedure

together with the strategies presented in Sect. 4.9. One tree is created per criteria,

stakeholder, and strategy. This will be further described in Sect. 4.10 where we

discuss the implementation and evaluation procedure.

4.9 Strategies

Several strategies are implemented in the simulation model. For this study, we

consider only the financial aspects (reimbursement or compensation after a disaster)

and the generic types of mitigation measures (structural and non-structural), which
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are drawn from an earlier case (Vári et al. 2003) and further elaborated to fit the

needs of developing countries (Hansson and Ekenberg 2002).

• Strategy 1: Low government compensation in combination with structural

measures.

• Strategy 2: The same settings as in strategy 1, but with considerably more funds

to non-structural pre-mitigation measures (education and warning systems

which reduce lives lost and damage).

• Strategy 3: The use of a catastrophe fund for compensation and maintenance,

where tax money is pooled.

These have several sub-consequences under the various criteria and will be

further discussed in the next section. More generally, the differences between

strategies 1 and 2 are the variables and functions concerning non-structural

measures (warning systems and education) in combination with higher maintenance

levels of the existing levees. Higher maintenance reduces probabilities of floods

occurring. Maintenance costs differ for each location based on the length of the

levee, and also with reparation costs if a failure occurs. Strategies 1 and 2 use the

same settings for government compensation in case of a flood, insurance rate and

level of compensation from the insurer. Today, the use of insurance is close to non-

existent in the Bac Hung Hai region. Therefore, insurance rates and compensation

levels are set low. As in the case of Hungary (Ekenberg et al. 2003), premiums for a

bundled insurance are paid from the property owners to the insurance company

each year, at a certain percentage of property value where a percentage of the

bundled insurance goes specifically to flood loss compensation. Therefore, in this

chapter, for all strategies the poverty rate is set to 30% (GSO 2005). Households

that are poor may not afford to purchase insurance. In the simulation model, it is

possible to implement subsidized insurance for these households.

Strategy 1 uses less funding for warning systems and education, i.e. not enough

to reach the threshold to reduce damages. In Strategy 2, however, probabilities for

flood failures are reduced. Furthermore, the costs for borrowing money and/or

receiving funding from donors are different for the strategies. In Strategy 2,

donor assistance is provided from agencies and NGOs with different amounts

depending on failure scenario, but there are no donor contributions in the case of

Strategy 1. In Strategy 1, the amount of borrowed funding is assumed to be 40%

higher compared to Strategy 2. If two or more failures occur within a time period, it

decreases the compensation. In Strategy 2 it is assumed to decrease by 30% as

compared to Strategy 1. The cost for reparations of overtopping and levee breach

are the same for all strategies. In Strategy 3 we use different settings to illustrate

different possible coping strategies where a mandatory fee, which goes to a

catastrophe fund, is charged from all property owners. In this strategy, if an event

occurs, the government compensates the property owners. No donations or aid are

given and maintenance spending is enough to decrease the probabilities for failure,

but no funds are provided for warning measures or education.
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4.10 Analysis of Strategies

4.10.1 The Decision Tree

The decision tool automatically creates decision trees using the data provided by

the simulation model. One tree is created for each group of stakeholders or an

individual stakeholder if requested. In this study, each tree consists of three

alternatives representing the different strategies. Each tree represents one criterion:

economic, social/health, or environmental. In the economic/financial criterion tree,

the alternatives lead directly to the consequences, that is, taking into consideration

all possible outcomes per each time period during the simulation. The other criteria

trees are created by the project members, not by the simulation tool, since they

contain soft data. Here, each alternative consists of events before leading on to the

possible criteria consequences.

To construct the criteria trees, the actual flood events that occurred in the

simulation round are used to create event nodes (see E10 in Fig. 4.3 for an example

of an event node). Thus, the occurrence of each specific flood for each year is saved

in a matrix, and each unique sequence per time period is sorted out. In this pilot

study, 23 unique outcomes where generated. It should be noted that the order of

occurrences is taken into consideration. Thus, for instance, if two levee breaches

s occur at the same location within a time period, it affects borrowing, damage rate,

reparation costs, etc. The propositions of stakeholders are represented in a tree

under each criterion. Each such tree contains all strategies and their consequences.

This is modelled for all stakeholders and all criteria in a layered master model. This

provides the decision maker with multiple layers of decision trees to evaluate all

together or separately. See Fig. 4.2. Based on real probability data concerning each

flood, the event node probability is calculated accordingly as

pðF1Þ � ð1� pðF1ÞÞ9 � pðF2Þ � ð1� pðF2ÞÞ9 � 45. (4.1)

In Eq. (4.1), we calculate the probability for two floods occurring within a time

period. F1 corresponds to a specific flood probability, for instance levee breach at

location 1. The probability for each flood concerns one single year and not the

accumulated risk. In Eq. (4.1), one type of flood F1 has occurred during the 10-year

period as well as one type of flood F2. Since this concerns an entire 10-year time

period, we multiply it by the binominal coefficient

n
k

� �

where n corresponds to the number of possible outcomes and k corresponds to the

number of floods. However, since in this case the order of the floods is important,

we have taken this into consideration. Hence, there are 45 different alternative
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placements. The same method is used to calculate the probability of an event node

when three floods have occurred within a time period of 10 years (see Eq. 4.2).

pðF1Þ � ð1� pðF1ÞÞ9 � pðF2Þ � ð1� pðF2ÞÞ9 � pðF3Þ � ð1� pðF3ÞÞ9 � 120. (4.2)

Fig. 4.2 Layers of decision trees for evaluation

Fig. 4.3 Government environmental criteria tree

4 Multiple Criteria Decision Making for Flood Risk Management 65



Since it is difficult to calculate the exact value (for instance of an environmental

consequence), each consequence could be assigned a preference order instead. For

example, in Fig. 4.3, the event node E10 denotes the consequence after three types

of floods have occurred within a 10-year period, two levee breaches at location 4

and one overtopping at location 4. Here, we can state that the consequence C29 is

worse than consequence C32 where only one flood, a levee breach at location 2,

occurred over a period of 10 years. As a further example, we can state that for the

government, it is worse if the drinking water is polluted (C30) than if the mangrove

is destroyed (C31), see Figs. 4.3 and 4.4.

In Fig. 4.4, the consequences are displayed with their preference orders. This

figure is an overview of all the consequences without providing details. However, it

can be seen that consequence C30 is preferred to consequence C31 since C30 is

located above C31. The preference order and the consequences can be different for

each stakeholder. Instead of ordering the consequences in preference order, there is

a possibility to assign values to the consequences, or orderings and values can be

mixed as appropriate.2

4.10.2 Comparing Stakeholders

A conservative approach was taken for the evaluations of the social and environmen-

tal criteria. No on-site data was available. Instead, the preference order of the

consequences was used as input data. No explicit numerical weights were used;

instead importance rankings were used as input data. A more distinct difference

between the strategies regarding economic impacts can be visualised compared to the

environmental strategies (see Fig. 4.5). Throughout the analysis, the strategies are

represented as alternatives in the figures; hence, Strategy 1 corresponds to Alt. 1.

In Fig. 4.5, the economic criteria for the government (left) and the property

owners (right) are presented in a total ranking which presents an overview of the

preference order for the alternatives using expected values. It is shown that, for the

government, Alternative 3 is better than the other two alternatives and Alternative 1

is the worst. This is interesting since Alternative 2 has a larger contribution to

education and warning systems than Alternative 1. Spending for Alternative 2 yields

a pay-off effect in terms of less damage. Thus, a lesser amount of compensation

must be provided. Alternative 3 is clearly a better choice of strategy from the

government’s perspective with mandatory fees contributing to a catastrophe fund.

However, from the property owners’ perspective, this is clearly the worst alterna-

tive financially. Furthermore, pooling money in a developing region might be

difficult in reality since often there is little money to pool.

2 Sometimes, these estimates are difficult to provide. Bana e Costa and Soares de Oliveira (2004)

suggest a method that can be applied to such estimates, the MACBETH method (Measuring

Attractiveness by a Categorical Based Evaluation Technique).
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4.10.3 Weighting All Stakeholders Equally

In Fig. 4.6, the results for each criterion are shown when the preferences of all

stakeholders are weighted equally. The figure on the left illustrates the economic

criterion; the middle figure illustrates the environmental criterion, and the figure on

the right the social criterion. In the figure, all possible numerical values consistent

with the information in the decision problem are taken into consideration. The

y-axis scale is normalized to [�1, 1] with �1 representing the worst and 1 the best

possible outcome. For the economic criterion, Strategy 1 is the worst strategy, and

Fig. 4.4 Government environmental criteria, preference order

Fig. 4.5 Total ranking –

government and property

owners
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Strategy 3 is very slightly preferable to Strategy 2. In Strategy 1, there is less

investment in non-structural pre-mitigation measures, leading to increased risk and

also to increased losses for property owners and the government. The largest deficit

for Strategy 1 is �7.4 MUSD which was experienced by the government. In the

middle, the environmental criterion is presented, and we can see that Strategy 1 is

slightly preferable to Strategies 2 and 3. To the right, the criterion concerning social

aspects and health is presented. The results for this criterion are similar. Thus, for

this particular study, only a basic preference order is set without on-site stakeholder

interviews.

Note that the settings above are for discussion purposes only and do not reflect

the views of the authors. The purpose is to demonstrate the general applicability of

the framework. During this study, we elaborated with several settings on the

ranking of the criteria. For instance, in the settings above, we assumed that the

economic criterion is the prominent rank for the government, followed by the social

and the environmental criteria in no specific order. The insurer was given the same

ranking, with a larger interval between the financial and the other criteria. The

NGOs were given the opposite settings where the social and the environmental

criteria were ranked higher than the financial. For the individuals, the financial

criterion was ranked the highest followed closely by the social criterion and finally

the environmental. In the modelling below, all criteria were ranked equally.

4.10.4 Pareto Optimal Solution

In Fig. 4.7, all stakeholders and all criteria are equally weighted. A Pareto optimal

solution with no restrictions shows that Strategy 3 is the preferred choice. The

Fig. 4.6 Economic criterion (left), environmental criterion (middle), and social/health criterion

(right)
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difference between Strategies 1 and 2 is small and needs further study to be

conclusive. Both these are inferior to Strategy 3. However, note that Strategy 3

does not contain direct non-structural mitigation measures affecting the environ-

mental and social criteria, but maintenance spending is enough to decrease the

probabilities for failure. No further donations or aid are given. No funds are

provided for warning measures or education.

Note that the described setup can also include stakeholder rankings. This is a

sensitive matter and should be handled with care when modelling. Nevertheless,

when the results of the possible strategies are equal, it might be meaningful to

investigate the effects of an explicit stakeholder ranking.

4.11 Concluding Remarks

Improved methodologies and tools are needed to assess how government flood

policies meet the multiple criteria objectives of the different stakeholders, and to

evaluate different and contending policy strategies.

This paper has demonstrated a multi-criteria perspective in a framework for

analysing flood management strategies. Floods are characterized not only by their

economic consequences, but also by consequences that are difficult to quantify,

such as loss of cultural/historical buildings or the destruction of environmentally

sensitive areas. It has proven possible to include multiple criteria and combine them

with the economic consequences for flood management decision making.

The study focused on a small polder in Viet Nam. It did not include fixed values

for the social and environmental consequences. It was shown that assessing

outcomes with preference orders for the consequences cannot provide clearly

differentiated results. By assigning criteria weights, a more distinct result was

obtained.

Fig. 4.7 All criteria and

stakeholders are equally

weighted
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Valcárcel V (2004) Job opportunities arise from Colombia’s floodwaters. International federation

of Red Cross and Red Crescent societies. 16 November. http://www.ifrc.org/docs/news/04/

04111601/. Accessed 22 July 2006

van Ogtrop F, Hoekstra F, Arjen Y, van der Meulen F (2005) Flood management in the lower

Incomati river basin,Mozambique, two alternatives. J Am Water Resour Assoc 41(3):607–619
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Chapter 5

Dams and Catastrophe Risk: Discounting

in Long Term Planning

Tatiana Ermolieva, Yuri Ermoliev, Michael Obersteiner, Marek Makowski,

and Günther Fischer

Abstract Planning dams for regional economic developments and social welfare

without addressing issues related to catastrophic risks may lead to dangerous

clustering of people, production facilities, and infrastructure in hazard-prone

areas. The concerned region may be exposed to very large losses from the low

probability-high consequence event of a dam break. Endogeneity of risks on land

use decisions represents new challenges for dam development planning. In this

chapter we discuss an integrated risk management model that allows the planners to

deal in a consistent way with the multiple aspects, views and objectives of dam

projects. We introduce the notion of robust decisions, which are considered safe,

flexible, and optimal because they account for multiple criteria, risks and

heterogeneities of locations and stakeholders. Specific attention is paid to the

choice of proper discount factors to address long-term planning perspectives of

dam construction and maintenance. We illustrate how the misperception of proper

discounting in the presence of potential catastrophic events may overlook the need

for dam maintenance and undermine regional safety. The proposed model can be

used as a learning-by-simulation tool for designing robust regulations and policies.
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• Catastrophic risks • Multi-agent decision making • Safety constraints • Robust

decisions

5.1 Introduction

The controversial debate about dams (World Commission on Dams 2000) is a

debate about the very meaning, purpose and pathways for achieving development.

Dams have been built for thousands of years to serve multiple purposes: to store

water for hydropower, for household supply and for industrial or agricultural uses.

Dams are beneficial for food security, and the expansion of infrastructure is

important for micro- and macro-economic developments.

As a rule, the reliance on dams as powerful infrastructures results in the

clustering of industries, people, capital, and increasing production intensity and

population density in vicinal areas. On the one hand, dams may provide protection

from frequent small floods; on the other hand, they create a possibility of rare but

high-consequence disasters if they break. The reliance on dams in the absence of

appropriate reinforcements and maintenance contributed to the Katrina hurricane

disaster in New Orleans. As investigated by the American Society of Civil

Engineers “A large portion of the destruction from Hurricane Katrina was caused

not only by the storm itself, however, but also by the storm’s exposure of engineer-

ing and engineering-related policy failures. The levees and floodwalls breached

because of a combination of unfortunate choices and decisions, made over many

years, at almost all levels of responsibility” (Andersen et al. 2007).

In his studies, Hirschberg et al. (1998) warned about the catastrophic risk of

dams, retrieving data on frequency of dams failures and fatalities by different dam

types (Fig. 5.1 and Table 5.1).

The traditional analysis of dam safety is often restricted to the use of engineering

models and safety assessment approaches (Harrald 2004; RESCDAM 2001). The

first guideline for dam risk assessment was introduced in 1968 after the Malpasset

dam failure in France that was responsible for more than 400 injuries. After that

accident, a Permanent Technical Committee for Dams (CTPB) was constituted in

France, which issued a decree that made emergency plans compulsory for owners or

managers of large dams, including a simulation of the “would-be-flood” scenarios,

along with assessment of consequence maps showing flooded areas, wave arrival

times and potential losses (Harrald 2004; RESCDAM 2001).

However, uncertainties in the assessment may cause dramatic underestimation

of potential consequences and related management strategies. As admitted in

RESCDAM 2001, the breach formation model, the water flow interactions with

infrastructures (bridges, embankments, channels, etc.), flow in urban areas, move-

ment of sediment and debris, are among the major uncertain processes affecting

dam risk assessment. Usually, the design of dams relies on the so-called “probable

maximum flood (PMF)” or “maximum limit level of risk” (Bowles 2001, 2007;

IAEA 1992), which have become standard criteria over the past decades (CETS

1985; Jansen 1988). However, the PMF calculation uses a combination of facts,
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theory and expert opinions. Alternative groups of experts may arrive at different

evaluation of PMF. The discrepancies in opinions arise from technical, scientific

and ethical issues (CETS 1985; Jansen 1988) underlying the professional judgments,

different evaluation methodologies of the estimators, and values considered in the

selection of design safety objectives.1

As in other development programs, conflicting criteria may exist between

economic efficiency and equity or ethics. Economic objectives seek to maximize

benefits over costs, while equity objectives seek to find a balance between the

expenditures borne by the dam owners (for dam construction and reinforcement)

and the other parties, namely, those who may benefit from the dam and those who

may be harmed or disadvantaged by the dam (World Commission on Dams 2000).

Because of uncertainties and ambiguities, usual risk assessment methodologies are

not able to determine the optimum measures to attain the economic objectives.

Moreover, as we show in Sects. 5.4 and 5.5, building up public perception of dam

safety on existing assessment methodologies may be dangerous. In Sect. 5.2 we

limit the discussion to a few typical pitfalls. More in general, the public may have

different dam acceptance criteria based on individual perception, preferences, and

values (Renn 1992).

Fig. 5.1 Frequency of dams breaks, per dam-year, (scale 10�5) (Hirschberg et al. 1998)

Table 5.1 Some major dam accidents and fatalities (Hirschberg et al. 1998)

Year Name Country Purpose Fatalities

1961 Panshet India Irrigation 1,000

1963 Vajonta Italy Hydropower 1,917

1964 Mancherla India Irrigation 1,000

1975 Shimantan China Irrig/Fl. contr. 230,000 (?)

1979 Machhu II India Irrig/Hydr/Syppl. 2,500

1980 Hirakud India Irrig/Hydr/Fl.cntrl 1,000

1993 Gouhou China Water supply 1,250
aIn this case, the disaster was caused by a massive water overflow after a landslide in the lake

upwards the dam remained intact

1 As discussed in the following, stochastic simulation allows the analysts to consider multiple

scenarios and uncertainties (see also Chap. 2 by Compton et al. in this book).
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A specific emphasis of this chapter is on the management of catastrophe risks

associated with possible dam breaks. Catastrophic losses have complex temporal

and spatial profiles and depend on location-specific land use patterns, financial and

structural mitigation decisions, and concentration of properties and population.

The design of risk management strategies calls for integrated approaches com-

bining catastrophe models (Walker 1997) with specific decision support

procedures. In Sects. 5.3, 5.4 and 5.5 we discuss an integrated modeling framework

for catastrophic risk management which is being developed at the International

Institute for Applied Systems Analysis (IIASA) (Amendola et al. 2000; Ermolieva

et al. 2003, 2008a, b; Ermolieva and Ermoliev 2005; Compton et al. 2009) and is

exemplified in other chapters of this book. In the proposed approach, the choice of

decisions in the presence of catastrophic risks is supported by a spatially explicit

and dynamic stochastic optimization model combining the goals and constraints of

the involved agents. As safety constraints of the agents, it uses economically sound

risk measures which have strong connection with the standard insolvency and

stability constraints in the insurance business and Conditional Value-at-Risk

(CVaR) type of risk measures (Artzner et al. 1999; Rockafellar and Uryasev 2000).

In Sects. 5.4 and 5.5, we illustrate the application of the model to a case study of

catastrophic floods induced by dam breaks (see Chap. 15 by Hochrainer-Stigler in

this book). Risk management decisions are being developed from the long-term

perspective of welfare growth in a region when financial reserves and land use

strategies for catastrophe risk management are evaluated over years. We discuss the

implication of extreme events on the proper choice of discounting (Sect. 5.5).

Misperceptions of discount rates may result in inadequate risk management

strategies, which in turn contribute to increasing regional vulnerability and chances

of catastrophes. In Sect. 5.6 we argue that the discount factors have to be linked to

random arrival times of potential catastrophes (“stopping time” in our models)

rather than time horizons of market interest. In general, discount rates are condi-

tional on the degree of social commitment to mitigate risk. Random extreme events

affect these rates, which alter decisions on the optimal mitigation efforts that, in

turn, may change frequency and magnitude of concerned events. This endogeneity

of the induced discounting restricts validity of traditional deterministic methods and

calls for stochastic optimisation methods. In Sects. 5.4 and 5.5, the chapter provides

insights in the nature of discounting that are critically important for developing

robust long-term risk management strategies. Section 5.6 summarizes our

conclusions towards directives and guidelines for integrated management of dam

risks.

5.2 Ethical Goals and Constraints

Equity and ethical issues should be among the most important dimensions of

dam design and maintenance. What benefits and losses the dams bring, what is a

fair way of balancing them among stakeholders – these are the main questions

(World Commission on Dams 2000). In many locations, the safety illusion that this

powerful infrastructure creates results in intensive economic growth and
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concentration of properties and industries. However, without proper maintenance,

the dams may deteriorate and cause major disasters. In many cases, as generally

for flood protection dams, the costs for their maintenance and the responsibility

for breaks are borne by central and local governments. They are the so-called

social welfare maximizers responsible for the overall social wellbeing of a region.

Meanwhile, the benefits and profits from dams are enjoyed by many other stake-

holders. Directly and indirectly, the dams enforce and enable development not

only for the current generation, but also for future generations. Therefore, mis-

evaluation and misperception of the social and individual goals are at the heart

of the debate around the (dis)utility of dams.

As far as risks are concerned, many existing dam assessment models are not

capable of informing in an adequate manner the responsible authorities and agents

(stakeholders) about the associated pros and cons. These models either focus on a

very straightforward risk assessment involving primarily engineering concepts or

use rather limited economic approaches, which do not reflect the nature of the

dispute. Let us illustrate in the following some typical pitfalls of traditional

approaches, which are overcome by the model in Sects. 5.3, 5.4 and 5.5.

5.2.1 Spatio-Temporal Heterogeneities

Temporal. The answer to ethical question about winners and losers is determined by

the risk evaluation methodology. In traditional risk assessment approaches, extreme

events are usually characterized by their expected recurrence periods, for example,

a 1,000 year flood (e.g., associated with dam break) means a flood that occurs on

average once in 1,000 years. The occurrence of a flood within a small interval t is
then evaluated by a negligible probability lt, where l reflects the event’s recurrence
period, e.g., l ¼ 1=1000. Accordingly, these events are ignored as they are

evaluated as improbable during a human lifetime. This approach is frequently

used in practical evaluations (ANCOLD 1998; Bowles 2007; CETS 1985; Jansen

1988). However, such an interpretation may be wrong over a long period, since the

probability of a catastrophe in an interval ½0; T� accumulates as 1� ð1� lDtÞT=t
� 1� e�lT. The proper assessment and management of such rare risks requires

long-term perspectives. There are large uncertainties regarding the real occurrence

of rare events: a 1,000-year flood may happen today, next year, or not happen at all.

For example, floods across Central Europe in 2002 were classified as 1,000-, 500-,

250-, and 100-year events.

Another tendency in traditional risk assessment is to evaluate potential losses by

using so-called annualization, i.e., by spreading damages, fatalities and compensa-

tion from a potential, say 50-year flood, equally over 50 years (ANCOLD 1998;

CETS 1985; Jansen 1988). The main conclusion from this type of deterministic

analysis is that catastrophic losses can be easily absorbed over time. However
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catastrophes hit as a “spike” in space and time requiring immediate financial

support and adequate recovery actions.

Spatial and social. Traditional risk assessment often ignores spatial patterns of

catastrophes. A general approach is to use so-called hazard maps. In most cases,

these maps show catastrophe patterns that may never occur because they are

developed by averaging all possible catastrophic patterns. Accordingly, social

losses in affected regions are evaluated as the sum of individual losses computed

on a location-by-location rather than pattern-by-pattern basis with respect to joint

probability distributions. This highly underestimates the real socio-economic

impacts of catastrophes dependent on simultaneous losses of assets. Furthermore

losses grow exponentially with increasing network-interdependencies.

5.2.2 Multiagent Aspects

High potential impacts from a dam break call for the cooperation of various agents

such as governments, insurers, investors, and individuals. The construction of a

dam is a long-term project and it needs to be evaluated by taking into account the

maximization of the intergenerational utility. Often, different views over the

benefits of dams arise when individuals rate their instantaneous goals higher than

the common-wealth, which results in dissent about the actions to be taken. Many

recognize the benefits, yet, it may still be unclear how the losses associated with

possible dam breaks may be shared in a fair way among the concerned agents. As

estimated by many insurance companies, the losses from major dam failures cannot

be borne by insurance or reinsurance companies alone. There is a need for appro-

priate balance between structural risk mitigation measures and risk sharing or other

financial instruments involving the main concerned public and private agents. For

this, the model provides a tool for a common learning from modeling and

simulation.

5.2.3 Safety Constraints

For each agent, the occurrence of a disaster is often associated with his or her safety

constraints, in other words, with the likelihood of some process abruptly passing

individual “vital” thresholds. The design of risk management strategies therefore

requires analysis and accounting of the safety constraints of the agents. For exam-

ple, in the insurance industry, the vital risk process is defined by flows of premiums

and claims, whereas thresholds are defined by insolvency constraints (Ermolieva

and Ermoliev 2005). A similar situation arises in the control of environmental

targets, in the balance of private incomes and losses, in the design of disaster

management programs (Ermolieva et al. 2008a, b; see also Chap. 2 by Compton

et al. in this book; Ermoliev and Hordijk 2006). Safety constraints may be
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represented as follows. Assume that there is a random process Rt describing the

evolution of the insurer’s capital reserve or accumulation of wealth in a region.

A threshold is defined by a variable rt. In spatial multiagent modeling,Rt and rt can
be large-dimensional vectors reflecting the overall situation in different locations of

a region. Let us define the stopping time t as the first moment t whenRt drops below

rt (e.g. because of catastrophic losses). By introducing appropriate risk manage-

ment decisions, it is possible to stabilize Rt ensuring the safety constraints P�
Rt � rt½ � � g, for some safety level g, t ¼ 0; 1; 2; . . . (similar to model in Sect. 5.3).

The use of safety constraints is a rather standard approach for coping with risks

in insurance, finance, nuclear industries, etc. For example, typical safety regulations

of nuclear plants require that the violation of safety constraints may occur only once

in 106 years, i.e. g ¼ 1� 10�6 (IAEA 2001). Dams seem to have higher or

comparable failure rate, see Fig. 5.1.

The ethical question about losers and winners concerns not only the evaluation

of the economic benefits and costs associated with dam operation, it also relates to

human and environmental values, which are often difficult to be appraised in

monetary terms. The respect of safety constraints allows us to control the actions

within admissible norms, say, environmental pollution, wellbeing, historical values

and cultural preferences, in particular, impose regulations constraining the growth

of wealth in risk prone areas. Therefore, in the model, ethical issues can be treated

by evaluating the overall safety coherent with spatio- temporal goals, constraints,

and indicators of involved agents – whether these are households, farmers,

governments, water supplying utilities, inhabitants downstream of the dam, or

insurance companies.

5.2.4 Discounting

One of the fundamental ethical parameters in the dam evaluation is the discount

rate. In particular, the social discount rate reflects the level to which we discount the

value of future generations’ well-being in relation to our own. A social discount rate

of 0, for example, means we value future generations’ well-being equally to our

own (Ramsey 1928). Ramsey argued that applying a positive rate r to discount

values across generations is unethical. Koopmans (see Weitzman 1999), contrary to

Ramsey, claimed that zero discount rate would imply an unacceptably low level of

current consumption.

There are several aspects of discounting to be considered in relation to dams.

Traditional approaches to evaluation of dams’ efficiency and safety (ANCOLD

1998; Bowles 2001; CETS 1985; Harrald 2004; ICOLD 2005; Jansen 1988;

Netherlands Ministry of Housing 1989) often use principles of the so-called net

present value (NPV) or modified net present value (MNPV) to justify a dam

construction project. In essence, both approaches rely on the assumption that the

project is associated with an expected stream of positive or negative cash flows

V0;V1; . . . ;VT , Vt ¼ Evt over a time horizon T � 1 . The flows may comprise

several years of negative cash values reflecting the costs of construction and
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commissioning, followed by positive cash flow during the years without essential

maintenance costs and, finally, a period of expenditures on restoration. Typically,

the spatio-temporal profiles of benefits and potential dam-induced losses are not

included in the evaluation. Assume that r is a constant prevailing market interest

rate, then alternative dam projects are compared with respect to NPV V ¼ V0 þ d1
V1 þ . . .þ dTVT , where dt ¼ dt , d ¼ ð1þ rÞ�1

, t ¼ 0; 1; . . . ; T , is the discount

factor, r the discount rate (Ermolieva et al. 2008a, b; ICOLD 2005; Weitzman 1999).

If the NPV is positive, the project has positive expected benefits and, therefore is

justifiable for implementation.

The time horizonT � 1 and the choice of a discount rate r substantially affect the
evaluation of the dam’s project. Diverse assumptions about the discount rate may

lead to dramatically different policy recommendations and management strategies,

which may induce catastrophes and contribute to increasing vulnerability of the

region.

According to Ramsey (Ramsey 1928), not facts, but ethics, are behind the choice

of the discount factor and the evaluation model Lower discount rates emphasize the

role of costs and benefits in the long term. The flat discount rate of 5–6% tradition-

ally used in dam projects (Bowles 2001; CETS 1985; Jansen 1988), as Sects. 5.4

and 5.5 show, orients the analysis on a 20–30 year time horizon. Meanwhile, the

explicit treatment of a 200-year disaster would require a discount rate of at least

0.5%. Section 5.5 shows that the expected duration of projects evaluated with

standard discount rates obtained from traditional capital markets does not exceed

a few decades and, as such, these rates cannot properly evaluate projects oriented on

1,000-, 500-, 250-, 100- year catastrophes (Ermolieva and Ermoliev 2005;

Ermolieva et al. 2003; Ermoliev and Hordijk 2006).

Disadvantages of standard NPV criterion are analyzed extensively elsewhere

(Chichilinskii 1997; Ermolieva et al. 2008a, b; Newel and Pizer 2000). In particular,

the NPV depends on some average interest rate, which may not be implementable

for evaluation of a practical project. For example, the problem that arises from the

use of the expected value Er and the discount factor ð1þ ErÞ�t
implies additional

significant reduction of future values in contrast to the real expected discount factor

Eð1þ rÞ�t
, sinceEð1þ rÞ�t>>ð1þ ErÞ�t

. In addition, the NPV does not reveal the

temporal variability of cash flow streams. Two alternative streams may easily have

the same NPV despite the fact that in one of them all the cash is clustered within a

few time periods, but in the other one it is spread out evenly over time. This type of

temporal heterogeneity is critically important for dealing with catastrophic losses

which may occur suddenly in time and space.

5.2.5 Assessment vs. Robust Solutions

The assessment of risk associated with a break of a flood protection dam is usually

performed in a scenario-by-scenario (what-if) manner with respect to the so-called
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“would-be-floods”. The exact evaluation of interdependencies between all flood

scenarios, potential strategies and related outcomes is impossible. It may easily run

into a large number of alternative combinations. Besides, a strategy optimal against

one flood may not be optimal against multiple floods. Therefore, a very important

task is the design of management strategies robust with respect to all potential flood

scenarios.

The underlying assumption of the robustness accounts for safety, flexibility, and

optimality criteria of all agents against multiple potential scenarios of catastrophic

events. Foremost, the robustness is associated with the safety constraints as

described in Sects. 5.2.3 and 5.3, which deal with the Value-at-Risk considerations.

The introduction of safety constraints identifies a trade-off between ex-ante (or

precautionary) and the ex-post (or adaptive) measures. A balance between precau-

tionary and adaptive decisions depends on financial capacities of the agents: how

much they can invest into ex-ante risk reduction measures, such as reinforcement of

dams, improving building quality or insurance coverage; and how much they are

ready to spend for recovery and loss compensation if a catastrophe occurs. The future

losses depend strongly on currently implemented strategies. The ex-post decisions

may turn out to be much costlier, and these costs occur unexpectedly. Therefore the

capacity for adaptive ex-post decisions has to be created in an ex ante manner.

5.3 Flood Management Model

Evaluation of measures to deal with dam breaks and induced floods is a challenging

task. There is a dilemma about a proper balance between the structural and financial

measures (also see Chap. 2 by Compton et al. in this book). One can argue that the

increase of safety by means of investments into structural measures may avoid the

need for other measures. In traditional dam management, for example, a typical

goal is to reduce the probability of flooding induced by a dam break to below a

certain value, the Maximum Probable Flood (MPF). Because of uncertainties in the

estimates of the MPF likelihood, the investments into dam reinforcement may be

essentially miscalculated.

In our case, to gain additional information on the interdependencies and ranges

of potential outcomes, the analyses of risks, i.e., event probability and associated

losses, are based on integrated catastrophe modeling. GIS-based Monte Carlo

computer models simulate in a stochastic manner natural disasters as they may

happen in reality. Catastrophe models incorporate the knowledge of the involved

processes, experts and stakeholders judgments, scientific equations and variables

describing them. For a flood, the latter are precipitation patterns, water discharges,

river characteristics, etc. The data for developing and tuning catastrophe models are

often available only on aggregated levels unsuitable for direct location specific

analysis. For example, rich data on occurrences of extreme events may exist on the

country level without providing information on their occurrences at specific

locations. The problem of data downscaling is typical in the analysis of
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precipitation and discharge curves, weather related disasters associated with chang-

ing climate, livestock epidemics modeling, missing location-specific socio-

economic data, etc. All these require the development of appropriate downscaling

procedures, which can be coupled with catastrophe modeling.

Indeed, catastrophe models aid scarce historical data with simulated samples

(scenarios) of mutually dependent catastrophic losses, which can be scaled down to

the level of individual households, municipalities, cities, or regions from various

natural hazards, e.g., floods, droughts, earthquakes, hurricanes, epidemics. These

models are becoming a key tool for land use planning, capital and industry alloca-

tion, emergency systems, lifeline analyses, and loss estimation.

Catastrophe models consist of three main modules: hazard, vulnerability, and a

multi-agent accounting system. In the case of floods, the hazard module contains

a river module, a rainfall-runoff, and a spatial inundation modules. The river

module performs calculations for a specific river. The main elements of a river

network are branches. Each branch contains several computational grid points, and

several branches are connected with nodes into a network. The mathematical model

of a branch is based on a Saint-Venant system of partial differential equations of

1-D flow mass and momentum conservation. The module transforms rainfall-runoff

water discharges into the flow dynamics using a representation of conservation

laws. Additional information on structures, reservoirs or dams along the river is

introduced. The river module may calculate the volume of discharged water into the

study region from different river branches for given heights of dams, given

scenarios of their failures or removals, and rainfall-runoff scenarios. Modeling of

breaching may be introduced as a gated weir.

The spatial GIS-based inundation module usually has a very fine resolution, say,

of 5 by 5 m grids, to capture ground elevations, soil types, water percolation

characteristics, etc. This module maps water released from the river into levels of

standing water and, thus, it estimates the area of the region affected by different

floods. For each flood event it is possible to estimate two types of maps: Inundation
maps that show the depth of standing water and Duration maps that represent how

long the water is standing on a floodplain. The module may calculate inundation

zones with inundation level of 0–2, 2–4 and more than 4 m. Duration maps show

zones covered by water, e.g., for less than 12, 12–24, 24–48 and more than 48 h.

Combination of inundation and duration maps provide time-depth-area relations,

which are used in the vulnerability module for estimation of losses caused by a

flood.

In the vulnerability module, a combination of inundation and duration maps with

so called vulnerability curves estimates potential flood losses. These can be agri-

cultural losses depending on the inundation time, the crop and the time of the year;

property losses in buildings, depending on the depth and duration of a flood, as well

as deterioration of buildings material (wood, concrete, brick etc.). Usually, vulner-

ability curves are derived from historical observations. If there is no detailed GIS

information on types of buildings in a case study region, the loss estimation can be

done in relative or percentage terms. For example, in a certain sub-area of the region

the damages to wooden houses are 50% of total building value, brick houses – 40%,
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and concrete houses – 10% (see Amendola et al. 2000; Ermolieva and Ermoliev 2005

and related references therein). Once the GIS distribution of building types becomes

available, the relative losses can be converted into absolute ones. The vulnerability

module is able to indicate changes in losses depending on changes in risk reduction

measures. As an output, histograms of aggregate losses for a single location, a

particular catastrophe zone, a country or worldwide can be derived from catastrophe

modeling.

The integrated catastrophe model includes modules related to multiagent

activities (multi-agent accounting system), e.g., farmers, infrastructure, businesses,

water management, economic, financial, (re)insurance, investors, households, etc.

Such multiagent accounting systems share catastrophic impacts among losses and

gains of concerned agents and measure their exposure as a function of implemented

strategies. These modules assist to tailor decisions accounting for complex inter-

play between the rainfall-runoff patterns, topography of the river, land use

practices, flood defense measures in place, towards fulfillment of safety and stabil-

ity constraints of agents. The outputs from a catastrophe model could show the

distribution of impacts to farmers (both the distribution and across the whole

sector), water authorities, urban dwellers, insurers, governmental representatives.

However, catastrophe models usually do not incorporate decision-making

procedures. The integrated catastrophe management model proposed below

combines catastrophe modeling and stochastic optimization procedures. Stochastic

optimization (Ermoliev and Wets 1988) provides the framework necessary for

incorporating interactions among decisions, agents, scenarios of catastrophes and

losses into the catastrophe models (Ermoliev et al. 2000; Ermolieva and Ermoliev

2005; Ermoliev and Hordijk 2006). Adaptive Monte Carlo stochastic optimization

works as follows: initial policy variables are input in the catastrophe model. The

latter simulates a catastrophe and induced direct and indirect losses. The efficiency

of the policies is evaluated with respect to safety (Sect. 5.2.3) performance

indicators of the agents, e.g., water authorities, governments, individuals, farmers,

insurers, insured, etc. If these do not fulfill the desired requirements, goals and

constraints, the policies are further adjusted. In this manner it is possible to take into

account complex interdependencies between patterns of catastrophes, resulting

losses, policies, and safety constraints. A crucial aspect is the selection of safety

constraints appropriately reflecting the risks of agents, e.g., to avoid bankruptcies.

Contrary to risk assessment, the integrated catastrophe management model

estimates robust decisions, which are safe, flexible, and near to optimal, taking

into account multiple criteria and heterogeneities of agents and locations affected

by catastrophes. These new spatial, temporal and multi-agent distributional aspects

of the integrated catastrophe management model might be the basis for policy

development and implementation processes. These advantages have been explored

in Amendola et al. 2000; Ermolieva et al. 2003, 2008a, b; Ermoliev et al. 2000 for

the case of insurers, illustrating how the sequential optimization can improve the

policies and lead them towards goals and constraints of multiple agents, e.g., on the

part of insurers – to their optimal fair coverages of losses, and on the part of insured –

to fair premiums, in an environment of spatial and temporal dependencies. Such
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improved policies suggest robust conclusions on the insurability of catastrophic risks,

providing profits and stability to insurers and premium holders.

Furthermore, in contrast to models that are solely focused on simulation-based

assessment of loss prevention or loss reduction measures, the multi-agent multi-

objective risk-reduction and risk-sharing orientation make integrated catastrophe

management models suitable for their applicability to negotiation processes. The

ability of a model to clarify the results of a particular decision on the distribution of

losses and benefits or to reveal potential unintended consequences allows parties to

examine and identify robust policies and decisions within their own interests. The

IIASA Tisza study (see Ekenberg et al. 2003; Ermolieva et al. 2003, 2008a, b, and

the relevant chapters in Part III of this book) and earthquake risks management

(see Amendola et al. 2000; Baranov et al. 2002; Ermolieva and Ermoliev 2005)

examined the use of integrated catastrophe management models in the negotiations

between stakeholders (including citizens, local and national government officials,

engineers, and insurers) dealing with flood risks on the Tisza River and with policy

relevant discussions of earthquake risks management for insurance legislation in

Italy and Russia. The use of catastrophe models to examine the concrete impacts of

different concepts of fairness as a tool in negotiations on risk may prove to be one of

the most novel applications of the technique.

5.4 Case Study

We illustrate the main idea of the proposed integrated catastrophe management

model by a fragment of flood risks case study on Tisza river in Hungary and

Ukraine (Ekenberg et al. 2003; Ermolieva et al. 2003; Ermolieva and Ermoliev

2005) emphasizing the role of discounting for evaluation of catastrophic risks

management decisions.

The main concern in the case study was the possibility of catastrophic floods due

to dam breaks. The problem was to estimate the optimal reserve of a catastrophe

fund to finance flood management measures including costs for dams’ maintenance

and loss coverage to households if dam break provokes a flood. Floods could be

caused by the break of one of nine dams, which may occur as a result of a 100-, 150-

and 1,000-year water discharge event into a specific river section of the region. The

reliability of dams decreases without proper maintenance, which increases the

chances of their failures. The system is modeled until a first catastrophic flood

induced by dam break within a given time horizon. This moment is defined as the

stopping time.

Letxbe the time of a dam break. The stopping time is defined as t ¼ x forx � T
and t ¼ T forx> T. Let us denote byLtj random losses at sub-location j in the study
region, at time t ¼ t, j ¼ 1;m, and by ptj the premium rate paid by location j to the

mutual catastrophe fund at time t ¼ 0; 1; . . . . Let dt be expenditures enabling to

support the system of dikes on a specific safety level. The wealth of the fund at
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time t together with a fixed partial compensation of losses w
P

j

Ltj by the

government is equal to

Wt ¼
Xt

t¼0

X

j

ptj þ It þ w
X

j

Ltj �
X

j

’t
j L

t
j � dt

 !

(5.1)

where Ltj ¼ 0 for t 6¼ x, 0 � ’t
j � 1, is a coverage provided to location j by the

catastrophe fund,
P

j

ptj are premiums paid by locations to the fund, It is an

exogenously determined governmental investment into the fund for dike mainte-

nance and partial coverage of losses. It is assumed that the compensation w
P

j

Ltj to

flood victims is paid by the government through the mutual fund. Indicators applied

to describe the vulnerability of the flood management program are associated with

insolvency of the fund, i.e., with crossing the threshold 0 byWt. In other words, on

the probability of the event defined by inequality:

Wt <0 (5.2)

The likelihood of insolvency determines the resilience of the program and, thus,

the vulnerability of the region and its capability to sustain a catastrophe:

P Wt <0½ � � g; (5.3)

where g is a specified “survival” level requiring, say, that a collapse of the fund may

occur only once in 104 years, g ¼ 10�4.

Individuals (at locations) j receive compensation ’t
j L

t
j from the fund when

losses occur, and pay insurance premiums ptj to support catastrophe mitigation

program involving dams maintenance for t ¼ 0; 1; . . . ; t.
The fairness of the flood management program is associated with the lack of

overpayments by individuals determined by the indicator

f tj ¼
Xt

t¼0
ptj � ’jL

t
j

� �
> 0; j ¼ 1;m; (5.4)

i.e., when the level of premiums paid by a location to the fund exceeds the level of

claimed losses. This is specified in the form of probabilistic constraints

P f tj > 0
� �

� r; j ¼ 1;m; (5.5)

where r ensures the fairness by allowing overpayments with a reasonable likeli-

hood, say, only once in 100 years, r ¼ 0:01. Sustainable performance of the fund

depends on the inflow of premiums determined by the willingness of individuals to

accept the premiums, which, in turn depends on the probability of premiums

overpayments (5.5).
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Each agent in the model is concerned with maximizing his wealth and

minimizing risks of insolvency which to major extent determine the feasibility

and the demand for insurance. The main goal of the program can be formulated as

the minimization of uncovered losses to households together with governmental aid

and investments subject to (5.3) and (5.5):

FðxÞ ¼ EbX
j
ð1� ’t

j Þ Ltjþw
X

j
Ltj þ

Xt

t¼0
Itc: (5.6)

It can be shown that minimization of function

FðxÞ þ Em0 maxf0;Wtg þ E
X

j
mj maxf0; f tj g (5.7)

5.4.1 Discounting and Robust Decisions

The traditional risk assessment analysis often relies on discounting future losses and

gains to their present values. These evaluations are used to justify risk management

decisions for examples such as construction and maintenance of flood protection

dams. The misperception of proper discounting rates critically affects evaluations

and may be rather misleading. A common approach is to discount future costs and

benefits using a geometric (exponential) discount factors as V ¼P1
t¼0 dtVt, where

dt ¼ ð1þ rÞ�t
, r is a discount rate, and Vt ¼ Evt is an expected cash flow for some

random variables vt , t ¼ 0; 1; . . .. According to this standard approach, the

minimization of function (5.6) has to be replaced by minimization of expected

present value

VðxÞ ¼
X1

t¼0
dtVt; (5.8)

where

Vt ¼ E
X

j
ð1� ’t

jÞLtj þ w
X

j
Ltj þ It

h i
: (5.9)

The infinite time horizon in VðxÞ creates an illusion of truly long-term analysis.

The choice of discount rate r as a market interest rate within a time horizon of

existing financial markets is well established. The following simple fact shows that

the standard discount factors obtained from markets orient policy analysis only to

few decades, which is not appropriate for catastrophic impacts.

Let p ¼ 1� d, d ¼ ð1þ rÞ�1
, q ¼ 1� p, and let � be a random variable with

the geometric probability distribution P½� ¼ t� ¼ pqt, Vt ¼ Evt , where random

variables vt are independent of vtþ1, vtþ2, . . .. It is easy to see that

X1
t¼0

dtVt ¼ E
X�

t¼0
vt; (5.10)
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where d ¼ dt, t ¼ 0; 1; . . . . This is also true for general discounting dt ¼ ð1þ rtÞ�t

with time varying discount rate rt , where the stopping time is defined as P½� � t�
¼ dt . From (5.10) follows, that (5.8) can be written as undiscounted random sum

with a new stopping time s instead t:

VðxÞ ¼ E
X

j
ð1� ’s

j ÞLsj þ w
X

j
Lsj

� �
þ
Xs

t¼0
It; s ¼ minð�; tÞ; (5.11)

i.e., standard criterion (5.10) unlike proposed undiscounted criterion (5.11) orients

the long-term evaluation of risk management decisions on time horizons not

exceeding random horizon � associated with market interest rate r.
The expected duration of �, E� ¼ 1=p ¼ 1þ 1=r � 1=r for small r. The same

holds for the standard deviation s ¼ ffiffiffi
q

p
=p. Therefore, for the interest rate of 3.5%,

r � 0:035, the expected duration is E� � 30 years, i.e., this rate orients the policy

analysis on an expected 30-year time horizon. Certainly, this horizon has no relation

to how society has to deal with, say, an expected 100-, 150-, 300-, 1,000- year

catastrophe flood. It is essential that the proposed undiscounted criterion (5.6) links

the long term evaluation of risk management decisions to horizons t of potential

catastrophic events rather than horizons of market interests. In this sense, the use of

stopping time and undiscounted criterion (5.11) instead of standard discounted

criterion (5.10) leads to robust flood management decisions, which are sensitive

to rare catastrophic events under the analysis. That is, in the presence of cata-

strophic events, robust decisions are fundamentally different from decisions ignor-

ing them.

5.5 Risk Communication, Public Perception and Participation

Communication of dam risks with the public plays a crucial role in ensuring that a

community assumes the correct attitude towards dams, understands the risks posed

by a dam versus benefits that it offers, and promotes efforts for better dam

maintenance and regulations for land use planning and control (Amendola 2001).

A correct risk communication may build upon a set of robust strategies derived

with an integrated management framework described above. The model does not

provide exact remedies and answers as to the costs and benefits of each individual

alternative, rather it identifies the preference structure for the actions. Let us

illustrate how very simple order of actions having relation to discounting may

contribute to increasing the safety of a region over a long time period.

5.5.1 Intertemporal Inconsistency of Discounting

In the case of a flood management program outlined in Sect. 5.3 (Project Pro-

posal 2000), the problem of dam maintenance is considered to be a community

responsibility. Public awareness is characterized by the perception of actions
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required to maintain a system of dams. In the simplest case, this may be reflected in

the choice of an appropriate discounting factor. There may be several major

differences in discounting approaches. For example, underestimation of dam risks

may lead to the choice of the so-called time consistent discounting.

Time consistent discounting means that the evaluation of a project today (t ¼ 0),

will have the same discount factor as the evaluation of the same project after any

time interval ½0; T� in the future. Hence, independently of waiting time t delayed
until the implementation of the actions, the probability of the stopping time

occurrence (dam break) at tþ s is the same, as at the initial time moment t ¼ 0.

For example, traditional geometric or exponential discounting used in risk

assessment, dt ¼ dt ¼ eðln dÞt ¼ e�lt, l ¼ � ln d, defines time consistent preference:

X1
t¼0

dtVt ¼ V0 þ dV1 þ . . .þ dT�1VT�1 þ dT VT þ dVTþ1 þ . . .½ �:

This is also connected with the geometric probability distribution of the discount

related stopping time t in (5.2), (5.3):

if P t � t½ � ¼ dt, 0<d<1, then P t ¼ t½ � ¼ dt � dtþ1 ¼ ð1� dÞdt, t ¼ 0; 1; . . . .

In reality, dams wear out and the probability of their failure changes with time,

i.e., the discount factors have explicit time-dependent structure. The time inconsis-

tency of delayed projects requires appropriate adjustments of discount factors for

projects undertaken later rather than earlier. If a community is responsible for dam

maintenance, as in the program outlined in Sect. 5.3, the misperception of this

inconsistency may provoke increasing vulnerability and catastrophic losses. Let us

consider typical scenarios of such developments.

5.5.2 Commitment to Actions

The analysis of social commitments to mitigate risks would require sociological

studies which are outside the scope of our work. We only exemplify possible

courses of (in-)actions after the model by Winkler (2006) who has defined a

naı̈ve, a sophisticated and a committed (ideal) community. The main differences

between these communities and how their inappropriate choice of discounting

can result in wrong decisions are studied in Ermolieva et al. 2008a, b. Below we

summarize the main idea. Let us assume that planning of actions to mitigate flood

risk has a fixed 100-year horizon T, in which three communities, the naı̈ve, the

sophisticated, and the committed, live and plan for coping with the catastrophic

losses that may occur due to break of a dike from 150-year flood with a time

consistent geometric probability distribution. The communities are able to maintain

the reliability of dams by collecting money in a catastrophe fund for further

investing them into dam retrofitting. But, depending on their perception of risk

profiles or induced discounting, the results may be dramatically different.
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The current generation of the Naı̈ve Community is aware of a possible catastro-
phe but it has a misleading view on the catastrophe, namely, if the catastrophe has

not occurred in the previous generation the community believes that there is the

same probability that it will not occur within the current generation. Thus, it relies

on the geometric probability distribution and fails to take into account the increas-

ing probability of a dike break due to aging processes. The risk profiles, time

preferences, premiums, and retrofitting actions are not adjusted towards the real

escalating risks. In a similar way behave the other generations of the Naı̈ve

community. The plans are never implemented and the view on a catastrophe

remains time-invariant despite dramatic increase of risk.

The Sophisticated Community, even if it has a correct understanding of the

time-inconsistent discounting induced by the deteriorating dams, postpones the

decisions because they value much more the present welfare and prefer to pay

larger premiums delaying the actions. Due to these delays, the risk burden is

increasingly shifted to the next generation, calculated premiums become higher

and higher. If a catastrophe occurs, the region will also not be prepared to cope -

with losses as ex-ante risk financing measures are not implemented. The unpre-

paredness of these communities can be explained by their misperception of risks,

and, the lack of commitment to act.

In contrast, the Committed Community is able to implement decisions, they

understand that the delays in actions may dramatically affect individuals and the

growth of societies as a whole. Individuals could be better off if their consumption

options were limited and their choices constrained by anticipated risks. As a direct

consequence of the committed actions, the premiums that the members of commu-

nity pay for coping with catastrophes become much lower than those of the

sophisticated one.

5.6 Some Conclusions for Policy Evaluations

Explicit full representation of dam break risks represents new challenges for dam

development planning. Pure engineering approaches, risk assessment strategies and

tolerability curves are not sufficient to reflect complex interdependencies between

technical and societal (ethical) criteria. According to a risk tolerability approach,

the cost-effectiveness of risk reduction measures relies on the ratio of the

annualized costs of risk-reduction measures divided by the annualized losses.

This approach is typical to currently existing cost-benefit analysis. However, the

major challenge for dam evaluation is the ability to account for the endogeneity of

risks affecting large territories and to design robust strategies to simultaneously

improve the well-being of multiple agents across generations. This requires the

development of new type of spatio-temporal integrated models and decision sup-

port procedures, where evaluation of dam safety is connected with the evaluation of

the overall safety of socio-economic and developments. The safety constraints are

represented in the form of vital thresholds. In regulations of insurance business this
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type of constraints is called Value-at-Risk measure indicating that an insurer may

become bankrupt only within the time interval specified by the board of insurers. In

stochastic optimization, these are called probabilistic or chance constraints. They

introduce implicit risk aversion in the selection of risk management strategies and,

therefore, stress the importance of ex-ante mitigation measures.

Rare catastrophes set a restriction on the choice of discounting for evaluation of

dam projects. Traditional discounting rates, based on a lifespan of current financial

markets, set evaluation horizons only for 20–30 years, which may dramatically

underestimate potential dam break losses and contribute to increasing vulnerability

of the society. For the evaluation of “catastrophic” projects, say, long-term

investments into a dam system, the discount factors have to be relevant for the

expected horizons of potential catastrophes.

Our conclusion is that the integration of multiple models, concepts and views

within a catastrophe management model is feasible and yields valuable insights

into the robustness of the different mitigation alternatives. Major challenges,

though, are due to the different perception and representation of the dam risks

by agents and different disciplines. The studies suggest that integration of models

and views is not simply a sum of individual components. The development of a

truly integrated model should be at the basis of a societal process of model-based

learning-by-simulations and communication of results. The model becomes a

truly valuable tool if academic experience and expertise provides rigorous

proofs and examples of where and how it can be used and what are the related

consequences.

Acknowledgements The authors are grateful to Aniello Amendola for valuable suggestions and

references that he provided for improving the chapter.

The chapter is partially based on a paper published in the book “Dam-break Problems,

Solutions and Case Studies”, Wrachien and Mambretti (eds), WIT Press, Southampton, UK,

pp. 241–272. Permission by the Publisher to use previous material is gratefully acknowledged.

References

Amendola A (2001) Integrated management of technological disasters, first annual IIASA-DPRI

meeting on integrated disaster risk management: reducing socio-economic vulnerability.

IIASA, Laxenburg, Austria, 1–4 Aug 2000. http://www.iiasa.ac.at/Research/RMS/dpri2001

Amendola A, Ermoliev Y, Ermolieva T (2000) Earthquake risk management: a case study for an

Italian region. In: Proceedings of the second Euroconference on global change and catastrophe

risk management: earthquake risks in Europe. IIASA, Laxenburg, Austria 6–9 July 2000

ANCOLD (1998) Guidelines on risk assessment. Working group on risk assessment. Australian

National Committee on Large Dams, Sydney, NSW, Australia

Andersen CF, Battjes JA, Daniel DE, Edge B, Espey W, Gilbert RB, Jackson TL, Kennedy D,

Mileti DS, Mitchell JK, Nicholson P, Pugh CA, Tamaro G, Traver R, Buhrman J, Dinges CV,

Durrant JE, Howell J, Roth LH (2007) The New Orleans hurricane protection system: what

went wrong and why. American Society of Civil Engineers, Reston

Artzner P, Delbaen F, Eber JM, Heath D (1999) Coherent measures of risk. Math Financ 9

(3):203–228

90 T. Ermolieva et al.

http://www.iiasa.ac.at/Research/RMS/dpri2001


IAEA (International Atomic Energy Agency) (1992) The role of probabilistic safety assessment

and probabilistic safety criteria in nuclear power plant safety. Safety series no. 106. IAEA,

Vienna, Austria

IAEA (International Atomic Energy Agency) (2001) Applications of probabilistic safety assess-

ment (Psa) for nuclear power plants IAEA-TECDOC-1200, Vienna, Austria

Baranov S, Digas B, Ermolieva T, Rozenberg V (2002) Earthquake risk management: a scenario

generator. International Institute Applied Systems Analysis, Interim report IR-02-025,

Laxenburg, Austria

Bowles D (2001) Evaluation and use of risk estimates in dam safety decisionmaking.

In: Proceedings of the united engineering foundation conference on risk-based decision-

making in water resources IX, 20-year retrospective and prospective of risk-based decision-

making, Santa Barbara, California. American Society of Civil Engineers, Aug 2001

Bowles D (2007) Tolerable risk of dams: how safe is safe enough? In: Proceedings of dams annual

conference, Philadelphia, PA, Mar 2007

Chichilinskii G (1997) What is sustainable development? Land Econ 73:467–491

Commissions on Engineering and Technical Systems (CETS) (1985) Safety of dams: flood and

earthquake criteria. http://www.nap.edu/openbook.php?record_id¼288&page¼11

Compton KL, Faber R, Ermolieva TY, Linnerooth-Bayer J, Nachtnebel H-P (2009) Uncertainty

and disaster risk management: modeling the flash flood risk to Vienna and its subway system.

International Institute Applied Systems Analysis, IIASA research report RR-09-002,

Laxenburg, Austria

Ekenberg L, Brouwers L, Danielson M, Hansson K, Johannson J, Riabacke A, Vári A (2003) Flood
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Chapter 6

Modeling Aggregate Economic Risk:

An Introduction

Reinhard Mechler

Abstract Not only can disasters directly cause immense human suffering and loss,

they may also lead to large medium- and long-term indirect microeconomic

(household, business level) as well as macroeconomic (nation-wide) consequences.

In this second section of the book, we focus on the aggregated or macroeconomic

impacts of disasters, which include effects on gross domestic product, consumption,

savings, investment and inflation, as well as the reallocation of resources to relief

and reconstruction. Based on statistical and model-based analyses, studies have

shown that these impacts can be significant in many instances.

Keywords Country level disaster risk • Macroeconomic analysis • Economic

growth • Fiscal vulnerability • Multi-risk assessment

6.1 Disasters and Economic Development: The Empirical

Evidence
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As an introduction we discuss different modeling techniques for estimating

indirect macroeconomic disaster losses and their advantages and challenges. One

main challenge is the difficulty of accounting for disaster risk using probabilistic

approaches. This challenge is addressed and forms the backbone of the following

three chapters of this section.

The impact of disasters on aggregate economic performance and development

has been examined by several studies over the last four decades based on empirical

and statistical analysis as well as modeling exercises (for an overview, see

Okuyama 2009). While early studies focused primarily on developed countries

and the sectoral and distributional impacts of disasters, recent studies have placed

more emphasis on macroeconomic impacts in developing countries. For developed

countries, the studies generally find very limited aggregate macroeconomic impacts,

but important regional economic and distributional effects (Okuyama 2009).

In contrast, in developing countries disasters have been found to lead to significant

adverse macroeconomic outcomes that affect the pace and nature of economic

development (see Otero and Marti 1995; Benson and Clay 2004; ECLAC 2003;

Charveriat 2000; Mechler 2004; Kellenberg and Mobarak 2008; Hochrainer 2009;

Raddatz 2007; Noy 2009; Cavallo and Noy 2009). However, as a recent review by

Handmer et al. (2012) suggests, there is only medium confidence in the findings

overall, especially since a very few studies have found positive effects (Albala-

Bertrand 1993; Skidmore and Toya 2002). This lack of confidence can be attributed

to several factors: the problem of identifying a systematic and robust GDP counter-

factual in terms ofGDP projections without disaster events (against which actual GDP

including disaster effects can be compared); difficulties in accounting for informal

sector effects and financial inflows (insurance and aid); and, importantly, the problem

that national accounting generally measures flows rather than stocks. The latter point

means that reconstruction shows up positively in national statistics, whereas the

destruction does not enter the national accounts.

Keeping these reservations in mind, there is consensus that macro effects are

more pronounced in lower income countries (Mechler 2004; Lal et al. 2012).
Handmer et al. (2012) suggest that developing countries exhibit higher economic

vulnerability due to their dependence on natural capital and disaster-sensitive

activities (such as tourism), lack of developed risk assessment processes, and

knowledge and implementation gaps regarding techniques for responding to

disasters, including preparedness, financing, information, risk management and

governance. Countries with one or more of the following characteristics may be

particularly at risk of significant macroeconomic consequences (Mechler 2004):

(i) high natural hazard exposure; (ii) economic activity clustered in a limited

number of areas with key public infrastructure exposed to natural hazards; and

(iii) tight constraints on tax revenue and domestic savings, shallow financial

markets, and high indebtedness with little access to external finance.
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6.2 Modeling Macroeconomic Impacts of Disasters

Findings on indirect disaster losses are in part based on modeling exercises, for

which there is a substantial, yet very heterogeneous body of research. Analysts

investigating indirect losses have made use of input-output models, social account-

ing matrices, computable general equilibrium models and economic growth

frameworks. Rose (2004) reviews some of the important aspects of economic

modeling, and Okuyama (2009) discusses details regarding their pros and cons.

The discussion by Okuyama is taken as a point of reference and extended in

Table 6.1.

The input-output (I-O) model is the most commonly employed modeling frame-

work for estimating economic effects of disasters (Okuyama 2009). I-O models

document the interdependencies within an economy and the ensuing disruption due

to disasters. Their advantages are that they are directly based on observable data

(usually national accounting statistics) as well as their simplicity. The major

downsides include their rigid structure with respect to input and import substitutions,

a lack of explicit resource constraints, and a lack of responses to price changes. As

I-O models are rather rigid and focus on the short term, they may underestimate

disaster impacts (see Okuyama 2009). I-O modeling has been used in conjunction

with transportation network models (Gordon et al. 1998; Cho et al. 2001; Sohn et al.
2004), lifeline network models (Rose 1981; Rose et al. 1997; Rose and Benavides

1998), and comprehensive disaster assessment models, such as HAZUS (Cochrane

et al. 1997).
Social accounting matrices (SAM) are a variant of I-O models and estimate the

macroeconomic follow-on effects of disasters on production, savings and consump-

tion activities of different agents. The SAM approach is well suited for handling

the distributional impacts of a disaster, for instance, for evaluating the equity

considerations of public policies that aim at reducing losses. Like I-O models,

however, the SAM technique is rigid in terms of its coefficient structure and thus

tends to provide upper bounds for the estimates (given that the coefficients are

assumed fixed over time). SAMs have been used to examine the distribution of

impacts across private and public sectors connected to lifeline analysis (effects on

distribution networks such as for electricity and water) and to examine the effects

across regions (Cole 1995, 1998, 2004; Ellson et al. 1984).
Computable general equilibrium (CGE) models show how disasters impact

regional or developed economies through sectoral and price changes. They can

represent non-linear effects as well as responses to price changes. As these models

have (originally) been intended for long-run equilibrium analysis and assume adapt-

ability of economic agents, theymay lead to underestimating economic impacts. CGE

models have been used for assessing the potential effects of catastrophic earthquakes

on regional economies, and have also been linked to lifeline analysis (Boisvert 1992;

Brookshire and McKee 1992; Rose and Guha 2004; Rose and Liao 2005).
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Few studies have applied economic growth models to the assessment of disaster

impacts, one reason being a lack of robust information on capital stock at risk.

Economic growth frameworks can be useful in assessing the longer term interrela-

tionship between economic growth, development and disaster risk. The models

have a long time horizon and thus do not account for short-term dynamics. Growth

modeling has been used to challenge the Creative Destruction Hypothesis (see

Cavallo and Noy 2009) that suggests that disasters help to “update” (i.e. destroy)

inefficient capital stock and, given investments in more efficient capital, lead to

increased growth in the longer term. Hallegatte and Dumas (2008) find that effects

on productivity may decrease or increase the costs of disasters, but do not have the

potential to lead to higher growth post-disaster. Growth modeling has also been

used to study the longer-term consequences of disaster events and risk in develop-

ing countries highly exposed to disaster risk as a function of the availability of

domestic savings and inflow of external savings (Freeman et al. 2002; Mechler et al.
2006; Hochrainer 2006).

6.3 Modeling Disaster Risk Explicitly

Given the fat tailed feature of natural disaster risk, disaster risk modeling ideally

derives probabilities and impacts for entire loss distributions (so called loss exceed-
ance distributions). However, most macroeconomic modeling analyses have

focused on reanalyzing one observed event, and only a few have aimed at

representing extremes embedded in a risk-based, forward-looking framework

(Freeman et al. 2002; Mechler 2004; Hochrainer 2006; Hallegatte and Ghil

2008). Some studies have represented risk in terms of a deterministic estimate

(such as a 100-year event) or averages (expected annual loss). Overall, this does not

lend itself to a forward-looking and comprehensive analysis of risk and may lead to

a serious underestimation of the potential consequences of natural disasters, which

by nature are low-probability, high-impact events.

6.4 Contributions in this Volume

Probabilistic analysis of macroeconomic risk forms the backbone of the discussions

in the three chapters of this section. What makes these studies unique is their

explicit focus on introducing risk into economic modeling frameworks.

Chapter 7 (Catastrophe Risk and Economic Growth) by Yuri Ermoliev and

Tatiana Ermolieva analyses the effects of catastrophes on economic growth and

stagnation using a stylized Harrod-Domar growth model (Ermoliev et al. 2012).

They conclude that any short-term incremental analysis of economic growth

underestimates the impacts of rare catastrophic shocks. Disasters shocks (also
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small-scale) can persist in time and lead to traps and thresholds, which trigger

stagnation and shrinking even in developed economies. The study suggests that the

stabilization of regional growth must rely on a proper combination of structural and

financial ex-ante (anticipative) risk reduction and ex-post (adaptive) risk sharing

and transfer options, such as, e.g. purchasing catastrophe bonds, credit and insur-

ance. The need for the co-existence of both options is demonstrated in other

chapters of the book (e.g. Chaps. 2 and 5). This chapter illustrates that ex-ante

and ex-post policies for dealing with catastrophic shocks are not substitutable and

must be analyzed jointly as complementary approaches for handling risk.

Chapter 8 (Modeling Macro Scale Risk: The CATSIM Model) by Stefan

Hochrainer-Stigler, Reinhard Mechler and Georg Pflug presents the IIASA

CATSIM (CATastrophe SIMulation) model, which is a risk-based growth model

framework for evaluating economic disaster impacts and responses (Hochrainer-

Stigler et al. 2012). Based on stochastic simulation of disaster risks in a specified

country, it examines the ability of the government and private sector to finance

relief and recovery. The model can be used for supporting policy planning pro-

cesses for the allocation of resources between ex-ante spending on disaster risk

management (such as prevention, national reserve funds, sovereign insurance) and

ex-post spending on relief and reconstruction. This chapter sets out the model,

which is applied to the cases of Nepal (Chap. 9, see next paragraph) and Hungary/

Tisza (Chap. 16) in this volume.

Chapter 9 (Managing Indirect Economic Consequences of Disaster Risk: The
Case of Nepal) by Reinhard Mechler, Stefan Hochrainer-Stigler and Kazuyoshi

Nakano applies IIASA’s CATSIM model to the case of Nepal in order to quantify

country level direct disaster risk as well as the corresponding indirect effects using

growth modeling and input-output analysis (Mechler et al. 2012). The authors find

that the economic and fiscal risks posed by natural disasters in Nepal are large and

potentially long lasting, particularly when they are triggered by earthquake risk.

Given these results, the authors suggest that there is a clear case for considering risk

in economic and fiscal planning processes in Nepal and similar heavily disaster

exposed countries.

6.5 Concluding Remarks

This introductory chapter reviewed methodologies and evidence on the macroeco-

nomic effects caused by disasters. The discussion regarding the different modeling

techniques and their advantages and downsides identifies one key challenge, which

is the difficulty of explicitly accounting for disaster risk using probabilistic

representations of disaster occurrence severity and impacts on the economy. This

is the challenge forming the backbone of this section and is addressed in detail by

the three chapter contributions.
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Chapter 7

Economic Growth Under Catastrophes

Yuri Ermoliev and Tatiana Ermolieva

Abstract The chapter analyzes effects of catastrophes on economic growth and

stagnation. The economy is a complex system constantly facing shocks and changes

with possible catastrophic impacts. A shock is understood as an event removing

from the economy a part of the capital. We show that even in the case of well-

behaving economies defined by the Harrod-Domar model, persistent in time shocks

implicitly modify the economy and may lead to various traps and thresholds

triggering stagnation and shrinking. The stabilization of the growth must then

rely on ex-ante risk reduction and risk transfer options, such as hazard mitigation

and the purchase of catastrophic insurance, as well as ex-post borrowing. The

coexistence of ex-ante (risk averse) and ex-post (risk prone) options in the proposed

model generates a strong risk aversion even in the case of linear utility functions.

In contrast to the traditional expected utility theory, it assesses and explains trade-

offs and benefits of ex-ante and ex-post management options.
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7.1 Introduction1

As an alarming tendency of current global changes, losses from human-made

and natural catastrophes are rapidly increasing (Munich Re 2011; IPCC 2011).

In addition to destruction of human lives, infrastructure and assets, they affect

consumption, savings and investments. The direct economic costs are split approxi-

mately equally between the developed and developing countries, but especially

sensitive are low-income countries. In the standard economic theory there is

no special problem of even catastrophic risks (Arrow 1996). It is assumed that all

economic agents know all possible shocks (states of the world), i.e., they know when,

how often, and what may happen to each of them. Therefore, they can easily

organize “markets”, where everyone insures everyone by pooling resources avail-

able in any state of the entire society, i.e., a catastrophe becomes small on the scale

of the world. In reality this pool does not exist, which calls for more realistic

models with explicit representation of uncertainties and associated risks. Especially

important are models that explain connections between poverty, stagnation, and

shocks. One of the reasons which could cause low growth (Easterly 1994; Ray

1998; Linnerooth-Bayer et al. 2011) is the low saving rates typically observed in

low-income countries: economies where the majority of citizens have incomes close

to minimum of subsistence level are unlikely to have a high rate of savings. But

the low saving rate is not sufficient to explain within conventional models why the

sustained growth may not “take-off”.

This chapter analyzes effects of catastrophes or shocks on economic growth

and stagnation. A shock is understood as an event destroying a part of capital stock.

For example, shocks may be due to natural and human-made disasters or the flight

of capital from the country. We show that even in the case of such well-behaved

economies as the economies defined by the Harrod-Domar model (Harrod 1939),

persistent in time shocks implicitly modify the production function of the economy

and may lead to various traps and thresholds triggering stagnation and shrinking.

The stabilization of growth may then rely on various defensive mechanisms such

as post-event borrowing, ex-ante loss reduction measures and mechanisms for loss

spreading through insurance and financial markets. As the economy grows, crossing

certain instability levels, the assistance for growth can be reduced or completely

disappear. Section 7.2 analyzes effects of shocks on sustained growth. In Sect. 7.3

we illustrate that ex-ante and ex-post policies for dealing with shocks are not

substitutes and must be analyzed jointly as complementary decisions. The proposed

two-stage dynamic stochastic programming model incorporates both risk-averse

(ex-ante) and risk-prone (ex-post) decisions, and, in contrast to the traditional

models of the expected utility theory, provides more realistic decision making

framework. According to this framework, only some decisions are made ex-ante,

whereas other options are kept open until more information about shocks becomes

1 This chapter is based on the paper “Economic Growth Under Shocks: (Ermoliev 2006) Path

Dependencies and Stabilization” The paper is reprinted with permission of the publisher.
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available and, hence, can be better utilized in ex-post decisions. In proposed models

a strong risk aversion occurs even for linear utility functions. Section 7.4 examines

the convergence of an economy under shocks to a path of sustained growth. Shocks

implicitly modify the economy, and the convergence becomes impossible without

appropriate growth efforts to by-pass various traps and thresholds. Section 7.5

concludes.

7.2 Sustained Economic Growth

To better understand the effects of catastrophes on economic growth let us consider

a well-behaved economy, characterized by the production function with two

factors: “capital” and “labor”, Y ¼ FðK; LÞ, and constant returns to scale, Y ¼ LF
ðK=L; 1Þ. Therefore, we can characterize the economy in terms of capital to labor

ratio, k ¼ K=L, and output to labor ratio,y ¼ Y=L, y ¼ f ðkÞ :¼ Fðk; 1Þ. Assume that

output Y is subdivided into consumption and savings, and savings are equal to

investments. The growth is driven by the accumulation of capital through

investments

dK

dt
¼ I � dK;Kð0Þ ¼ K0; t> 0; (7.1)

where d, 0 < d < 1, is the capital depreciation rate. Assume further that the

investments IðtÞ are simply a fraction s, 0< s< 1, of the output, i.e., IðtÞ ¼ sYðtÞ,
and g is an exponential growth rate of the population, d

dt ln L ¼ g . We can then

rewrite (7.1) in variables k:

dk

dt
¼ sf ðkÞ � ðgþ dÞk; kð0Þ ¼ k0; t> 0; (7.2)

or

d

dt
ln k ¼ s

f ðkÞ
k

� g� d: (7.3)

If the output to capital ratio is constant y, i.e., y=k ¼ f ðkÞ=k ¼ y, then it leads us
to the very influential Harrod-Domar (Ray 1998; Solow 1997) model with constant

exponential rate of growth

d

dt
ln k ¼ sy� g� d: (7.4)

According to (7.4), the rate of growth is determined jointly by the saving rates

and the productivity of capital y, that is, the inverse of the capital-output ratio. Since
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the growth in real output d
dt ln yðtÞ is the same as the growth in the capital stock

d
dt ln kðtÞ, then from (7.4) it follows that the exponential growth is defined by linear

function

ln y ¼ ln k ¼ k0 þ ðsy� g� dÞt; t> 0: (7.5)

The economy is a complex system constantly facing shocks and changes.

A catastrophe is one of such shocks. We can model shocks similarly to the

depletion of capital reducing the rate of growth sy� ðnþ dÞ to a random level

sy� ðnþ d� vÞ, v ¼ vðt; k;oÞ, 0bv<1, where vðt; k;oÞ denotes impacts of the

shock o at the current level of kðtÞ. In the case of catastrophes shocks are rare

events which may occur at some random time moments T0, T1, T2, . . ., T0 ¼ 0,

vð0; e � eÞ ¼ 0. In this conceptual model the random intensity v depends on the

aggregate current level kðtÞ of the capital and the random shock o. In realistic

versions of the model vðt; k;oÞ must depend on the geographical distribution of

kðtÞ and o as well as on other country-specific sources of vulnerability. The

accumulation of investments in specific risk prone regions and sectors of the

economy can make a significant difference for the probability distribution of v (t,
k, o). The existence of an unreliable system of banks can further magnify impacts

of shocks from natural disasters by provoking the capital flight from the country.

These details provide necessary information for the design of appropriate policies.

Shocks, in general, transform linear function (7.5) into highly nonlinear (discon-

tinuous) random function

ln yðtÞ ¼ k0 þ ðsy� g� dÞt� VðtÞ;VðtÞ ¼
XNðtÞ

t¼1

vi; (7.6)

where NðtÞ is the number of shocks in the interval ð0; t�, and vi is the size of these
shocks. Assume that random variables v1 , v2 , . . . are independent, identically

distributed, and they are independent of time between shocks ti ¼ Ti � Ti�1.

Remark: Informally, (7.6) specifies that if shocks represent a pure jumping

process with isolated jump times T1, T2, . . ., then between jumps the exponential

growth GðtÞ :¼ ln yðtÞ satisfies the differential equation

d

dt
GðtÞ ¼ ðsy� d� gÞ; Ti�1bt < Ti:

The functionGðtÞ is right-continuous and the value ofGðTi�Þ just before the jump

is defined asGðTi�Þ :¼ limt"Ti
GðtÞ. After a jump, motion restarts as before according

to the same differential equation. If Gi :¼ GðTiÞ , DGi :¼ GðTiÞ � GðTi�1Þ ¼ gti
�vi , DG0 ¼ 0 , g :¼ sy� g� d , then DGif g1i¼0 is a sequence of independent

identically distributed random variables,
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GðtÞ ¼ k0 þ gðt� TNðtÞÞ þ
XNðtÞ

i¼0
Gi:

This remark connects the economic growth processes with the so-called

piecewise-deterministic Markov processes (Davis 1984) and the renewal processes.

If time between the shocks has stationary distribution with mathematical expecta-

tion l, then the expected exponential growth is still characterized by a linear in

t function (see Fig. 7.1), E ln yðtÞ ¼ k0 þ ðsy� g� d� lmÞt , and it is positive

when the rate of investments exceeds the average rate of losses, sy� g� d� lm
> 0. From the strong law of large numbers it follows that

ln yðt;oÞ
t

! sy� g� d� lm

with probability 1. It means that for each possible random growth path, denote it as

o ¼ ðT1; v1; T2; v2; . . .Þ, the sustained growth “takes-off” only after a random time

T (o), i.e., ln yðt;oÞ � ðsy� g� d� lmÞt > 0 , 8t> TðoÞ . On the way to the

sustained growth for t < T (o) the economy may stagnate and even shrink.

In other words, for a given t there may exist a positive probability that accumulated

random losses exceed accumulated investments

k0 þ ðsy� g� dÞt� VðtÞ � 0: (7.7)

Let us note that the analysis of the event (7.7) is similar to the analysis of the

so-called ruin of insurers (Dupačovlά and Bertocchi 1995; Embrechts et al. 2000).

An important indicator of stability is the probability that the accumulation of

growth between shocks exceeds possible losses, i.e.,

ðsy� d� gÞt� vðt; t;oÞ � gt; (7.8)

t

ln k

k0 +
(sθ - n - δ)t

k0 +(sθ - n - δ - λv)t

Fig. 7.1 Expected and real growth rates
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where g> 0 is a given target of the growth rate and v (t, t) are losses associated with
the first catastrophe which occurs at time t + t after t. The economy might shrink or

stagnate at t if there is positive probability of the event

ðsy� d� gÞt� vðt; t;oÞ � 0: (7.9)

Since positive probability of (7.7) is a consequence of (7.8), (7.9), these

indicators can be used to protect the growth of the economy.

7.3 Programming Adjustment of Growth:

Ex-Ante and Ex-Post Strategies

The common practice to deal with shocks is to use such ex-post measures as

borrowing, foreign aid, and the diversion of investments committed to other

needs. This section illustrates the importance of both ex-ante and ex-post

mechanisms in order to be prepared for shocks before they occur, as well as to

have enough flexibility to react more effectively to revealed situations.

The Harrod-Domar model is a building block in the growth programming

approach to economic development (Khan et al. 1990). According to (7.4), the

overall rate of growth in the interval t; tþ Dt½ � is approximately defined as

Yðtþ DtÞ � YðtÞ½ �=DtYðtÞ
¼ Kðtþ DtÞ � KðtÞ½ �=DtKðtÞ � sy� g� d: ð7:10Þ

This equation links the growth rate of the economy to two fundamental

variables: the ability of the economy to save and the productivity of the capital y.
By increasing the rate of savings s or capital productivity y, it would be possible to
accelerate the rate of growth. This creates the basis for programming of the growth

rate, i.e., the design of policies which provide such levels of parameters s, y, g, d,
that guarantee a given level of g. A “gap” between available investments and the

investment required to achieve the output growth target, e.g., due to “unforeseen”

shock, provides the information for the borrowing needed to cover this “gap”.

Equation (7.10) has rather conceptual, symbolic character. In realistic models

values of all parameters s, y, g, d are defined by various components. For example,

the distribution of incomes among the population and investments among various

sectors of the economy and geographical regions may play a critical role for the

stability of the growth. If some of the parameters s, y, g, d or their components are

fixed, then missing values can be defined from (7.10). As it was pointed out by Ray

(1998, p. 58), such “if-then” analysis in many cases does not make sense, since the

parameters that are used to predict growth rate may themselves be affected by the

growth processes. Besides this, critical problems arise with the naı̈ve short-term

sequential adjustments of growth rates in the presence of shocks. The analysis of the
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growth rate at time t only for the next interval ½t; tþ Dt�may not provide a good idea

to develop preparedness and loss reduction measures. The occurrence of a rare

catastrophe in each interval of length t is usually evaluated by negligibly small

probability lDt , but the probability of a catastrophe in an interval ½0; T�
1� ð1� lDtÞT=Dt � 1� elT is dramatically increasing with T. Therefore, the
economy must take a long-term perspective in order to develop appropriate

measures against rare (“unforeseen” otherwise) shocks.

It is important that all possible ex-ante and ex-post decisions are not evaluated in

a sequential, “one-by-one” manner, since the most important is the synergy of them.

Thus a certain level of mitigation measures increasing, say, resistance of buildings

to earthquakes, may essentially increase their insurability. On the other hand, the

existence of insurance may enforce the mitigation measures through appropriate

reductions in prices of insurance contracts.

The coexistence of risk prone and risk averse decisions within the same model

can be viewed as a rather flexible decision making framework when we commit

ourselves “ex-ante” only to a part of possible decisions and, at the same time, we

keep other options open until more information becomes available and can be

effectively utilized by appropriate ex-post options. As we can see further, this

type of models, the so-called two-stage stochastic optimization models, in contrast

to the standard model of the expected utility theory, produces strong risk aversion

even for linear utility functions.

Consider the following important growth adjustment problem where a part of the

growth rate is used to protect a given target value of the sustained growth path.

According to the model (7.6) the value of the growth rate g ¼ sy� g� d may be

interrupted by a shock o. In order to protect g it is possible to mobilize ex-post

internal resources by reducing consumption, increasing inflation, by external aid

and borrowing. Let us denote this type of decisions by y (o), where o indicates that

ex-post decisions are made on the basis of information about observed shock o.
Besides, the society can also protect, reduce or spread losses through various

ex-ante measures. Let us denote this type of decisions by x. They are chosen before
the occurrence of the shock o and, therefore, they do not depend on o. In general, x
and y (o) are vectors with components characterizing different options, for exam-

ple, the first component of x may correspond to a certain measure for the reinforce-

ment of buildings, second – to an insurance contract, another pair of components – to

a weather related bond characterized by two decision variables specifying its

“trigger” and the “cap”. The adjustment of the growth rate is very simple from the

methodological point of view when among policy options there are only traditional

ex-post strategies, for example, borrowing. Each of them is evaluated only against a

revealed situation. The fundamental challenge with the presence of ex-ante strategies

is that they must be evaluated against all possible shocks in order to be robust against

them. Since this requires strong computational approaches, we consider a discrete

time version of (7.6). Let as before GðtÞ ¼ ln yðtÞ ¼ ln kðtÞ. Consider a time interval

½0; T� subdivided into N subintervals of length t ¼ T=N, ts ¼ ts�1 þ Dt, s ¼ 1; 2; . . .
;N, t0 ¼ 0. We assume that a shockot at time t ¼ ts comprises all events in ½ts � D; ts�.
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In the samemanner lossesvt, t ¼ ts, s ¼ 1; 2; . . . ;N fromot comprise aggregate losses

from all events in ½ts � D; ts�. For the simplicity of notations we assume that vt may be

equal 0 and Dt ¼ 1, i.e., we simply consider time moments t ¼ 0; 1; . . . ;N. We also

do not indicate implicitly the dependence ofGðtÞ, vt, t ¼ 1; . . . ;N, on the current level
of per capita capital kðtÞ. VariablesGðtÞ, vt in general depend on the history of shocks
ot ¼ ðo1; . . . ;otÞ. In the following we use the notations G (t, o), vt (o) to indicate

this dependence, where o ¼ ðo1; . . . ;oNÞ. A vector x of ex-ante decisions chosen at
t ¼ 0 transforms vt (o) into vt (x, o), whereas GðtÞ depends on both ex-ante and ex-

post decisionsG (t, x, yt (o),o),ytðoÞ ¼ ðy1ðoÞ; . . . ; ytðoÞÞ. By using these notations
we can write the discrete time version of (7.6) in the form

Gðt; x; yt;oÞ ¼ Gðt� 1; x; yt�1;oÞ þ g� vtðx;oÞ þ yt � ð1þ bt�1Þyt�1; (7.11)

where t ¼ 1; . . . ;N, x 2 X � Rn and X is a compact set of feasible ex-ante decisions,

yt is the amount of borrowing (credits) in ½t� 1; t�, yt ¼ ðy0; y1; . . . ; ytÞ. In this model

we assume that credits at t are paid at tþ 1 with the interest rate bt, which may

require borrowing at tþ 1, and so on.

The problem is to find a combination ðx; yðoÞÞ of ex-ante and ex-post decisions

maximizing the expected accumulated growth rate in ½0; T� , i.e., the expectation

function

E GðT; x; yTðoÞ;oÞ � ð1þ bTÞyTðoÞ
� �

; (7.12)

ensuring a given target growth rate q:

Gðt; x; yt;oÞ � qt; t ¼ 1; 2; . . . ;T; for all o: (7.13)

In general, qmay also be a decision variable, but here we assume that q is fixed.
We can subtract q from g in (7.11) and transform (7.13) into requirements

Gðt; x; yt;oÞ � 0; t ¼ 1; 2; . . . ; T; for allo. (7.14)

Therefore, in the following we consider (7.14) instead of (7.13), assuming g ¼ sy
�g� d� q. In this model a target value q of the growth rate is achieved by sacrificing
a portion of the economic growth for defensive ex-ante and ex-post measures. Let us

note that Gðt; x; ytðoÞ;oÞ is a linear in yt (o) function and it may also be a linear

function in x, i.e., a risk neutral utility function. The important feature of the model

(7.11), (7.12), (7.14) is that it incorporates both ex-ante x and ex-post y (o) decisions,
which generates a strong risk aversion with respect to x. Indeed,Gðt; x; ytðoÞ;oÞcan be
written in the form

Gðt; x; ytðoÞ;oÞ ¼ Gtðx;oÞ �
Xt�1

s¼1

bsys þ yt;
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where Gtðt;oÞ ¼ k0 þ gt�Pt�1
s¼1 vsðx;oÞ . From this it follows that yt satisfies

equation

yt ¼ max 0;�Gt þ
Xt�1

s¼1

bsys

( )

: (7.15)

Therefore, the problem (7.11), (7.12), (7.14) can be rewritten as the maximiza-

tion of the expectation function

FðxÞ ¼ Ef ðx;oÞ; (7.16)

which depends only on ex-ante decisions x 2 X, where

f ðx;oÞ ¼ GT þ b1 min 0;G1

� �þ b2 min 0;G2 þ b1 min 0;R1

� ��

þ b3 min 0;R3 þ b1 min 0;R1

� �þ b2 min 0;R2

� �� ��þ � � �

In other words, the problem (7.11), (7.12), (7.14) is equivalent to the maximiza-

tion of the nonlinear in x expectation function (7.16) and the calculation of ex-post

decisions according to the recursive equation (7.15). If the probability distribution

of vt for some t ¼ 1; . . . ;N has a continuous density function, then the expectation

function (7.16) is a strictly concave function since f (x, o) is formed by using the

operation min of linear in x functions. The described above implicit nonlinear

character of the problem (7.11), (7.12), (7.14) with respect to x is due to the nature

of ex-post decision y (o). It is made on the basis of revealed shock o and given x,
i.e., y (o) depends implicitly on x. This is a general feature of the two-stage

stochastic optimization problems (Ermoliev and Wets 1988). The model (7.11),

(7.12), (7.14) is a dynamic two-stage stochastic optimization problem, which can be

solved by specific stochastic optimization procedures.

The need for coexistence of ex-ante and ex-post decisions becomes more evident

from the following simple situation. Assume that there are only two time intervals:

“now”, t ¼ 0, and “future”, t ¼ 1. Ex-ante decision x is made at t ¼ 0, whereas

ex-post decision y (o) is made at t ¼ 1 on the basis of information about impacts v
(o) of shock o and the decision x. The decision x protects all losses v (o) below the

level x at the cost cx, i.e., v (o) is transformed into the function

vðx;oÞ ¼ vðoÞ � x; if x � vðoÞ;
0 , otherwise.

(

The ex-post decision, borrowing y(o), protects the economy from losses v
(o) � x, x � v (o), at the cost ð1þ bðoÞÞyðoÞ . The problem is to minimize

expected value

cxþ Eð1þ bðoÞÞyðoÞ; x � 0;
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where yðoÞ � vðoÞ � x for x � v (o). It is clear that yðoÞ ¼ max 0; vðoÞ � xf g, i.e.,
y(o) depends on (x, o). A solution of this problem may be x ¼ 0, which means,

totally rely on the borrowing. The analogue of the maximization problem (7.16) in

this simple case is the minimization of the function

FðxÞ ¼ cxþ E 1þ bðoÞð Þmax 0; vðoÞ � xf g

¼ cxþ
ðv

x

ðv� xÞjðvÞdvþ
ðv

x

bðvÞðv� xÞjðvÞdv;

for x � 0. Here we assume that the probability distribution of v has the support ½0; v�,
vðoÞ 2 ½0; v�, with a continuous density function j (v). From this it follows thatFðxÞ
has the continuous derivative F0ðxÞ and, as it is easy to verify,

F0ðxÞ ¼ c�
ðv

x

’ðvÞdv�
ðv

x

bðvÞ’ðvÞdv:

The function F0ðxÞ is monotonically increasing for x ! v. Therefore, if c<
Ðv

0

’ðvÞdvþ Ðv

0

bðvÞ’ðvÞdv, or c<1þ EbðoÞ, then there is a positive value x ¼ x	, x	

6¼ v, such that F0ðx	Þ ¼ 0. Here x	 ¼ v is excluded because c>0. If b (o) does not
depend on o, b (o) ¼ b, then x	 is a quantile of v (o) satisfying the equation

P v>x½ � ¼ c� 1

b
:

Therefore, the minimization of the linear expected disutility function with

different coefficients (c, 1 + b) does not lead to the dominance of the preferable

on average ex-ante solution (c < 1 + b), i.e., both ex-ante and ex-post solutions

coexist.

Let us note that the notion of ex-ante solution x reflects the fact that this type of
solutions cannot be chosen differently after each new observation of shock o, for
example, the decision xmay be a height of a water wall protecting the economy of a

region against floods below level x. Generally, insurance contracts or weather-related
bonds also cannot be issued as a function of every possible shock o. This restricts the
use of recursive equations (Sargent 1978) of the optimal control theory dealing only

with the “feedback” control strategies.

7.4 Convergence, Traps and Thresholds

Section 7.2 shows that even for well-defined economies with the growth rate on

average exceeding the losses from shocks the sustained growth in the presence of

shocks takes off only in the long run. This conclusion radically changes when
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parameters s, y, g and losses vi of the model are affected by the growth, i.e., they

depend on the level of developments characterized in the model by per capita

capital k or per capita income y. The rate of savings s may critically depend on

the overall level y and its distribution in the society. Obviously, at low level of

income, rates of savings are small. In this case a shock may further reduce them

even to negative values (borrowing). As the economy grows there is increasing

room for savings (Ray 1998, p. 59), but this does not necessarily mean that savings

will grow steadily. To endogenize the dependence of s on y requires certain

assumptions, the most important of them is the assumption of utility maximizing

consumers. We do not follow this approach in the chapter. Instead, let us make a

rather optimistic assumption that s is a linear function of y, s ¼ ay ¼ af ðkÞ :¼ sðkÞ.
A shock o is modeled as a reduction of k to a random level k (o) and it can be

characterized by a probability distribution with the support in the interval [0,k].
Assume it has a rather smooth density function ðk; vÞ, i.e., the probability of losses in
the interval ½v; vþ dv�; kðoÞ e½v; vþ dv�, is C(k,v)dv. Then the expected value of

random s k oð Þð Þ is sðkÞ ¼ Rk

0

f ðvÞðk; vÞdv. It is easy to see that the second derivative

s00ðkÞ involves the derivative 00
vðk; �Þ, which may be positive and negative at different

points v. Therefore, s00ðkÞ may also have oscillating character. A similar situation

occurs with the frequency l and the expected losses m. An exact evaluation of

dependencies of l and m on k requires the use of geographically explicit catastrophe
models, data on the vulnerability of engineering constructions and values at risk

(see, for example, discussion in Ermoliev et al. 1998; Walker 1997). Assume that vt
is the sum of different fractions k1 ¼ b1k,k2 ¼ b2k,b1; b2 2 ð0; 1Þof per capita k (t),
and they are allocated in two risk prone regions. Assuming the independence of

shocks and losses in these regions, the expected losses m (k) would have the

following form

mðkÞ ¼
ðk1

0

vj1ðk; vÞdvþ
ð
vj2ðk2; vÞdv; k1 ¼ b1k; k2 ¼ b2k:

This function, similar to s(k), may also have oscillating character. Figure 7.2

exhibits possible functions of s(k), m(k). Assume that the dynamics of growth under

shocks can be written in a form similar to equation (4)

d

dt
ln k ¼ sðk;oÞy� g� d� vðk;oÞ; (7.17)

i.e., here we ignore purely jumping character of shocks by assuming that they

affect the economy constantly.

The analysis of purely jumping processes requires a considerable extension of

the chapter. From equation (7.4) follows that from the current level of
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developments k (t) the per capita capital moves in [t, t + Dt] to the next random

level kðtþ DtÞ such that

E kðtþ DtÞ kðtÞj½ � � kðtÞ
Dt

� kðtÞ sðkÞy� g� d� lm(k)ð Þ;

where E � kðtÞj½ � denotes the conditional expectation of kðtþ DtÞ for a given k(t)
Starting with a very low level of per capita income from the interval 0; k1½ �, the
expected rate of per capita income gðkÞ ¼ sðkÞy� g� d� lmðkÞ is positive, the

expected per capita will increase, i.e., the economy is expected to become richer. If

the economy happens to be in the intervals (k1, k2), the expected per capita will

decrease towards k1, i.e., the state k1 is a trap for the economy. If the economy is in

the interval (k1, k3), the expected per capita income will increase over time till the

next trap k2. Intervals of developments from the trap k1 to the threshold k2, and from
the trap k3 to the threshold k4 are critically important for the assistance in growth. If

the economy is pushed up to cross the threshold, the economy would enter a path of

sustained growth till the next trap. But these conclusions concern only expectations.

As we discussed in Sect. 7.2, even in the case of constant positive expected per

capita growth rate, the real random path of the economy enters the path of sustained

growth only in the long run. In our case of s and m dependent on k, it is possible to
show that the real random path of k (t) converges with probability l to traps under

non-degenerating shocks, which allows the growth path to leave the thresholds. In

other words, starting from the same initial condition k0, the economy may end up at

different more or less deep traps and stagnate within them thereafter. In general, this

conclusion follows from the fundamental relations between the asymptotic

properties of the path k(t) defined by the stochastic equations (7.17), the determin-

istic equation

d�k

dt
¼ sð�kÞy� g� d� lð�kÞmð�kÞ; (7.18)

k1 k2 k3 k4 k

γ + δ + λ μ (k)

s (k) θ

Fig. 7.2 Traps and thresholds
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and the paths defined by the following finite-difference approximations. Let us

subdivide the time interval 0;1½ Þ into subintervals of the length r0, r1, . . ., rs ! 0,P1
s¼0 rs ¼ 1. Define points t1, t2, . . . as tsþ1 ¼ ts þ rs , t0 ¼ 0, s ¼ 0; 1; . . . and

sequences kðtsÞf g, �kðtsÞ
� �

, s ¼ 0, 1, � � � according to the following finite-difference
equations

ksþ1 � ks
rs

¼ ks sðksÞy� g� d� vðks;oÞ½ �; s ¼ 0; 1; . . . ; (7.19)

�ksþ1 � �ks
rs

¼ �ks sð�ks;oÞy� g� d� lð�ks)m(�ksÞ½ �; s ¼ 0; 1; . . . ; (7.20)

where ks ¼ kðtsÞ, �ks ¼ �kðtsÞ. Then it can be shown (Belenki and Volkonski 1974;

Kushner and Clark 1978) that under natural assumptions the asymptotic properties

of the equations (7.17), (7.18), (7.19) and (7.20) coincide.

7.5 Concluding Remarks

Any rational strategy for managing increasing vulnerability requires understanding

of involved risks and losses. Now existing catastrophe models (Walker 1997)

primarily deal with the estimation of direct losses. Indirect losses include costs of

business interruptions, jumps of prices with booms in some sectors, e.g., constric-

tion and depression in others. The destruction of capital stock results in losses of

outputs and, hence, decreases wages, profits, savings and investments. This chapter

shows that shocks have deeper indirect consequences - they implicitly modify the

economy and may cause the stagnation and shrinking even in the case of the

Harrod-Domar model of sustained growth.

In our conceptual model the increasing vulnerability is characterized by a

probability distribution of shocks to capital with support in the interval ½0; k� ,
which depends on the current level of per capita capital k. Formally this model

covers the case when hazard mitigation measures, for example, a dam, may trigger

new developments in flood-prone areas with a possibility of catastrophic losses

from a failure of the dam. Of course, any realistic model of shocks must be based on

dynamic catastrophe models with specific (for a given economy) patterns of

catastrophes and vulnerability of the capital.

Generally, the costs of the catastrophes are borne by the central government

from the national budget. This often “unexpectedly” diverts resources from other

planned projects and requires “unplanned” additional borrowing. Associated costs

are concerned with a transfer of shocks to other sectors of the economy, squeezing

of planned investments and possible increase of risk premiums on total foreign

debt. Ex-ante hazard preparedness and loss reduction measures may significantly

reduce “unexpected” costs of post-shock responses. The proposed model
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incorporates both ex-ante and ex-post growth efforts and provides a unified

decision-making framework to assess benefits of their synergy. Since the standard

utility theory separates risk-averse (ex-ante) and risk-prone (ex-post) decisions, the

proposed framework is built on more general ideas of stochastic optimization.

Any short term incremental analysis of economic growth underestimates the

impacts of rare catastrophic shocks. To purchase catastrophe insurance or bond

would be a good solution if the catastrophe occurs tomorrow. But it may also occur

in 5, 20, or 100 years, i.e., within a time interval sufficient for implementing loss

reduction measures. From the formal point of view the analysis of the long-term

growth efforts is similar to the design of insurance portfolios in the presence of

catastrophic risks (Ermoliev et al. 1998, 2000). In both cases the main problem

concerns the protection of growth of certain accumulation processes such as risk

reserves of insurers or outputs of the economy. The concentration only on ex-post

options significantly simplifies the analysis, since such measures have to be optimal

with respect to a particular observed shock. An ex-ante solution has to be optimal

(robust), in a sense, against all possible shocks. The search of trade-offs between

ex-ante and ex-post options is impossible just by ranking them. The presence of

ex-ante options also makes impossible to use the so-called recursive equations of

the conventional control theory (Sargent 1978). Major challenges are connected

with analytically intractable structures of realistic accounting models for growth

processes (MacKellar and Ermolieva 1999) and induced by shocks non-convexities

of the resulting stochastic models. The most promising approach is to use the

sophisticated computational techniques of the stochastic optimization. This is becom-

ing increasingly important in financial planning (Zenios 1993; Ziemba and Mulvy

1998).
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Chapter 8

Modeling Macro Scale Disaster Risk:

The CATSIM Model

Stefan Hochrainer-Stigler, Reinhard Mechler, and Georg Pflug

Abstract Developing countries are placing increasing emphasis on improving their

preparedness for and management of disaster risk. We discuss the CATSIM

(CATastropheSIMulation) model developed at IIASA for assistance in such planning

exercises. CATSIM represents a simple but risk-based economic framework for

evaluating economic disaster impacts, and the costs and benefits of measures for

reducing those impacts. CATSIM uses stochastic simulation of disaster risks in a

specified region and examines the ability of the government and private sector to

finance relief and recovery. The model is interactive in the sense that the user can

change parameters and test different assumptions about hazards, exposure, vulnera-

bility, general economic conditions and the government’s ability to respond. As a

capacity building tool it can illustrate the tradeoffs and choices government

authorities are confronted with for increasing their economic resilience to the impacts

of catastrophic events. The model can be used for supporting policy planning

processes for the allocation of resources between ex-ante spending on disaster risk

management (such as prevention, national reserve funds, sovereign insurance) and

ex-post spending on relief and reconstruction. Our paper describes key model

features and mechanics, and sets the stage for model applications to the Nepal and

Hungary/Tisza cases discussed in this volume.

Keywords Catastrophe modeling • Economic impacts • Government risk manage-

ment • Fiscal stability • Development
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8.1 Introduction

The number of natural disasters and associated losses has been increasing due to

population growth and migratory trends from rural to urban areas as well as

increases in the value of exposed assets (IPCC 2011; Munich Re 2009). Although

climate change is often ascribed to increase the frequency and severity of extreme

events, such evidence still remains limited (Solomon et al. 2007). While more

developed countries often are well equipped to cope with the impacts of disasters, in

less developed countries a much larger proportion of the population is severely

affected in terms of loss of life and physical impairment and a substantial strain is

put on a country’s resources, which may lead to important limitations in the ability

to continue financing important social and economic programs (Linnerooth-Bayer

et al. 2005).

Historically, losses in developing countries have been funded by diversions of

funds from the national budget, loans and donations by the international community.

Yet these sources are often insufficient, and ex-post gaps in necessary financing of

disaster losses are frequently encountered. As one example, the earthquake of 2001 in

the state of Gujarat, India led to a significant shortfall between planned government

expenditure, planned funding and actual funding made available (Fig. 8.1).

When stimulus is most needed, such lack of timely funding can lead to important

follow-on effects. Observed empirical effects on macroeconomic variables can be

summarized as follows (see Mechler 2004; Hochrainer 2006, 2009):

• Compared to more developed economies, significant longer-lasting disaster

impacts may be expected depending on the size of event, economic vulnerabil-

ity, and prevailing economic and socio-political conditions.

• In developing countries, GDP falls in the year of the event or the year after, but

rebounds in successive years due to increased investment and capital inflows.

• The public deficit increases due to increased spending needs and decreased tax

revenue.

• The trade balance worsens, as imports rise (need for additional goods) and

exports fall (destruction of goods produced and productive capital stock) post-

catastrophe.

• The inflow of external aid and capital is decisive for the speed of economic

recovery.

Our analysis focuses on some of these issues and discusses the need for proper

ex-ante planning using catastrophe risk modeling as an important element of a

comprehensive disaster risk management approach (Gurenko 2004; World Bank

2008). The discussion presents the IIASA CATSIM (CATastrophe SIMulation)

model, which is a model framework to assess country-wide contingent disaster

obligations and potential financing shortfalls as well as the costs and benefits of

vulnerability – and risk-reduction options. The first version of the model was

originally developed in 2002 to inform the Regional Policy Dialogue of the

Inter-American Development Bank, where it was applied to a number of case
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studies in Latin America (see Mechler et al. 2002 Freeman et al. 2002a; Mechler

2004; Hochrainer et al. 2004). The model has since been revised, extended (includ-

ing the development of a stand-alone application) and utilized by a number of

hazard-exposed countries in other regions such as Asia and Africa (see Hochrainer

2006; Mechler et al. 2006; Hochrainer and Mechler 2009).

The discussion on CATSIM in this chapter is organized as follows: Sect. 8.2

discusses the rationale for financing disaster risk. Section 8.3 describes the

CATSIM approach and its modeling steps, and Sect. 8.4 ends with conclusions

and an outlook to the future. Applications of the model are further discussed in this

book in Chap. 9 for the case of Nepal and Chap. 16 for Hungary and the Tisza

region.

8.2 The Rationale for Financing Disaster Risk

The rationale for financing disaster risk results from the need of highly exposed

countries to protect themselves against resource gaps in dealing with disaster

consequences and their associated long-term negative effects. In order to analyze

it, one needs first to discuss risk, vulnerability and the exposure of the public sector

to disaster risk

8.2.1 Defining Risk and Vulnerability

Risk and vulnerability are concepts with multiple and ambiguous meanings. As an

analytical term, vulnerability has been confusingly used in an array of disciplinary

contexts, including geography, risk and hazard, anthropology, engineering and

ecology. Vulnerability is commonly defined in the context of climate change

Fig. 8.1 Resource gap in India after Gujarat earthquake (Source: World Bank 2003)
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(e.g. IPCC 2007) as a function of both potential impacts and society’s capacity to

adapt to these impacts. A narrower definition that focuses only on the impacted

system is common in the risk/hazards and vulnerability communities. Turner et al.

(2003) define vulnerability as the degree to which a system or subsystem is likely to

experience harm due to exposure to a hazard, either as a perturbation or a stressor.

In this framework, multiple hazards can be caused or aggravated by global-change

phenomena, and risk is a function of the hazard (likelihood and severity) and its

potential consequences (exposure, vulnerability), but usually fails to consider the

coping capacity and resilience (i.e. the ability to return to pre-disaster conditions) of

the exposed system. Risk, vulnerability and resilience are important concepts for

the model-based analysis of the economic impacts of disasters within the CATSIM

model. In the following, we will focus on the concepts of financial and economic

vulnerability as well as risk.

8.2.2 Vulnerability and Risk Related to Natural Hazards

The standard approach in catastrophe modeling is to understand natural disaster risk

as a function of the hazard, the exposure and the physical vulnerability. Hazard

analysis involves determining the type of hazards affecting a certain area with

specific intensity and recurrence. Assessing exposure is concerned with analyzing

the relevant elements (population, assets) exposed to relevant hazards in a given

area. Vulnerability is a multidimensional concept encompassing a large number of

factors that can be grouped into physical, economic, social and environmental

factors. The factors affecting and comprising vulnerability can be listed as follows

(see GTZ 2004).

• Physical vulnerability: factors relate to the susceptibility to damage of engineer-

ing structures such as houses, dams or roads. Factors such as demographic

change and population growth may also be subsumed under this category.

• Social vulnerability: this can be defined by the ability to cope with impacts on

the individual level as well as referring to the existence and robustness of

institutions to deal with and respond to natural disaster.

• Environmental vulnerability: a function of factors such as land and water use,

biodiversity and stability of ecosystems.

• Economic vulnerability: determinants relate to economic or financial capacity to

refinance losses and recover quickly to a previously planned economic activity

path. This may relate to private individuals as well as companies and their

savings and asset base, or to governments that often bear a large share of country

risk and associated losses.

Combining hazard, exposure and physical vulnerability leads to an estimate of

direct risk in terms of potential effects and losses to be expected. As explained

further below, linking direct risk in terms of losses with economic vulnerability

produces indirect risk in terms of macro – or microeconomic risk. Risk
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management aims at reducing direct and indirect risks. Benefits of risk management

are the reduction in risk estimated by comparing the situation with and without risk

management. We denote resilience as the ability to return to pre-disaster conditions;

appropriate organizational structures, know-how of prevention, risk reduction and

response have a decisive influence on resilience.

8.2.3 Fiscal and Economic Implications of Disasters

From an economic perspective, governments are exposed to natural disaster risk

and potential losses due to their two main functions: the allocation of goods and

services (security, education, environmental protection) and the distribution of

income, Schick et al. (2004), as shown in Fig. 8.2.

According to Schick et al. (2004), Stern (2007), in many cases market forces are

unlikely to generate adequate adaptation to disaster risks, broadly because of the

following three reasons: (1) uncertainty and imperfect information, (2) missing and

misaligned markets and (3) financial constraints. In case of a disaster event,

consequently, there may be substantial contingent liabilities as identified in

Table 8.1. Should governments insure or purchase alternative risk financing

instruments for those liabilities? According to an early theorem by Arrow and

Lind (1970) a government may

• pool risks as it possesses a large number of independent assets and infrastructure

so that aggregate risk is negligible, and/or

• spread risk over the population base, so that per-capita risk is negligible to risk-

averse households.

Accordingly governments should behave risk-neutrally and evaluate their

investments only through the expected net present (social) value. In theory, thus,

governments are not advised to incur the extra costs of transferring their disaster

risks if they carry a large portfolio of independent assets and/or they can spread the

losses of the disaster over a large population. Because of their ability to spread and

Fig. 8.2 Government disaster risk
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diversify risks, Priest (1996) refers to governments as “the most effective insurance

instrument of society.” Furthermore, the extra costs of insurance can be significant;

for example Froot (2001) reports insurance costs of up to seven times greater than

the expected loss due to high transaction costs, uncertainties inherent in risk

assessment, the limited size of risk transfer markets and the large volatility of

losses. According to Arrow and Lind (1970) governments should thus not insure

if they are not averse to risks, i.e. if financial risks faced by a government can be

absorbed without major difficulty.

The Arrow and Lind theorem has served as the basis for government strategies

for dealing with risk. In practice, most governments neglect catastrophic risks in

decision making, thus implicitly or explicitly they behave risk-neutrally (Carpenter

et al. 2000). The case against risk aversion, however, may not hold for extreme

events. As early as 1991, the Organization of American States’ primer on natural

disasters stated that the risk neutral proposition is valid only up to certain point and

that the reality in developing countries suggests that those governments cannot

afford to be risk-neutral:

The reality of developing countries suggests otherwise. Government decisions should be

based on the opportunity costs to society of the resources invested in the project and on the

loss of economic assets, functions and products. In view of the responsibility vested in the

public sector for the administration of scarce resources, and considering issues such as

fiscal debt, trade balances, income distribution, and a wide range of other economic and

social, and political concerns, governments should not act risk-neutral (OAS 1991).

In these cases governments should justifiably act as risk-averse agents. This

means that the Arrow-Lind theorem may not apply to governments of countries that

exhibit some or all of the following characteristics (see Mechler 2004):

• high natural hazard exposure;

• economic activity clustered in a limited number of areas with key public

infrastructure exposed to natural hazards (see also Hochrainer and Pflug

2009); and

• constraints on tax revenue and domestic savings, shallow financial markets, and

high indebtedness with little access to external finance.

Table 8.1 Government liabilities and disaster risk

Liabilities

Direct Contingent

Obligation in any event Obligation if a particular event occurs

Explicit Foreign and domestic sovereign

borrowing, expenditureby

budget law

State guarantees for non-sovereign

borrowing and public and private

sector entities, reconstruction of

public infrastructure and assets

Government liability

recognized by

law or contract

Implicit Future recurrent costs of public

investment projects, pension

and health care expenditure

Default of subnational government and

public or private entities, disaster

relief to affected households and

business

A moral obligation of

the government

Source: Schick and Polackova Brixi (2004)
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These conditions are fundamental for assessing the financial vulnerability of a

state. Governments are financially vulnerable to disasters if they cannot access

sufficient funding after a disaster to cover their liabilities with regard to

reconstructing public infrastructure and providing assistance to households and

businesses (Mechler 2004). As an indicator of financial vulnerability, a resource
gap measures sovereign financial vulnerability in terms of the lack of sufficient
savings or funding for relief and reconstruction. The repercussions of large

resource gaps can be substantial. An inability of a government to repair infrastruc-

ture in a timely manner and provide adequate support to low-income households

can result in adverse long-term socio-economic impacts. As a case in point,

Honduras experienced extreme difficulties in repairing public infrastructure and

assisting the recovery of the private sector following Hurricane Mitch in 1998. Five

years after Mitch’s devastation the GDP of Honduras was 6% below pre-disaster

projections.

In considering whether Honduras and other highly exposed countries should

protect themselves against resource gaps and associated long-term negative

consequences, it is important to keep in mind that risk management measures

have associated opportunity costs, which means that they can reduce GDP by

diverting financial resources from other public sector objectives, such as

undertaking social or infrastructure investments. There are a number of countries

like Honduras. Figure 8.3 shows key countries that may need to take a risk averse

approach to disaster risk. For this global set of large observed disaster events, losses

measured in terms of gross national product are significant for a number of smaller

or lower income states, while this ratio becomes smaller for larger and higher

income countries.

As one exemplary case, we discuss the case of Nepal in Chap. 9 of this book.

Nepal is a country subject to high natural disaster risk and with minor capacity of

spreading or pooling the risks. In such circumstances, the Arrow-Lind theorem may

not apply, and the argument concerning the risk spreading capacity of governments –

and the resulting individual cost being negligible – becomes debatable. In reality,

external aid or loans are in dire need post-disaster. In response to evidence and

research on the consequences of disasters, a number of developing and transition

countries, such as Mexico and Colombia, have modified their reactive approaches to

disaster risk and are actively considering risk management and fiscal planning for

risk (Cardenas et al. 2007; Linnerooth-Bayer et al. 2011).

8.2.4 Risk Financing Options for Reducing Financial
Vulnerability

Governments can choose among a variety of traditional and novel pre-disaster risk

financing instruments for reducing their financial vulnerability. The most common

are discussed below:

• A reserve fund holds liquid capital to be used in the event of a disaster. Ideally,

the fund accumulates in years without catastrophes; however, from experience,
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there is considerable political risk of fund diversions to other pressing govern-

ment needs, especially after long periods without serious disaster impacts.

• Insurance and other forms of risk transfer provide indemnification against losses

in exchange for a payment. The most common form of risk transfer is insurance

or reinsurance. Insurance is an important pre-disaster, risk-transfer institution in

that it distributes disaster losses among a pool of at-risk households, businesses

and/or governments and to the reinsurance markets. A catastrophe bond (cat

bond) is an alternative risk transfer instrument where the investor receives an

above-market return when a specific catastrophe does not occur (e.g. an earth-

quake of magnitude 7.0 or greater), but shares the insurer’s or government’s

losses by sacrificing interest or principal following the event.

• Contingent credit arrangements do not transfer risk spatially, but spread it

intertemporally. In exchange for an annual fee, the risk cedent has access to a

pre-specified post-event loan that is repaid at contractually fixed conditions.

In the case of sovereign risk financing, international finance institutions offer

such instruments. Contingent credit options are commonly grouped under alter-

native risk-transfer instruments.

Due to the extreme nature of the losses and the substantial costs involved in such

transactions, disaster insurance and other risk financing instruments generally

Fig. 8.3 Risk as measured by observed events vs. Gross National Product for large disaster events

(Data Source: Mechler et al. 2009; World Bank 2008)
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absorb only specified layers of risk, defined by attachment and exit points (or lower

and upper thresholds based on the recurrence period of the events, as discussed

below). Low layers of risk, for which the risk cedent is able to finance the losses,

will typically be retained. Extreme layers of risk will also not be transferred to other

agents because of the high and exponentially increasing costs of transfer; one

important factor is the uncertainty associated with extreme losses: which

necessitates large sums of backup capital “reserved” by the agent accepting the

risks in order to fulfill her obligation in case of an event.

An example of a layered risk-transfer portfolio is illustrated in Fig. 8.4. In this

case, the lower threshold (attachment point) is illustrated as the 100-year event

(an event with an annual probability of less or equal to 1%) with losses of $1 billion.

The upper threshold (exit point) is the 200-year event with losses of $2 billion. The

lower threshold is in principle determined by the government’s financial vulnera-
bility since it specifies the disaster risk for which the government is in need of

additional financial resources for protecting its portfolio of public assets and

providing emergency response and relief.

8.3 The CATSIM Model Approach

A number of risk modeling companies are involved in catastrophe risk modeling for

insurance and reinsurance companies, to develop adequate financial risk manage-

ment measures such as estimating required reserve capital or the uptake of

Fig. 8.4 A structure for financially managing the public sector’s disaster risk liabilities
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reinsurance contracts (Kuzak et al. 2004). In a similar vein, the CATSIM model

focuses on the portfolios of governments and outlines the costs and benefits of

undertaking risk management options.

8.3.1 Methodology and Structure

CATSIM uses stochastic simulation of a disaster in a specified region and examines

the ability of governments and private sectors to finance relief and recovery. It is

interactive in the sense that the user can change the parameters and test different

assumptions about the hazards, exposure, vulnerability, general economic

conditions and the government ability to respond. As a capacity building tool, it

can be used to illustrate to the authorities the trade-offs and choices they are

confronted with to increase resilience to the risks of catastrophic disasters.

From a methodological perspective, CATSIM approaches the decision and

modeling problem as a two stage decision problem under uncertainty. Figure 8.5

outlines the logic followed in the modeling approach. The objective is to guarantee

the sufficient and timely financing of government post disaster obligations, the

provision of relief to the private sector and the reconstruction of public assets.

In the first, ex ante stage, a part of the government’s budget can be allocated to

undertake risk reduction (e.g. building a dike), or buy insurance and other financial

protection instruments for public assets (such as infrastructure and public buildings)

and relief obligations to the private sector. This reduces the budget available for

investment into regular development-enhancing activities, creating opportunity

costs. The second stage, the decision stage after a disaster, is the ex-post stage

where budget reallocation and other financial decisions are made in order to finance

the funding needs. Yet, financing the losses with ex-post sources also reduces the

budget for investment.

The part of the losses that neither ex-ante nor ex-post options can cover is called

resource gap. This gap in terms of a shortfall of required resources to continue with

key socioeconomic priorities affects key macroeconomic outcomes in the future

such as GDP, government revenue and the budget position, and therefore it also

increases financial vulnerability and consequently future risks.

8.3.2 Methodological Steps of CATSIM

CATSIM is operationalized in five major steps as described below and illustrated

in Fig. 8.6.

Step 1: Risk of direct asset losses (in terms of probability of occurrence and

destruction in monetary terms) is modeled as a function of hazards

(frequency and intensity), the elements exposed and their physical

vulnerability.
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Step 2: Financial and economic resilience for generally responding to shocks is

measured. Resilience is defined as the state or central government’s

accessibility to savings for financing reconstruction of public infrastruc-

ture and providing relief to households and the private sector. Resilience

depends heavily on the general prevalent economic conditions of the

given country.

Step 3: Financial vulnerability, measured in terms of the potential resource gap,

is assessed by simulating the risks to the public sector and the financial

resilience of the government to cover its post-disaster liabilities follow-

ing disasters of different magnitudes.

Step 4: The consequences of a resource gap on key macro variables such as

economic growth or the external debt situation are identified. These

indicators represent consequences to economic flows as compared to

consequences to stocks addressed by the asset risk estimation in step 1.

Step 5: Strategies can be developed and illustrated that build resilience of the

public sector or contribute to the risk management portfolio. The devel-

opment of risk management strategies has to be understood as an adap-

tive process where measures are continuously revised after their impact

on reducing financial vulnerability and risk has been assessed within the

modeling framework.

Ex-Ante Ex-PostDisaster-Event

portfolio of
infrastructure

repair/
replacement

budget budget

risk management
investment

payment by insurance

loans

diversion

Fig. 8.5 Modeling logic of CATSIM
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In the next few paragraphs, we discuss each step in more detail.

Step 1: Assessing disaster risk
In the first CATSIM step, the risk of direct losses is assessed in terms of the

probability of asset losses in the relevant country or region. Consistent with general

practice, risk is modeled as a function of hazard (frequency and intensity), the

elements exposed to those hazards and their physical vulnerability (Burby 1991;

Swiss Re 2000). In more detail,

• Natural hazards, such as earthquakes, hurricanes, or floods, are described by

their intensity (e.g. peak flows for floods) and recurrence (such as a 1 in 100 year

events, i.e. with a probability of 1%).

• Exposure of elements at risk is estimated as total private and public capital stock.

Fig. 8.6 Flow chart of CATSIM methodology
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• Physical vulnerability describes the degree of damage to the capital stock due to

a natural hazard event. The standard method followed here consists of estimating

vulnerability or fragility curves putting the degree of losses in relation to the

intensity of a hazard.

Based on such information, potential losses due to destructive events can be

established for a country, state or region in terms of per cent of capital stock

lost. The data on return periods and losses serve as input to CATSIM for generating

loss-frequency distributions, which relate probabilities to assets destroyed. For

example, Fig. 8.7 shows a cumulative loss-frequency distribution for flood risk in

a hypothetical country. The horizontal axis shows the fraction of capital stock

destroyed by a disaster, and the vertical axis represents the probability that losses

will not exceed a given level of damage. For example, with a probability of 0.9

(90%) flood losses will not exceed 0.1% of capital stock; inversely, there is a 0.1

(10% chance) that such a loss and larger will occur.

Top-down estimates at the aggregate national scale are necessarily rough. Since

most disasters are rare events, there is usually insufficient historical data at hand;

furthermore, it is difficult to include dynamic changes in the system, e.g. change in

exposure and hazards due for instance to population and capital movements and

climate change. To improve the robustness of estimates bottom-up assessments can

be undertaken that involve a detailed analysis of the occurrence of hazards in

certain areas, the exposed elements and vulnerabilities of assets at a more detailed

scale.

An important summary measure of this distribution is the annual expected loss,

the loss to be expected on average every year. The annual expected loss is the sum

of all loss weighted by their probability of occurrence. Graphically, the expected

losses is represented by the area above the cumulative distribution curve. While the

Fig. 8.7 Risk of losses as measured by a cumulative loss-frequency distribution (Source: Freeman

et al. 2002b)
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expected loss is an important metric, it should generally be stressed that risk

management strategies for extreme events focus strongly on the fat tails of the

distribution (the 100 or 200 year events) rather than the average risks.

Step 2: Assessing public sector financial resilience
Based on the information on direct risks to a government portfolio, financial

resilience can be evaluated by assessing government’s ability to finance its

obligations for the specified disaster scenarios. Financial resilience is directly

affected by the general conditions prevailing in an economy, i.e. changes in tax

revenue have important implications on a country’s financial capacity to deal with

disaster losses.

The specific question underlying CATSIM is whether a government is finan-

cially prepared to repair damaged infrastructure and provide adequate relief and

support to the private sector for the estimated damages. For this assessment, it is

necessary to examine government’s resources including those that can be relied on

after the disaster (probably in an ad hoc manner, ex post sources) and resources put
in place before the disaster (ex ante sources). These sources are described below.

Ex post financing sources
The government can raise funds after a disaster by accessing international assis-

tance, diverting funds from other budget items, imposing or raising taxes, taking a

credit from the Central Bank (which either prints money or depletes its foreign

currency reserves), borrowing by issuing domestic bonds, borrowing from interna-

tional financial institutions and issuing bonds on the international market (Benson

1997a, b, c; Fischer and Easterly 1990). Each of these financing sources can be

characterized by costs to the government as well as factors that constrain its

availability (Table 8.2). As an example, disaster taxes are not only expensive to

administer but may add to recessionary tendencies after large scale disasters (e.g.

due to a decrease in consumption).

As a second example, borrowing can also be constrained by existing country

debt. CATSIM assumes that the sum of all loans cannot exceed the so-called credit
buffer for the country. In the Highly Indebted Poor Countries Initiative (HIPC) the
credit buffer is defined as 150% of the typical export value of this country minus the

present value of existing loans (HIPC 2002). These ex post instruments have (often

high) associated costs; even budgetary diversions lead to opportunity costs in terms

of foregoing other government investments like building health clinics, highways or

schools.

Ex ante financing sources
In addition to accessing ex post sources, a government can arrange for financing

before a disaster occurs. Ex ante financing options include the instruments

discussed above such as reserve funds, traditional insurance instruments (public

or private), alternative insurance instruments, or arranging a contingent credit.

These ex-ante options can involve substantial annual payments and opportunity

costs; statistically the purchasing government will pay more than the expected

losses with a hedging instrument than if it absorbs the loss directly. However,
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under the assumption of risk aversion these measures may still be beneficial

depending on the size of potential losses and the degree of financial vulnerability

and risk aversion.

Step 3: Measuring financial vulnerability by the resource gap
Using the information on direct risks to the government portfolio and financial

resilience, financial vulnerability can be evaluated. Financial vulnerability is thus

defined as the lack of access of a government to domestic and foreign savings

for financing reconstruction investment and relief post-disaster. The shortfall in

financing is measured by the term resource gap. The term resource gap has

been defined in the economic growth modeling literature as the difference between

required investments and the actual available resources in an economy.

The main policy recommendation consequently has been to fill this gap with

foreign aid (Easterly 1999).1 Here, this tradition is followed and the resource gap is

understood as the lack of financial resources necessary to restore lost assets and

continue with development as planned. Figure 8.8 illustrates the calculation of this

metric for a hypothetical case.

Given losses due to a certain event, such as the 100 year event (in the example

associated with a public sector loss of 4 billion USD), the algorithm evaluates the

sources for funding these losses. An implicit ordering of these sources is assumed

according to the availability and marginal opportunity costs of the sources: grants

would have the least costs associated as these are donations free of cost to the

recipient, and thus they would be used first. Second, diversions from the budget

could be used, then domestic credit, followed by borrowing from the international

institutions (such as World Bank) and the international markets (bonds).

While in this illustration, a 100-year event could be financed, for a 200 year

event (public sector loss of 10 billion USD), there would be lack of (ex-post)

sources and consequently a resource gap occurs. It is the main objective of

CATSIM to illustrate the costs and benefits of closing this government resource

gap by ex-ante measures and the consequences of not being able to do so. World

Table 8.2 Ex post financing sources for relief and reconstruction

Type Source

Decreasing government expenditures Diversion from budget

Raising government revenues Taxation

Deficit financing Central Bank credit

Domestic Foreign reserves

Domestic bonds and credit

Deficit financing Multilateral borrowing

International borrowingExternal

International Aid

1 This approach has been criticized among others by Easterly (1999) as generally it lacks consid-

ering the role of incentives and institutions in economic growth. Nevertheless, it is without doubt

that capital investment plays an important role in economic growth.
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Bank (2008) added another important dimension to this approach in terms of the

timing of resource flows. As illustratively shown on Fig. 8.9, while enough funding

may become available over time, there may be a temporary resource gap in the

aftermath of a disaster event (here shown to be the first 4 months post event) when

urgent expenditure needs are high, but immediately available financial resources

are often very limited.

While CATSIM is resolved in annual time steps, it considers the fact that the

timing of financial inflows for financing the losses is also important and can differ

for different ex-ante and ex-post instruments.

Step 4: Illustrating the developmental consequences of a resource gap
Financial vulnerability can have serious repercussions on the national or regional

economy and the population. If a government can neither replace nor repair

damaged infrastructure (for example, roads and hospitals) nor provide assistance

to those in need after a disaster, this will have long-term consequences which can be

illustrated by CATSIM. Key aggregate flow outcomes measured by the model are

on the fiscal position of a government and the ensuing GDP effects resulting from

the lack of ability of a government as a key economic agent to act post event.

Governments may brace against these adverse outcomes by implementing physical

and financial risk management measures, and generally a government’ position and

the economy are stabilized against disasters if such measures are adopted. Yet, there

are important opportunity costs associated with spending on risk management and

in the absence of disaster events, economic welfare will be higher if a government

Fig. 8.8 Illustration of methodology for calculating the disaster resource gap (Million USD)
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does not allocate resources to catastrophe insurance or other risk management

measures. This effect is pronounced for financial measures, such as insurance,

where annual premiums have to be paid, whereas for physical measures, such as

building dikes, the key costs are investment costs to be paid once only.

Step 5: Reducing financial vulnerability and building resilience using ex ante
risk management options
Vulnerability and resilience must be understood as dynamic. In contrast to ecologi-

cal systems, social systems can learn, manage and actively influence their present

status quo. There are two types of policy interventions for reducing the financial

vulnerability of the public sector: those that reduce disaster risks by reducing

exposure and physical vulnerability, and those that build financial resilience of

the responding agents. Based on an assessment of the resource gap and potential

economic consequences, CATSIM illustrates the pros and cons of strategies for

building financial resilience using ex-ante financial instruments. In addition to ex

ante financing policy measures (sovereign insurance, contingent credit and reserve

funds) one generic option for loss prevention measures has been implemented in

order to analyze their linkages with risk financing. Normally, few financial ex-ante

options are in place in developing countries, thus the model focuses on analyzing

the pros and cons of such new funding sources, which are considered the decision

variables.

There are important distinctions between risk reduction and risk financing

instruments. While risk financing measures reduce the follow on consequences by

transferring risk or sharing risk with others, risk reduction is directed towards

decreasing physical vulnerability (Fig. 8.10).

In CATSIM, risk reduction is modeled as an accumulating stock, e.g. similar to a

dike used for preventing flooding (see Fig. 8.11). In this representation, there is no

Fig. 8.9 Government resource gap after a natural disaster (Source: World Bank 2008)
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damage if the accumulated risk reduction is able to withstand the theoretical

damages due to an event with a certain return period. In Fig. 8.11 the thick line

shows the damage as a function of the “hypothetical” damage without risk reduc-

tion. No damage occurs up to a given event magnitude. If the magnitude is larger

than this limit, the full “hypothetical” damage occurs.

Furthermore, risk reduction and risk financing options are linked within the

model. If risk reduction is in effect, it reduces the costs of insurance and contingent

credit payments. Thus, risk reduction has the double effect of reducing damage as

well as reducing insurance and contingent credit premiums.

8.3.3 Algorithm for Calculating Financing Available
from Ex-Ante and Ex-Post Sources

The physical damage is translated into a financial loss for the government after

subtracting all ex ante and ex post sources. The existing options are used to the

necessary extent. If all of the physical damage can be covered by ex-ante and ex-

post options the financial loss is zero. Otherwise, if after exhausting all ex-ante and

Fig. 8.10 Reducing and financing risk

Damage

Return period of event

No damage

Full  damage

Fig. 8.11 Model

representation of risk

reduction (Source:

Hochrainer 2006)
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ex-post sources, there still is a net loss, a resource gap, a part of lost capital stock

will remain unreplaced, affecting GDP and leading to lower revenue in the next

period. Table 8.3 shows how ex-ante and ex-post instruments resources are

determined.

Methodologically, we use lexicographic preference ordering as follows: Let

the (monetary) loss distribution for the government be called F. Furthermore,

assume that the government has k instruments (either ex-post and/or ex-ante)

available to finance the losses. In case of a disaster event some or all of the

instruments are used to a given amount to finance the losses. In the simplest case,

there is a strict preference order between the financing instruments, represented

by the resource vector~x ¼ ðx1; . . . ; xkÞ0 in the following way: the first instrument

(with monetary resourcesx1) is preferred before all others until depletion; after-

wards the second instrument (with resources x2) is preferred before all others until
depletion, and so on. Let~xm ¼ ðxm1; . . . ; xmkÞ0 be the maximal (monetary) amount

available for each instrument for a given loss event. Then the loss financing

scheme for a given event with return period 1=y (e.g., for a 100 year event y

would be 0.01) is the solution of depleting resources in the respective order till the

losses ( F�1ð1� yÞ ) are fully financed. In case that
Pk

i¼1 xmi<F�1ð1� yÞ is

fulfilled, a resource gap occurs, and the return period of the event where this

happens for the first time (i.e., all events with lower return periods satisfying

equation
Pk

i¼1 xmi ¼ F�1ð1� yÞ) is called the critical return period. As indicated,
resource gaps will have (possibly long-term) economic consequences, which are

assessed by the economic module discussed next.

Table 8.3 Calculation of ex-ante and ex-post sources

Type of

source Method

Ex-ante

Insurance Claim defined by attachment and exit point

Reserve fund Reserve fund is depleted to the extent necessary up to full depletion

Contingent
credit

Triggered to the extent necessary and “reserved in advance” due to payment of a

fee for the contingent credit; debt is incurred

Risk reduction Damages are reduced to zero, if threshold is exceeded full loss occurs and

accumulated risk reduction investment is lost

Ex-post

Budget
diversion

Maximum diversion is a fixed percentage of revenue

Aid Fixed portion of physical loss, assumed to be 10.4% of losses according to

statistical analysis done with historical data (see Freeman et al. 2002a)

Domestic
credit

Maximum domestic credit available is a fixed fraction of the revenue

Foreign credit Constrained by external debt sustainability indicator and credit buffer. It is

assumed that half of the needed sum comes from multilateral sources and half

from issuing international bonds
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8.3.4 The Economic Module

Financial resilience is part and parcel of the general conditions of the modeled

economy and is analyzed independently of disaster risk. In CATSIM, the macro-

economic module is currently set out as a simple Solow-type growth framework

with the focus on the potential for medium to longer term growth and development

of aggregate economic variables given explicit consideration of disaster risks (see

Barro and Sala-I-Martin 2004 for a discussion of the economic growth literature).

The Solow model (more correctly Solow-Swan model) is considered the workhorse
of economic growth research for studying the longer term potential development of

an economy. In the simple exogenous savings version, economic growth is driven

by the accumulation of capital via the savings-investment relationship and the rate

of depreciation. Modeling economic growth only as a function of capital stock and

the availability of new investment into capital stock has to be regarded as a

limitation of the model. Solow and others have shown in the 1950s that in advanced

countries more than 50% of economic growth can be explained by productivity

increases. This number may not be as large for developing countries, but suggests

that a considerable amount of growth is not purely driven by the amount of capital

but rather its quality (Dinwiddy and Teal 1996). Also, today’s economic theory

generally stresses the importance of incentives, the role of human and social capital

and the importance of robust institutions for economic development (Meier 1995).

On the other hand, it is generally acknowledged that capital investment plays a

major role as a driver of economic growth. CATSIM makes a number of important

modifications to the model:

• The main focus is on the public sector (national or state government), its fiscal

liabilities and risk management strategies; the model is solved accordingly.

• Capital can be destroyed by natural disasters. As the occurrence of disasters is

modeled stochastically, stocks and flows such as assets, budget and GDP become

stochastic variables (labor is currently fixed).

• The private and public sector investment budget can be used for investing in new

capital stock (or maintaining existing), replacing destroyed stocks or for

protecting these assets by the ex-ante risk reduction measures or risk financing.

• There is a fixed government budget to be used for consumption and investment.

Reconstruction of destroyed stocks has to be financed from the budget as well.

Also debt service payments (e.g. due to incurring new debt for purposes of

reconstruction) have to be paid from this budget.

• The investment budget can be used for investing in new capital stock (or

maintaining existing) or for protecting these assets by the ex-ante risk manage-

ment measures risk reduction or risk financing.

Table 8.4 gives an overview of important model components as part of the

modeling approach.

The purpose of the economic module is not to develop estimates for the main

economic variables, but to contrast a baseline to a case with additional ex-ante
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protection for disaster risk and study the associated effects over a certain time

horizon. We use a production function approach which seems most suitable for this

purpose. Currently, in order to represent the production of goods (supply) a simple

Cobb-Douglas function is used with inputs capital and labor.

GDP ¼ AKaLb

where K represents capital stock, L effective labor force, A is a technological

efficiency parameter, alpha and beta represent the production elasticity of capital

stock and labor.

8.3.5 Representing Uncertainty

Another key issue for CATSIM is the analysis of uncertainty (see also Compton

et al. 2009 and Chap. 2 in this book). Three types of uncertainties are considered:

aleatoric uncertainty, parametric uncertainty and model uncertainty. While model

uncertainty (the uncertainty that the model appropriately represents the actual

system) is more difficult to tackle and based on modeler’s choices (see also Chap.

9 in this book for the case of Nepal), aleatoric uncertainty (natural variability) is

considered by the above mentioned loss-frequency distributions. Because of the

simulation approach used, response variables are expected values and it is impor-

tant to determine the parametric uncertainty around these estimates. Confidence

intervals are used to reflect this uncertainty.

Another type of uncertainty, epistemic uncertainty (for a discussion of uncertainties
see Chap. 2 by Compton et al. in this book), is harder to treat mathematically. Usually,

Table 8.4 Overview of important model features of CATSIM approach

Model feature Description

Assumed government

objectives

Provide relief post-disaster and rebuild infrastructure quickly while

maintaining growth

GDP growth Endogenous, GDP falls in year of event, in subsequent years GDP is

determined by investment in previous year

Reconstruction

investment

Government undertakes reconstruction investment for infrastructure,

private sector undertakes reconstruction investment for private

capital

Domestic savings Limited supply, decrease after event, as income falls

Government

consumption

Constant except for year of catastrophe

Private consumption Constant, as low per capita income households increase their propensity

to consume to maintain life-sustaining level of spending

Production function Cobb-Douglas with inputs capital and labor

Treatment of capital Catastrophe destroys capital

Treatment of labor Labor force decreased in year of event

Imports and exports Closed economy assumption
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the mathematical treatment of epistemic uncertainties requires encoding and aggrega-
tion of expert opinions. Different approaches for aggregation exist, however, various

problems arise due to the issues involved in the weighting process (Pate-Cornell

1996), and thus cannot be seen as very reliable proxies for this kind of uncertainty.

In our approach, this kind of uncertainty is dealt with more broadly by involving

key stakeholders from finance ministries, disaster management authorities or civil

society in deliberative processes organized around workshops. These workshop are

facilitated by a standalone software version of CATSIM, which is equipped with a

graphical user interface making it possible to systematically assess expert opinions

(Fig. 8.12).

This approach allows users to change important parameters and assumptions and

study the consequences. Furthermore, as we understand the problem of government

risk financing as a trade-off, this setup allows the user to decide which trade-off he/

she is willing to commit to and which indicators he/she considers most useful for

analyzing the trade-off. The case study on Nepal presented in the Chap. 9 gives

some insight into these modeling and decision structuring elements.

8.4 Conclusions

Governments of developing and transition countries frequently face post – disaster

resource gaps in financing response, relief, and reconstruction, which can have

serious effects on longer-term socioeconomic development prospects. The potential

Fig. 8.12 CATSIM in use to inform planning for disasters with officials from Caribbean

countries, Barbados, June 2006
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for a resource gap and associated adverse consequences provides a rationale for

these countries – overriding the Arrow-Lind theorem – to behave as risk-averse

agents and consider risk financing options for their contingent disaster liabilities.

Risk financing may be implemented using instruments such as catastrophe reserve

funds, sovereign insurance, catastrophe bonds or contingent credit contracts.

CATSIM informs this decision problem, and we suggest, its modeling approach

focusing specifically on risk as well as the translation of direct to indirect risk can be

useful input for informing planning decisions related to sovereign disaster risks.

Also, while in this paper different risk management options were assessed sepa-

rately, more realistic, as well as mixed, strategies can be analyzed with CATSIM,

e.g. spending a portion of the budget on risk reduction and insurance. For such an

analysis, additional information on the preferences and strategies of decision

makers are necessary. To elicit those in interaction with potential stakeholders,

the model has been used for a number of applications and workshops sponsored by

international organizations involved in disaster risk management, which confirmed

the validity of the assumptions and its usefulness for developing sound risk man-

agement strategies. Due to the user interface and its philosophy of using simulation

rather than optimization analysis, the flexibility to consider multiple aspects in

informing decisions constitutes a very important feature of the model. For example,

for the case of Mexico, which insured its liabilities in 2006, CATSIM provided

information on the different layers of seismic risk to the public finances and helped

identify which risks could be transferred to the international markets at an accept-

able cost (Cardenas et al. 2007). Yet, finally, the government insured its potential

post-disaster relief expenditure based on the fact that congress appropriations for a

national reserve trust fund had been volatile and subject to political intervention.

Thus, beyond economic efficiency, timing and equity considerations, the key

objective of the transaction was to achieve security for the planning process.

Clearly, any decision making process will depend on such and many other factors,

including expert as well as subjectively constructed information, and we propose to

embed CATSIM in deliberative processes involving workshops with both

stakeholders and experts leading to mutual learning and hopefully improved

decisions.
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Chapter 9

Managing Indirect Economic Consequences

of Disaster Risk: The Case of Nepal

Reinhard Mechler, Stefan Hochrainer-Stigler, and Kazuyoshi Nakano

Abstract Natural disasters can exert significant economic and developmental

impacts in countries that lack the economic resilience to bounce back post event.

Yet, the brunt of these impacts often goes unrecorded and the information base for

improving the financial and economic management of disaster risk in many

instances is at best limited. Systematic disaster risk modeling can be a starting

point for devising a comprehensive risk management approach. This chapter

presents quantitative modeling analysis using the IIASA CATSIM framework for

assessing economic natural disaster risk for the case of Nepal. We calculate country

level direct disaster risk as well as the corresponding indirect effects using growth

modeling and input-output analysis. We find the economic and fiscal risks posed by

natural disasters in Nepal to be large and potentially long-lasting, particularly when

they are triggered by earthquake risk. As well, disaster events ripple through the

economy and may lead to important distributional effects. Given these results, we

suggest there is a clear case for considering risk in economic and fiscal planning

processes in Nepal and similar heavily disaster exposed countries.
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9.1 Assessing the Economic Impacts of Disasters in Nepal

Economic and developmental impacts of disasters in Nepal have been reported to

be large and significant (Upreti 2006). Yet, as in many other heavily exposed,

developing countries, the brunt of the impacts is hidden, very little quantitative data

is available and there has not been systematic economic analysis of the

repercussions of disaster risk. To tackle these issues and provide a more robust

base for decisions, a consortium composed of the Asian Disaster Preparedness

Centre (ADPC), the Norwegian Geological Institute (NGI) and IIASA developed

an all-hazards risk model for Nepal to help inform effective risk management

strategies (see ADPC, NGI and IIASA 2010). This chapter reports on one project

element, the modeling of the indirect, economic risks of natural disasters in terms of

potential fiscal and macroeconomic impacts using the IIASA Catastrophe Simula-

tion Model (CATSIM) (for a model description see also Hochrainer-Stigler et al.

2012 in this volume). While estimates of direct risk based on an assessment of

hazard, exposure, vulnerability and finally direct risk provide useful information,

we argue – and demonstrate this for the case of Nepal – that information on

economic risk, combining direct risk estimates with economic vulnerability and

resilience, is key for informing decisions. In our analysis, we calculate country level

direct disaster risk as well as the corresponding indirect effects using growth

modeling and input-output analysis. We find the economic and fiscal risks triggered

by natural disasters for Nepal to be large and potentially long-lasting, particularly

when they are triggered by earthquake risk. Given these results, we suggest there is

a clear case for considering risk in economic and fiscal planning processes in Nepal

and similar heavily disaster exposed countries.

The chapter is organized as follows: In Sect. 9.2, we discuss the socio-economic

context and the burdens imposed by disasters on Nepal. In Sect. 9.3, we introduce a

number of options for better handling disasters, which may be informed by our

modeling approach. Before we turn to discussing the application of CATSIM to the

given case (Sect. 9.5), we introduce the main modeling steps in Sect. 9.4. We end

with a discussion of results and some concluding remarks.

9.2 The Burden of Natural Disasters in Nepal

Natural hazards in Nepal are associated with large direct losses and significant

burdens to development. While the direct impacts in theory can be readily observed

(in practice they are often not systematically recorded), many indirect effects go

unnoticed. These are difficult to observe and generally limited data is reported.

In the following we discuss what is available in terms of data regarding

socioeconomic characteristics of the country and information on direct and indirect

observed impacts.
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9.2.1 Socioeconomic Context

Nepal is classified as a low income country with a high prevalence of poverty.

Population under the poverty line recently exceeded 30%. Income per capita in

2008 was only about USD 250 (in constant 2000 USD) and is low even when

compared to the low-income group of countries as defined by the World Bank.

Also, domestic savings are low compared to the other countries classified by the

World Bank as belonging to the low-income group (Fig. 9.1) (World Bank 2009).

Key socio-economic indicators and data for Nepal for the year 2008 are

summarized in Table 9.1. While the World Bank classifies Nepal as a less indebted

country, the level of external debt is high compared to the public budget. As one

important indicator, the present value of external debt as measured against revenue

excluding grants exceeded 247% in 2008. This means that the amount of debt which

the government can additionally borrow from abroad is rather limited given that

250% for this indicator is often considered a threshold for debt sustainability (see

HIPC 2002). Almost all of the external borrowing in Nepal is done by the central

government. Most of the external debt is extended by multilaterals such as the

World and Asian Development Banks. According to the World Development

Indicators, external debt in the private sector was zero in 2008, and the private

sector did not have access to international financial markets.

9.2.2 The Direct and Indirect Burden of Natural Disasters

Nepal is exposed to many different types of natural hazards, including earthquakes,

floods, droughts, landslides and epidemics. Impact data, albeit with limited cover-

age, exists on the direct losses, fatalities and people affected. Looking back over the

last 110 years (1901–2010) for which data exists, earthquakes and flooding can be

Fig. 9.1 Key development and economic indicators for Nepal as compared to the low-income

group (Source: World Bank 2009)
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said to represent the largest threats to human life and economic assets. We focus on

these two hazard types in the following model-based analysis. Table 9.2

summarizes the top ten disasters in terms of people killed, affected and direct losses

over that time period.

Disasters are unevenly spread out over Nepal, and the highest impacts in terms

of loss of life and loss of assets have been reported for Eastern Nepal, where a large

part of the economic assets and the population is located (Upreti 2006).

As indicated above, there is little reported quantitative evidence regarding the full

burden imposed by disasters in Nepal (see Upreti 2006), and next to nothing is known

Table 9.1 Socio-economic indicators for Nepal (year 2008)

Social indicators

Population 28 million

Surface area 147,180 km2

Population density/km2 200

Population growth 1.8%

Life expectancy at birth 66

Infant mortality (per 1,000 live births) 40

Poverty (% of population below national poverty line) 31

Economic indicators

GDP 7.3 billion USD

GDP per capita 253

GDP growth 5.3%

Fiscal revenue excluding grants 12.2% of GDP

Fiscal revenue including grants 15.8% of GDP

Inflation, consumer prices 10.9%

Present value of external debt (current USD) 2.2 billion USD

Present value of external debt 247% of revenue excluding grants

Source: World Bank (2009)

USD values in 2000 USD terms if not indicated otherwise

Table 9.2 Top 10 natural disasters in terms of people killed, affected and losses over the period

1901–2010

Disaster Date Killed Disaster Date Affected Disaster Date Lossesa

Earthquake 1934 9,040 Drought 1979 3,500,000 Flood 1987 728

Epidemic 1991 1,334 Drought 1972 900,000 Earthquake 1980 246

Flood 1993 1,048 Flood 2004 800,015 Flood 1993 200

Epidemic 1950 1,000 Flood 2007 640,706 Earthquake 1988 60

Flood 1996 768 Flood 1993 553,268 Flood 2009 60

Earthquake 1988 709 Flood 1987 351,000 Flood 1998 22

Flood 1981 650 Earthquake 1988 301,016 Drought 1972 10

Epidemic 1992 640 Landslide 2002 265,865 Flood 1983 10

Landslide 2002 472 Earthquake 1980 240,600 Flood 2000 6.3

Flood 1970 350 Flood 1983 200,050 Wildfire 1992 6.2

Source: CRED (2010)

Note: Economic losses in this table means direct asset losses, which is not the same as the indirect,

economic impacts discussed further below
aIn million current USD
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about the economic implications including the macroeconomic impacts. It is known,

however, that being a resource-constrained and least developed country (LDC), Nepal

has been suffering disaster losses in the range of several billion rupees annually over the

last few years. Also, the government of Nepal is already highly dependent on foreign

assistance and lending, and about a third of the country’s income stems from foreign

aid with 64% of development spending disbursed by multilaterals (Bhattarai and

Chhetri 2001). It comes as no surprise that foreign assistance for disasters has been

large and rising as documented in Fig. 9.2 for the period 1983–1994, for which data was

available.

Given a fragile economy exposed to substantial disaster risk, the government of

Nepal is faced with developing far-reaching strategies, programmes and projects in

order to ensure that key development and poverty alleviation objectives are achieved. It

seems important to inform such planning by estimates of natural disaster risk and its

potential economic repercussions. A number of entry points for better planning and

managing risk exist, and in the following we discuss important disaster policy options,

and particularly refer to those which our modeling approach may inform.

9.3 Policy Options for Managing Disaster Risk

9.3.1 Overview

Many options for reducing and managing disaster risk are available, in principle.

After the fact (ex post) efforts such as providing relief and reconstruction are ever

Fig. 9.2 Foreign assistance for disaster relief spending from 1983 to 1994 (Source: Upreti 2006).

Note: In million Nepalı́ rupees. In 1994, 49.4 Nepalı́ rupees were equivalent to 1 USD (World

Bank 2012)
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important and still dominate the field. Yet, as resources post-disaster are often very

limited and risks are increasing, there is a critical need for stronger implementation

of ex antemeasures, which can be subsumed under the headings of risk assessment,

risk prevention, preparedness and risk financing (see Table 9.3). All options need

robust input from various sources, and those measures that are shaded in grey can be

informed by our model-based analysis presented in this chapter.

In terms of ex ante approaches involving an estimate of risk, impact/risk

assessment and planning can be informed using economic risk analysis; impor-

tantly, if risk is considered to be large, it should be mainstreamed into development.

For risk prevention, economic incentives play a role, which can be informed by

estimates of the developmental cost of disasters as well as the benefits of reducing

those; education and awareness-raising is another important category for ensuring

risk prevention. Risk sharing and financing options need to be based on economic

analysis in order to properly identify which risks to keep, finance or transfer. In

terms of ex post approaches, often involving an (deterministic) analysis of impacts,

response options can be informed by economic loss assessments, consequently

leading to the mobilization of financial and other recovery resources from sources

such as the public sector, multilaterals or the insurance sector. For matters of

reconstruction and rehabilitation, economic modeling can be helpful for designing

options for revitalizing affected sectors such as tourism, agriculture, exports etc., as

well as for sound macroeconomic and budget management in order to stabilize and

protect social expenditures.

9.3.2 Planning Economic Risk

Our analysis focuses to a large extent on risk assessment and planning aspects of

risk management. As one entry point, disaster risk can be incorporated into devel-

opment plans and mainstreamed into strategies, plans, the budget, policies,

regulations, programs and finally projects as shown in Fig. 9.3.

This analysis refers to integrating disaster risk with budget planning; the

associated planning problem is one of contingency liability planning with fiscal

disaster risk resulting from explicit and implicit contingent public sector liabilities.

Before explaining in Sect. 9.4 how this problem is operationalized in CATSIM, we

shortly discuss the relevance of risk for this as well as other problems in the context

of decision making under risk.

9.3.3 Relevance of Risk for Assessing Options

Determining how much should be invested in risk reduction and how much in risk

financing is not a straightforward proposition. It ultimately depends on the wider

costs and benefits of both types of activities, on their interaction (e.g., financial

instruments, through incentives, can influence prevention activities, see
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Linnerooth-Bayer et al. 2011) and their acceptability. Cost and benefits, in turn,

depend on the nature of the hazard and risk. One way to think about the interaction

and effectiveness of prevention and risk financing is by taking a layering approach

shown in Fig. 9.4 (see also Chap. 16 in this book by Hochrainer-Stigler et al.).

For the low – to medium-sized loss events, which happen relatively frequently,

prevention is likely to be more cost effective in reducing burdens. The reason is that

the costs of prevention often increase disproportionately with the severity of the

consequences. Moreover, individuals and governments are generally well able to

finance lower consequence disaster events from their own means, for instance,

savings or calamity reserve funds, and including international assistance. The oppo-

site is generally the case for risk-financing instruments, including reserve funds,

catastrophe bonds and contingent credit arrangements. These instruments do not

reduce losses, but the variability around the losses, and thus only become cost-

effective at higher costs associated with lower probability (e.g., at 100 year events).

For this reason, it is generally advisable to use risk based instruments mainly for

lower probability events that may have debilitating consequences (catastrophes).

Finally, as shown in the uppermost layer of Fig. 9.4, individuals and governments

will generally find it too costly to use risk financing (or risk reduction) instruments

against very extreme risks occurring less frequently than, say, every 500 years.

Overall, by taking a probabilistic approach, we can inform the full spectrum of

options across the continuum of risk measures. As described below, our analysis

which is based on the CATSIM model, provides an illustration of a probabilistic

analysis.

9.4 Assessing and Planning for Economic Risk: CATSIM

When applying CATSIM to the Nepal case, we generally follow the approach

discussed in Hochrainer-Stigler et al. (2013), but add a sectoral impact analysis

module based on a Social Accounting Matrix (SAM) approach in order to represent

Fig. 9.3 Planning for disaster risks (Source: Bettencourt et al. 2006)

152 R. Mechler et al.

http://dx.doi.org/10.1007/978-94-007-2226-2_16


the distributional impacts of disasters. To properly introduce the analysis, we

shortly describe the CATSIM methodology, which is organized around five steps,

and we then give more emphasis to the analysis of aggregate and sectoral impacts as

essential for step 4.

9.4.1 Methodological Steps of CATSIM

Step 1: Assessing asset risk
In the first step, risk is assessed in terms of the probability of asset losses (also called

direct losses) in a relevant country or region. Consistent with general practice, risk

is modeled as a function of hazard (frequency and intensity), the elements exposed

to those hazards and their physical vulnerability. We assume that in the case of a

disaster event, the government of Nepal will need to take responsibility for the

following: (i) reconstruction of public assets: roads, bridges, schools, hospitals; (ii)

provide relief and reconstruction support to private households and businesses

temporarily affected; (iii) provide relief to the poor. This step in the methodology

of CATSIM involves devising loss-frequency distributions, which relate

probabilities to loss of assets.

Step 2: Assessing economic and fiscal resilience
A key aspect in CATSIM is the operationalization of economic and fiscal resilience.

The focus is on the availability of internal and external savings of a country or region

to spread risks and refinance losses as well as increased post-disaster expenditure

needs, e.g. for supporting the private sector with relief and recovery assistance. Fiscal

resilience is determined by the general conditions prevailing in an economy, i.e.,

Fig. 9.4 The layering approach for risk reduction and risk financing
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changes in tax revenue have important implications on a country’s financial capacity

to deal with disaster losses. Governments can raise resources ex post or after a

disaster by diverting funds from other budget items, imposing or raising taxes, taking

credit from the Central Bank (which either prints money or depletes its foreign

currency reserves), borrowing by issuing domestic bonds, borrowing from interna-

tional institutions, issuing bonds on the international markets, and finally asking for

outside assistance (Benson and Clay 2004; Fisher and Easterly 1990).

In addition to accessing ex post sources, a government can arrange for financial

provisions before a disaster occurs (ex ante). Ex ante financing options include

reserve funds, credit lines, traditional insurance instruments (public or private),

or alternative insurance instruments, such as catastrophe bonds. These ex ante options

can involve substantial annual payments and opportunity costs. Each of these

financing sources is characterized by costs to the government as well as factors that

constrain their availability, which are assessed by the CATSIM module. Sources not

considered feasible are not included in the module. As an example, disaster taxes are

expensive to administer and generally are not part of the public sector financing

portfolio. Borrowing to finance deficits in the budget is heavily constrained by

existing deficits and debt. To provide detail regarding the debt constraints, we employ

a debt threshold for the present value of debt of 250% of revenue, which is often

considered a critical debt threshold not to be exceeded (see HIPC 2002).

Step 3: Measuring financial and fiscal vulnerability by the “resource gap”
Using the information on direct risks and fiscal resilience, financial (or fiscal)

vulnerability can be evaluated. Financial vulnerability is thus defined as the lack of

access of a government to domestic and foreign savings for financing reconstruction

investment and relief post-disaster. The shortfall in financing is measured by the term

resource gap (or fiscal/financing gap). The resource gap is understood as the lack of

financial resources to restore assets lost due to natural disasters and to continue with

development as planned.

Step 4: Mainstreaming disaster risk into development planning
Ultimately the implications of disaster risk on economic development and other “flow

variables” is of major interest when mainstreaming disaster risks into development

planning and macroeconomic analysis. For that matter, direct risk, fiscal vulnerability

and the prevalent economic conditions in Nepal are combined in order to derive an

estimate of potential fiscal and macroeconomic impacts, such as in terms of GDP

effects.

Step 5:Reducing risk and building resilience
CATSIM can illustrate the pros and cons of strategies for building economic and

fiscal resilience using ex-ante financial instruments. Vulnerability and resilience are

understood as properties of dynamic economic and social systems, which can adapt

and manage shocks and surprises. As discussed, there are two broad types of risk

based policy interventions: those that reduce the risks of disasters by reducing

exposure and physical vulnerability, and those that build resilience of the responding

agencies, e.g. by using financial risk management options. As CATSIM for the case

of Nepal was used to examine and document disaster risk rather than test and examine

options, for the present case we do not go into further detail on this model feature.
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9.4.2 Modeling Aggregate Impacts

This analysis focusses on step 1 of CATSIM, or risk assessment, and in the

following section we provide more detail regarding some technical aspects of

modeling economic disaster risk. For the aggregate impacts, a production function

approach is utilized for assessing GDP losses. As is standard practice in macroeco-

nomics, a Cobb-Douglas type production function specification is used to project

GDP based on inputs of capital and labor.

Y ¼ AKaLb (9.1)

where K is capital, L is labor, Y represents GDP, and a, b are the production

coefficients. For Nepal, parameters of the production function are estimated using

data on GDP, capital and total labor force from 1980 to 2004 as given by the World

Bank Development Indicators (World Bank 2012). Table 9.4 shows the results for

the estimation of these parameters.

In a next step, GDP is “shocked” by reducing capital by a fraction DK lost in a

disaster event

DY ¼ AK a L b � ADK a L b (9.2)

The fraction of capital destroyed is determined by the asset loss distributions

determined in Step 1. The decrease in capital stock in each event scenario can be

obtained from random draws from the loss distribution used in CATSIM.

9.4.3 Modeling Sectoral Impacts

A disruption of one industrial sector can affect other economic agents through

interdependencies within an economy. This is called a higher order effect. Disrup-

tion in one factory, for example, would lead to reduced orders for needed

components. It would cause its suppliers to decrease their production and, in turn,

to reduce their orders for inputs. This would continue up the supply chain. In a

similar vein, the shutdown of a factory leads to decreases of demand for labor. This

decreases the income of households, which in turn reduces final consumption of

products leading to multiplier effects within the economy.

Table 9.4 Parameters of the

aggregate production function

for Nepal

Coefficient S.E t value P-value

Constant 4.64 2.02 2.295 0.0316

Capital 0.46 0.06 7.149 0.001

Labor 0.60 0.20 3.005 0.007

R square: 0.996
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Multipliers and sectoral impacts can be estimated employing Input-output (I-O)

analysis. I-O analysis is a standard method to study the interlinkages between

economic sectors and the interconnectedness within an economy. An I-O table

displays the flows of transaction within an economy. A Social Accounting Matrix

(SAM) is an extension of an I-O model and additionally summarizes the distribu-

tion of income across certain types of households (see Stone 1961; Pyatt and

Thorbecke 1976; Pyatt and Roe 1977). I-O and SAM analyses are common tools

for the estimation of economic losses from natural disasters (see for example

Okuyama 2008).

Figure 9.5 illustrates the logic of the SAM approach as employed in this study

for Nepal. It starts from defining a so-called primary loss for each industry at first,

which is the loss in output caused by the loss of capital stock discussed above and

distributed over the economic sectors.

Based on the information of the primary loss, higher-order effects can be

calculated using the SAM multiplier matrix. Because a SAM is a demand-driven

model, the input data must be indicated in terms of change in demand. A change in

demand is calculated by dividing the primary loss by the diagonal elements of the

multiplier matrix (see Okuyama and Sahin 2009). Economic losses are then calcu-

lated by multiplying the demand change to the multiplier matrix.

For the Nepal analysis, we employ the Social Accounting Matrix as calibrated by

Acharya (2007) for Nepal. Based on the loss distributions estimated with CATSIM

and the aggregate GDP estimates presented above, we calculate sector specific

losses and income impacts for household groups taking into account higher-order

effects. The characteristics of the SAM approach for the given case are as follows

(see also Appendix for the multiplier matrix): (i) Three economic sectors are

considered, (ii) the inputs to production are capital, low-skilled labor and high-

skilled labor; (iii) there are four population groups earning income: urban

households, large rural households, small rural households, and landless rural

households.

Primary loss for each industrial sector

Change in final demand

Dividing the changes in output by the 
diagonal term of the multiplier matrix

Loss for each sector
(Higher order effect) 

Multiplied by Multiplier matrix

Income impact for households

Fig. 9.5 Outline of the social accounting matrix approach
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9.5 Results

We report results in terms of direct risk estimates, assessments of the economic

risks as well as distributional impacts.

9.5.1 Assessment of Direct Asset Risks (Step 1)

In the first step, probabilistic asset risks for earthquake and flooding as well as the

combined risks are estimated. Using information available on assets in Nepal as

calculated for the project (see ADPC, NGI and IIASA 2010), a total value of capital

stock of USD 75.3 billion is computed. As shown in Table 9.5, the values at risk for

which the government is liable (contingent liabilities) are approximated overall at

USD 37.7 billion. The calculation is made as follows: because little information is

available on public sector capital stock in Nepal, it is assumed (in line with global

averages) that approximately 30% of the total capital stock is public. Since one

third of the population of Nepal is poor, the government will additionally absorb a

large extra burden in the case of a disaster. Consistent with average figures (see

Burby 1991; Freeman et al. 2002), it is further assumed that the government will

have to spend an amount equivalent to another 20% of the total asset losses in order

to provide relief.

The exposure information is combined with vulnerability and hazard data, and

leads to individual loss distributions for flood and earthquake risk (see ADPC, NGI

and IIASA 2010). These estimates are broadly based on the 1833 and 1934

earthquake events (estimated to have been 500 – and 100-year events, respectively)

as well as 10-, 50 – and 100-year flood events (see Tables 9.6 and 9.7).

Table 9.5 Assets and

government liabilities
Type Billion USD

Private capital 52.8

Public capital 22.5

Total capital 75.3

Government contingent liabilities (public

assets and assistance to private sector

and households)

37.7

Table 9.6 Return periods and losses for flooding

Return Period Probability Losses(Million Nepali Rupee) Losses(Million USD)

10 0.9 6,464 92

50 0.98 7,580 108

100 0.99 8,132 116
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For our model-based economic risk assessment, a continuum of possible future

risk scenarios is necessary, which requires fitting a whole distribution to these point

estimates. Also, a convolution of flood and earthquake risk is required. Due to the

small number of loss return periods available for the estimation of the extreme

value distribution, past loss observations from the EM-DAT databases are also used

to parametrize the distributions. Extreme value distributions were chosen from the

broad class of the Generalized Extreme Value (GEV) distribution as well as the

Generalized Pareto (GPD) and Weibull distributions. The GEV distribution

performed best and was ultimately selected. This distribution is defined as:

HxðxÞ ¼ expð�ð1þ xxÞ�1=x if x 6¼ 0

expð� expð�xÞÞ ifx ¼ 0

�
(9.3)

where1þ xx>0

In order to account for the uncertainty associated with the estimation procedure,

uncertainty bounds in the form of a central estimate (most probable case) as well as

low and high estimates are examined. It is reasonable to assume that earthquakes

and floods will occur independently, and we perform a convolution to get a joint

loss distribution for Nepal. Convoluting two independent distributions with

densities “f” and “g” is defined as:

ðf � gÞðxÞ ¼
Z

Rd

f ðyÞgðx� yÞdy (9.4)

We arrive at a joint distribution including low, central and high estimates with

the following estimated losses (Table 9.8, Fig. 9.6).

Table 9.8 Potential joint losses associated with combined flood and earthquake risk

Low estimate

(Billion USD)

Central estimate

(Billion USD)

High estimate

(Billion USD)

20-year event loss 4.5 5.3 8.0

50-year event loss 7.0 9.7 10.5

100-year event loss 8.7 12.2 13.9

250-year event loss 12.0 16.8 17.6

500 year event loss 12.1 17.0 30.8

Table 9.7 Return periods and losses for earthquake risk

Return Period Probability Losses(Million Nepali Rupee) Losses(Million USD)

100 0.99 1,017,827 14,540

500 0.998 1,102,685 15,752
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9.5.2 Estimation of Fiscal Resilience of the Public Sector (Step 2)

An understanding of the sources for financing disasters in Nepal, including the costs

and constraints, is crucial for planning a sound disaster risk management strategy.

Concerning ex-post sources, Nepal is constrained by its fiscal inflexibility and low

revenue base. Diversion from the budget is considered highly constrained, and

therefore we assume that, as a maximum, 10% of the budget can be diverted. In line

with empirical estimates across a sample of events, international assistance is

assumed to be up to 10.4% of the total losses (see Freeman et al. 2002). Also,

Nepal has very limited access to international capital markets, and thus it is

assumed that Nepal can borrow only from multilateral sources at concessional

rates and cannot issue any bonds in the international capital markets post disaster.

The present value of external debt is over 240% of revenue in 2008. This means that

the amount of debt which the government can additionally borrow from abroad is

quite limited if a debt of 250% of revenue is considered a binding threshold for debt

sustainability (see Table 9.9).

9.5.3 Fiscal Vulnerability and the “Resource Gap” (Step 3)

Summarizing all potential sources, the CATSIM model can provide an estimate of

the government’s fiscal vulnerability. It is most meaningful to assess the fiscal and

economic consequences of exposure to both hazards jointly, as those are independent

and thus may coincide in a short time span.

Fig. 9.6 Joint flood and earthquake risk distribution
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Given the assumptions and data as described above, Nepal’s fiscal vulnerability to

the combined risk is shown in Fig. 9.7 for the central estimate (we do not further show

results for the low and high estimates in order to simplify the discussions and results

generally are similar for these uncertainty ranges).

Fiscal vulnerability is considerably high and already for an event as frequent as a

20-year return period, the public authorities in Nepal would face difficulties raising

sufficient funding. Here, the resource gap could amount to more than USD 1.3

billion, given our analysis. Available funding for this event includes aid inflows,

which could amount to as much as USD 800 million, USD 50 million may be

diverted from the budget, and another USD 150 million could be borrowed on

highly concessional terms, such as offered by the World Bank through the Interna-

tional Development Bank (IDA). Keeping data limitations and restrictive

Fig. 9.7 Fiscal vulnerability and resource gap for the joint risk distribution (central estimate)

Table 9.9 Sources for

financing disaster losses in

Nepal

Source Parameter value used

International donor assistance 10.4%

Diversion from budget 10%

Domestic bonds and credit 0

Multilateral borrowing Very limited

Reserve fund 0

International borrowing 0
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assumptions in mind, this analysis shows that the government of Nepal has vastly

insufficient financing resources available for tackling a relatively frequent 20-year

event. The key driver behind the losses is earthquake risk, which is almost two

magnitudes higher in terms of losses than flood risk.

9.5.4 Mainstreaming Disaster Risk into Macroeconomic
and Development Planning (Step 4)

As a next step, risk and fiscal vulnerability is integrated with a model of the

economic system in order to assess aggregate fiscal and economic effects.

9.5.4.1 Aggregate Analysis

As discussed, in order to mainstream and assess risk, a production function is

established relating assets to flow variables (consequences of business interruptions

etc.). Now using stochastic sampling approaches, fiscal and macroeconomic

projections taking account of risk can be performed. Figures 9.8 and 9.9 show a
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Fig. 9.8 Potential fiscal impacts due to the joint risk of flood and earthquake
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selection of trajectories for fiscal and macroeconomic impacts for Nepal.1 In

Fig. 9.8, potential trajectories for government revenue (less repayments for debt)

are outlined. This variable is a useful indicator representing budget flexibility (fiscal
space) after mainstreaming disaster losses and government relief requirements into

the projections. The graph shows that in the cases without disasters, budget flexi-

bility would increase; yet in many instance, there is a potential for disasters

seriously affecting budget flexibility, which in a number of scenarios would be

highly reduced over the 10 year modeling time horizon.

We can further investigate fiscal space under disaster risk using the present value

of government resources, discounted over time, and compare this to a baseline case

without including disaster risk (see Table 9.10). In year 10, fiscal space as measured

by the present value of budgetary resources would decrease on average by about

30% when explicitly factoring in disaster risk, and the standard deviation would

equal about 36%. Considering another indicator for fiscal risk, the probability of a
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Fig. 9.9 Potential GDP impacts due to joint risk of flood and earthquake. Note: the time period

considered is 2011–2020

1 In the calculation, it is assumed that the private sector invests a certain ratio of GDP to capital if

no disaster happens. If a disaster happens, the private sector does not get external funding for

recovery (as it does not have access to the financial markets), so that the damaged capital cannot be

restored immediately.
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resource gap, which is estimated at close to 60%, it seems very likely that events

may occur in the near future that deteriorate public finances and cause longer term

adverse macroeconomic impacts.

In a next step, aggregate economic risk is modeled and Fig. 9.9 identifies

aggregate impacts on GDP based on risk, very limited resilience of the private

sector and limited resilience of public authorities to respond. The GDP indicator

shows that given limited resilience, disaster events may result in a lower economic

growth trajectory. As with the fiscal impacts, the occurrence of such trajectories is

stochastic and depends on the probability distribution of the losses (about 10,000

trajectories are calculated in this analysis). In a number of cases, GDP would be

significantly reduced compared to the business-as-usual case.

9.5.4.2 Intersectoral Linkages

In a next step, we calculate the intersectoral impacts of disaster risk. Due to

computational complexities involved in running the stochastic scenarios, the

SAM approach cannot easily be reconciled with the risk analytical methodology,

and we thus focus on a scenario earthquake event with a 100-year return period,

which is roughly equal in intensity to the devastating event of 1934. The disastrous

event of 1934, the so called Bihar/Nepal Earthquake, heavily affected the capital

region of the Kathmandu Valley, killed about 9,000 people, destroyed 20% of the

valley’s assets and severely damaged another 40%. For such an event, asset losses

of about USD 14.5 billion have been estimated for today as documented in

Table 9.2. The primary affected sectors are housing, education, health, transporta-

tion, industry (manufacturing), and power infrastructure. Among them, the shut-

down of the manufacturing sector would most seriously decrease its purchases of

intermediate input. This study, therefore, focuses on the ripple effect due to a

shutdown of the manufacturing sector. Table 9.11 and Fig. 9.10 summarize the

primary loss and calculated loss as well as income impact of households for this

scenario earthquake as one example. It can be observed that the primary GDP loss

(about USD 730 million) is doubled (about USD 1,420 million) by the multiplier

effect as economic interdependencies reduce demand for agricultural goods as well

as commercial and public services. The total value of the higher order loss would

thus amount to as much as approximately 19% of current GDP, which seems

reasonable for such a catastrophic event destroying a fifth of the total assets

in Nepal.

Table 9.10 Indicators for fiscal risk (in year 10 of the modeling time horizon)

Key variable

Decrease in PV of

budget revenue (mean)

Decrease in PV of budget

revenue (standard deviation)

Probability of

resource gap

Joint earthquake and

flood (central

estimate)

29.7% 36.2% 57.8%

Note: PV is present value
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As to the distribution of the shock, income losses may spread from urban areas to

the countryside due to reduced demand for agricultural commodities by those

directly affected. Consequently income for rural households, which are not directly

affected by such an event, would ultimately also be reduced (Fig. 9.11).

Our analysis underlines the potentially large distributional effects of a catastro-

phe event, such as a 100-year earthquake, on overall GDP as well as associated

linkage effects on the different households considered. It is worth noting that it

would be desirable to crosscheck our results with recorded economic impacts

associated with large disasters in Nepal, particularly impacts for the 1934 catastro-

phe. Yet, as outlined in the introduction, these effects are often hidden, and for the

1934 event, beyond discussions regarding the immense suffering, there is no public

Table 9.11 Primary and higher order losses of a scenario earthquake of the severity of the 1934

earthquake (current million USD)

Sector Primary GDP loss Higher order GDP loss Income loss

Agriculture – 383.3 –

Industry 731.5 731.5 –

Commercial service – 228.6 –

Public service – 80.7 –

Urban household – – 201.4

Large rural household – – 143.0

Small Rural household – – 181.9

Landless rural household – – 97.3

Total 731.5 1,424.1 624.5

% GDP 10% 19%
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Fig. 9.10 Primary and higher order losses for a 1934 scenario earthquake (in absolute USD terms)

164 R. Mechler et al.



record of the economic effects. Also, it has to be noted here, that this analysis is of

short term nature (1 year) and in the medium term response mechanisms facilitating

a recovery would need to be considered. Using the CATSIM framework, risk and

disaster management options may be identified and tested in this modeling frame-

work, which, however, was not the purpose of the project, and had to be left as a

potential consideration for further model applications.

9.6 Discussion and Conclusions

Disasters are considered a serious threat to lives and property in Nepal. The disaster

burden imposed is considered heavy, yet little is known regarding the true eco-

nomic impacts and losses. For this matter, economic risk analysis involving catas-

trophe modeling was undertaken and formed an important part of the project on

developing an all-hazards model for Nepal.

The risk-based economic analysis reported here centered on examining the

fiscal and economic effects of earthquake and flood risk across Nepal, which are

often considered the key hazards leading to macroeconomic impacts. The anal-

ysis shows that the economic and fiscal risks posed by natural disasters are large

-
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Fig. 9.11 Income effects for an earthquake of the size of the 1934 event
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for Nepal, and there is a clear case for considering these impacts in economic

and fiscal planning. In particular, earthquake risk, for which a 100-year event of

the size of the 1934 event may mean losses of about USD 15 billion, can lead to

large fiscal and economic impacts. Yet, given limited fiscal resilience, an event

as frequent as every 20 years may already lead to a resource gap, which is

defined as the inability to provide key relief and reconstruction requirements

post disaster. If disaster risk is explicitly considered in economic planning and a

10-year time horizon, we find fiscal space reduced by about 30% compared to a

case without consideration of disaster risk. Finally, when using a social account-

ing matrix approach to derive intersectoral linkages, we estimate that a large

disaster event, such as that of the size of the 1934 earthquake would lead to

substantial (in the range of 20%) reductions in GDP due to linkages across

primarily unaffected sectors, such as agriculture.

As a key application, the economic modeling presented may inform contingency

liability planning in disaster exposed and vulnerable countries. As another applica-

tion, CATSIM modeling may inform relief and reconstruction efforts post event.

The analysis demonstrates that disasters like earthquakes and floods may ripple

through an economy and indirectly affect sectors that were not impacted directly by

the disaster event. As a consequence, it is worth considering important cross-sector

linkages in any strategy that touches upon the consequences of disaster risk on the

economy overall.

We conclude that in the face of massive disaster risk coupled with limited

resilience, the Nepalese government should consider a position of risk aversion,

and risks should be explicitly accounted for (ex ante approach). The need for

taking a risk averse position can also be supported by looking at the empirical

indicators related to disaster spending shown in Sect. 9.2. Even in the absence of

major disasters, the government of Nepal is already highly dependent on foreign

support, with about a third of the country’s income from foreign aid and more

than 60% of development spending financed by multilaterals. As disasters and

the necessary spending for relief and reconstruction often lead to a significant

loss of these scarce resources, implementing options for limiting such a drain on

funding is important.

Finally, a word of caution has to be expressed regarding model calibration as

well as the risk estimates. The results are necessarily associated with considerable

uncertainties, which were captured by us where possible. For example, we used

mean estimates and also incorporated uncertainty in terms of estimates of low and

high risk. These often large uncertainties need to be factored into any analysis, and

before attempting to derive very specific policy recommendations for risk manage-

ment, there is a need for further investigations and discussion with key experts and

stakeholders on policy priorities including disaster risk options. In Nepal, a process

involving the Ministry of Home Affairs, donors and development banks has been

initiated. We hope that the modeling presented here may ultimately contribute to

better bolstering Nepal against disaster risk.
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Appendix

SAM Multiplier Coefficients Table for Nepal Based on Acharya
(2007)

Agriculture Industry Commerce

Public

sector

Wage

to low-

skilled

labor

Wage to

high-

skilled

labor Capital

Urban

household

Large

rural

household

Small

rural

household

Landless

rural

household Firms

Agriculture 1.94 0.78 0.72 0.62 1.13 1.03 0.89 1.05 0.74 1.22 1.33 0

Industry 0.43 1.50 0.42 0.41 0.58 0.54 0.47 0.53 0.43 0.67 0.60 0

Commerce 0.64 0.47 1.65 0.53 0.74 0.74 0.63 0.90 0.54 0.71 0.72 0

Public sector 0.20 0.17 0.22 1.17 0.27 0.25 0.21 0.26 0.19 0.26 0.33 0

Wage to

low-skilled

labor

0.74 0.44 0.54 0.56 1.54 0.51 0.44 0.54 0.37 0.57 0.62 0

Wage to

high-skilled

labor

0.20 0.19 0.18 0.29 0.18 1.17 0.14 0.18 0.13 0.19 0.20 0

Capital 0.96 0.75 0.96 0.52 0.77 0.73 1.63 0.80 0.54 0.81 0.84 0

Urban household 0.56 0.41 0.50 0.42 0.71 0.81 0.66 1.45 0.31 0.46 0.49 0

Large rural

household

0.39 0.29 0.36 0.28 0.45 0.57 0.49 0.32 1.22 0.33 0.34 0

Small rural

household

0.53 0.37 0.45 0.38 0.76 0.60 0.57 0.42 0.28 1.43 0.46 0

Landless rural

household

0.29 0.20 0.24 0.22 0.47 0.33 0.27 0.23 0.16 0.24 1.25 0

Firms 0.13 0.10 0.13 0.07 0.11 0.10 0.22 0.11 0.08 0.11 0.12 1
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www.em-dat.net. Université Catholique de Louvain, Brussels, Belgium

Fisher S, Easterly W (1990) The economics of the government budget constraint. World Bank Res

Obs 5(2):127–142

Freeman PK, Martin LA, Linnerooth-Bayer J, Mechler R, Saldana S, Warner K, Pflug G (2002)

Financing reconstruction. Phase II background study for the inter-American development bank

regional policy dialogue on national systems for comprehensive disaster management.

InterAmerican Development Bank, Washington, DC

HIPC (2002) About the HIPC initiative, Washington, DC. http://www.worldbank.org/hipc/about/

hipcbr/hipcbr.htm

9 Managing Indirect Economic Consequences of Disaster Risk: The Case of Nepal 167

http://www.em-dat.net
http://www.worldbank.org/hipc/about/hipcbr/hipcbr.htm
http://www.worldbank.org/hipc/about/hipcbr/hipcbr.htm


Hochrainer-Stigler S, Mechler R and Pflug G (2013) Modeling macro scale disaster risk: the

CATSIM model. In: Amendola A, Ermolieva T, Linnerooth-Bayer J, Mechler, R (eds)

Integrated catastrophe risk modeling: supporting policy processes, Springer, Dordrecht,

pp xx–xx

Linnerooth-Bayer J, Mechler R, Hochrainer S (2011) Insurance against losses from natural

disasters in developing countries. Evidence, gaps and the way forward. J Integr Disaster Risk

Manag 29(1):57–82

Okuyama Y (2008) Critical review of methodologies on disaster impacts estimation. Background

paper for World Bank report economics of disaster risk reduction. World Bank, Washington, DC

Okuyama Y, Sahin S (2009) Impact estimation of disasters: a global aggregate for 1960 to 2007.

Policy research working paper 4963, World Bank, Washington, DC

Pyatt G, Roe AR (1977) Social accounting for development planning. Harvard University Press,

Cambridge

Pyatt G, Thorbecke E (1976) Planning techniques for a better future. International Labor Organization,

Geneva

Stone JRN (1961) Input-output and national accounts. Organization for Economic Cooperation

and Development, Paris

Upreti S (2006) The nexus between natural disasters and development: key policy issues in

meeting the millennium development goals and poverty alleviation. Economic policy network,

Policy paper 27. Government of Nepal and Asian Development Bank, Nepal “Resident

Mission”

World Bank (2009) Nepal at a glance. World Bank, Washington, DC

World Bank (2012) World bank development indicators. World Bank, Washington, DC

168 R. Mechler et al.



Part III

Tisza River Basin in Hungary: Flood Risk
Management, Multi-stakeholder Processes

and Conflict Resolution

Dedicated to the memory of Zsuzsanna Flachner



Chapter 10

Catastrophe Models and Policy Processes:

Managing Flood Risk in the Hungarian Tisza

River Basin – An Introduction

Joanne Linnerooth-Bayer, Love Ekenberg, and Anna Vári

Abstract In this chapter we provide an introduction to this section of six chapters,

which examine how catastrophe models can contribute insights to multi-stake-

holder policy processes by focusing on flood risk management in the Hungarian

reach of the Upper Tisza river. The flood problem in this vulnerable region remains

today acute mainly because of increasing flood risk due primarily to land use and

perhaps also to climate change, as well as to a management regime in flux. A recent

popular movement to change the management regime from the traditional river
defense paradigm (RDP) to a more environmentally oriented working landscape
paradigm (WLP) has been stalled. This stalled regime shift highlights the critical

importance of reaching consensus, not only on flood measures that promote the

sustainable development of the region, but also on the distribution of the losses

from floods. The papers in this section focus on the latter by demonstrating how

catastrophe models can aid a participatory process aimed to design a flood insur-

ance and public compensation system. In addition, the papers address flood risk in

the region, and how it will be impacted by climate change, as well as the vulnera-

bility of the Tisza basin residents.

Keywords Multi-stakeholders policy processes • Insurance program • Catastrophe
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10.1 Scope

This section of six chapters examines how catastrophe models can contribute insights

to multi-stakeholder policy processes by focusing on flood risk management in the

Hungarian reach of the Upper Tisza river. The flood problem in this vulnerable region

remains today acute mainly because of increasing flood risk due primarily to land use

and perhaps also to climate change, as well as to a management regime in flux. A

recent popular movement to change the management regime from the traditional

river defense paradigm (RDP) to a more environmentally oriented working land-
scape paradigm (WLP) has been stalled. The reasons are complex, including major

cost overruns in the construction of the necessary reservoirs, and also a lack of

political will especially for subsidizing changed land use practices (Borsos B, 2011,

UNDP Technical Advisor, personal communication, 10 February, Budapest). Adding

to this list are burden-sharing issues. In planning a reservoir in the Bereg region, for

example, farmers demanded far more for their expropriated land than the government

was offering (Borsos B, 2011, UNDP Technical Advisor, personal communication,

10 February, Budapest). This stalled regime shift highlights the critical importance of

reaching consensus, not only on flood measures that promote the sustainable devel-

opment of the region, but also on the distribution of the costs and benefits of these

measures (Sendzimir et al. 2010).

This set of chapters shows how modeling research can contribute to flood risk

management and particularly to the exploration and resolution of conflicts on who

gains and who loses from social and environmental policies. For the most part, this

research was conceived and carried out before recent attempts to shift the Tisza

flood risk management to more environmentally oriented pathways; yet, the

methods and results are highly relevant to current events. After examining present-

day vulnerability in the region, the chapters turn to the design of a country-wide flood

compensation and insurance system, and show how catastrophe models have helped

to clarify the distributional issues inherent in any risk-sharing system. These latter

chapters are based on interviews and workshops with stakeholders in the Upper Tisza

region that were part of a project funded by The Swedish Research Council for

Environment, Agricultural Sciences and Spatial Planning, and carried out by IIASA,

Stockholm University and the Hungarian Academy of Sciences.

Given the critical importance of institutions and procedures for sharing benefits

and costs, it is surprising that the discourse on the recent regime shift in the Tisza

region has not confronted this issue in a rigorous manner – perhaps leading in some

part to the delays we are currently witnessing. It is hoped that the methodologies

presented in this section, many of which were designed to aid participatory pro-

cesses, will be useful for all research intent on providing useful information to

controversial policy issues such as those characterizing the policy discourse today

in Hungary.

We begin by describing the history and current policy debates surrounding the

controversial regime shift from flood defense to ecological and adaptive manage-

ment of the river, and argue that risk sharing systems (compensation and insurance)

are vital for enabling such shifts. We then turn to describing the chapters in this
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section, and conclude by underlining the importance of integrated research that

connects the economic, social and ecological systems for sustainable management

of today’s river basins.

10.2 Background and Context

With its origins in the Ukrainian Carpathian mountains, the Tisza river flows along

the border of Romania and then southwest across the great Hungarian plain,

eventually flowing into the Danube river in the Serbian Republic. Precipitation

falling on a vast mountainous area is concentrated in the Tisza, resulting in some of

the most sudden (24–36 h) and extreme (up to 12 m) water floods in Europe

(Halcrow Group 1999; Koncsos and Balogh 2007). Such extremes occur on average

every 10–12 years in the Tisza basin (Bran and Borsos 2009), but the last century

has seen rising trends in all facets of flooding: flood peak height, volume and

frequency. The Tisza ranks as one of the highest flood-risk areas, as well as one

of the poorest, in Europe.

The historical response to flooding has been in the form of hydro-engineering

operations that have reconfigured the river basin (Balogh 2002). In the early

eighteenth century the Tisza region was a diverse landscape with ploughed land,

forests, floodplain orchards, meadows, fishing and cattle that co-existed with

frequent and routine flooding (Andrásfalvy 1973; Bellon 2004). To provide the

conditions for large-scale intensive agriculture (mainly wheat) and transport, the

river was canalized, straightened and bracketed with levees to prevent flooding, and

the floodplains were drained. As an unintended result, sediments previously flushed

out by floods accumulated on the floodplain. Complaints by local farmers eventu-

ally provoked an agreement to expropriate the entire floodplain, which had previ-

ously been common land, for grain production.

10.2.1 The River Defense Paradigm

In recent history, the Hungarian government has continued to invest huge sums in

the vast network of protective levees, including about 3,000 km of embankments,

which must be continually heightened to protect against increasingly worsening

floods (Balogh 2002). The government also typically takes responsibility for private

damages in the event of a levee breach, compensating victims generously for

groundwater inundation and other types of flood damage. After the Tisza floods

in 2001, for instance, the government fully rebuilt nearly 1,000 houses that had been

washed away (Vári et al. 2003).

Estimates show that damage to built capital and commerce from a major flood

event could reach as high as 25% of the basin’s GDP, or 7–9% of national GDP

(Halcrow Group 1999). Understandably, the government is concerned about its

tradition of taking almost full responsibility for flood risk management, including
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flood prevention, response, relief and reconstruction. Hungarian membership in the

European Union has committed the government to a program of fiscal austerity, and

for this reason the financial authorities would welcome more private responsibility

for the reduction and response to flood disasters.

Moreover, critics of the “river defense paradigm” argue that it is neither eco-

nomically nor ecologically sustainable especially in light of climate change

(Sendzimir et al. 2010; Werners et al. 2010a, b). The levees remain inadequate to

protect against increasing frequency and discharges of floods (Balogh 2002), and

the lack of water retention is aggravating another problem in the region, scarcity of

adequately clean water resources in dry periods. Ecologically, the RDP threatens

existing unique freshwater wetland ecosystems that can provide valuable eco

services and biodiversity so essential if the region switches to a more diversified

agricultural and livelihood production (Sendzimir and Flachner 2007). This switch,

many argue, is necessary given the increasing economic, environmental and social

impoverishment of the region.

10.2.2 The New Vasarhelyi Plan

In response to the decline of the Tisza region, a network of experts, NGOs and

intellectuals (called the “shadow network”) recently became influential in promot-

ing a changed management paradigm (Sendzimir et al. 2010). Instead of flood

defense strategies implemented from Budapest in pursuit of building profitable

export agriculture in the floodplain, this network advocated policies that enhance

biodiversity, restore ecosystems and produce a more diversified landscape of

livelihoods in the region. This would mean a shift from the flood defense paradigm
to a working landscape paradigm.

Supported by the European Union, the shadow network organized a broad

participatory process that gained the attention of the Hungarian government,

which itself was facing huge costs from it flood defense policies. This social

movement, along with four extreme flood events revealing the insufficiency of

the levees, prompted the launching in 2003 of the New Vasarhelyi Plan (VTT) that

emphasizes environmental protection and nature conservation (Government Deci-

sion No. 1107/2003 (X1.5). The new strategy calls for (i) reinforcing dikes where

they do not meet the once-in-a-century standards required by the EU Water

Directive, (ii) improving flood conveyance of rivers (reducing summer dikes,

rehabilitating pastures and mosaic-type forests, and (iii) increasing existing and

creating new flood plain areas, i.e., providing enough room for the river. For the

latter, 75,000 ha of detention basins have been selected with a storage capacity of

1.5 b m3 (about 6% of basin annual runoff), which engineers predict should be

enough to decrease peak level events by 1 m all along the Tisza.

Views differ on the success of the VTT. While proponents claim that in its first

phase (2003–7), 6 out of 11 retention basins would be scheduled for restoration

(Bran and Borsos 2009), critics claim that only one new retention basin, the Ciga’nd
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Polder covering about 25 km2 of floodplain, has been built, and that little has been

invested in rehabilitating pastures and forests. Because of cost overruns and an

increasingly unfavorable economic environment, the planned reservoirs were

reduced from 11 to 6. According to these critics, the failure of the regime shift

called for by the VTT can be attributed to complex and systemic institutional and

procedural issues (for a full description, see Sendzimir et al. 2010), of which the

distribution of the burdens from its implementation appear to have played a role

along with many other factors including escalating costs and lack of political will

outside the water authorities (Borsos B, 2011, UNDP Technical Advisor, personal

communication, 10 February, Budapest).

In hindsight, it appears that too little attention may have been given to the

distribution of the costs of implementing the VTT. While the VTT contains clauses

about compensating farmers for inundated lands and crop losses, there have been no

estimates of what this would mean for the government’s budget. Calls for compen-

sation have greatly exceeded what the government can reasonably afford, which

may be one factor leading to a breakdown in the government’s resolve to implement

the plan.

10.2.3 Sharing Costs: A Hungarian Compensation
and Insurance System

Concurrent with the unsatisfactorily slowed implementation of the VTT, at least as

perceived by many of its proponents, another related policy arena was experiencing

similar difficulties in implementing government policy. The Hungarian government

has recently legislated a nation-wide flood insurance program with the aim of

shifting much of the post-flood burden from the government’s budget to accumulated

funds in this program (Linnerooth-Bayer et al. 2006). The insurance was fully

underwritten by the government, and very low-income households would receive

subsidies to enable them to purchase policies. However, insurance uptake remains

extremely low because of the unwillingness of Hungarians to pay the premiums, and

the unwillingness of insurers to write policies covering damages except those from

breached levees. It is perhaps not coincidental that in the same year as the launch of

the VTT, the government also launched its Wesselenyi fund (guaranteed by the state)

for the compensation of uninsured damages caused by water.

10.3 How Models Can Contribute to Flood Risk Management

This book is dedicated to the notion that the development of efficient and equitable

policies for managing disaster risks and adapting to global environmental change is

critically dependent on robust decisions supported by integrated modeling. The
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chapters in this section examine how catastrophe models can provide insights on

flood risk management in the Tisza region with the intent of contributing to policy

processes – and robust decisions – that reduce risk and vulnerability of the mainly

low-income residents.

We begin, not with a chapter on catastrophe modeling, but an empirical analysis

titled Social Indicators of Vulnerability to floods, by Anna Vári, Zoltan Ferencz

and Stefan Hochrainer. The analysis is based on an empirical survey conducted in

the Bodrogköz and in the Bereg region within the Tisza flood basin. The question-

naire revealed that, while impacts are dependent mainly on exposure (location),

important factors influencing vulnerability included: health status, education,

savings, availability of post-flood financing, trust in the community and its

institutions, and preparedness of institutions. Setting the stage for the chapters

that follow, among other recommendations the authors note the importance of

access to loans and other routes for obtaining post-disaster financing.

The following chapters point to alternative designs for a flood insurance program

that are based on stakeholder views, and importantly aided by a flood model of

the region. They underline the importance of identifying realistic flood manage-

ment strategies considered fair by the stakeholders in the region and elsewhere.

A main issue was to investigate different insurance schemes in combination with

governmental compensation, or combining private responsibility with nation-wide

solidarity. The research was focused on the Palad-Csecsei basin (the pilot basin),

which is situated in the Szabolcs-Szatmár-Bereg County in northeastern Hungary.

This region is one of the poorest agricultural regions of Europe, and floods

repeatedly strike large areas.

The chapter by Joanne Linnerooth-Bayer, Anna Vári, and Lisa Brouwers shows

how a participatory process can be aided by a computer model. Their chapter titled

A Model-Based Stakeholder Approach for Designing a Flood Management and
Insurance System in Hungary takes account of contending views on the flood

problem and solutions held by the Hungarian stakeholders, including the public, the

local authorities, government ministries and private insurers. The challenge was to

design a national flood insurance system that would provide incentives for reducing

flood risk, as well as fairly compensating victims in this poor and vulnerable region.

A 3-year stakeholder process was aided by a catastrophe model that helped to

clarify the distributional issues by showing how simulated flood losses would be

shared among the victims, the government and the insurers depending on the design

of the insurance pool.

This simulation model and its use in the Tisza participatory process is described

in more detail in a chapter titled Consensus by Simulation: a Flood Model for
Participatory Policy by Lisa Brouwers and Mona Riabacke. This chapter gives

important details on the design, implementation and use of the dynamic and

spatially explicit flood simulation model, which incorporated micro-level represen-

tation and Monte Carlo techniques. The model was equipped with an interactive

graphical user interface designed for the particular context to facilitate its use as a

decision support tool in the participatory setting with multiple users. The model
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supports comparisons between pre-defined policy options as well as the design of

new policy options. During the concluding workshop the model was used interac-

tively by the stakeholders to aid their decision making process.

In the absence of a stakeholder process, consensus can be modeled as shown in

an innovative chapter by Mats Danielson and Love Ekenberg, titled A Risk-Based
Decision Analytic Approach to Assessing Multi-Stakeholder Policy Problems.
With an understanding of the preferences of the stakeholder groups, the authors

show that decision analysis can be a useful tool in establishing and ranking different

policy alternatives. The approach was employed to assess options for designing a

public-private insurance and reinsurance system in the Tisza case. The design of a

nation-wide insurance system involves handling imprecise information, including

estimates of the stakeholders’ utilities, outcome probabilities, and other complications,

all of which this chapter addresses. The general method of probabilistic, multi-

stakeholder analysis extends the use of utility functions for supporting evaluation of

imprecise and uncertain facts.

Using a different methodology Tatiana Ermolieva, Yuri Ermoliev and Istvan

Galambos show how stochastic optimization can help in the design of a national

insurance pool. In their chapter titled Financial Instruments in Integrated Cata-
strophic Flood Management: Demand for Contingent Credits they develop a

flood management model that takes into account the inherent complexities in

catastrophic risk management: highly mutually dependent flood losses, the lack

of information, the need for long term perspectives and geographically explicit

analyses as well as the involvement of various agents such as individuals,

governments, insurers, reinsurers, and investors. Making realistic assumptions on

the preferences of these groups, the authors design an “optimal” public multi-pillar

program involving partial compensation to flood victims by the central government,

the pooling of risks through a mandatory public insurance on the basis of location

specific exposures, and a contingent ex-ante credit to reinsure the pool’s liabilities.

Policy analysis is guided by the GIS-based catastrophe models and stochastic

optimization methods with respect to location specific risk exposures.

In the final chapter in this section, Flood Loss Considerations and Adaptation
Strategies due to Climate Change in Hungary and the Tisza Region, Stefan
Hochrainer, Reinhard Mechler, Nicola Lugeri and Georg Pflug address climate

change and its implications for the Tisza region. Many regions and sectors in

Europe are vulnerable to increasing disaster risks and climate adaptation is moving

to the forefront of EU and national policy. Yet, little is known about changing risks

and possible adaptation options under dynamic conditions. The Tisza region is one

of the hot spots in Europe and a prime case to study new risk assessment methods

and risk management techniques in light of a changing climate. Based on a risk

modeling approach the authors present indicative quantitative results on the part of

climate change on future flood losses for Hungary with a special focus on the Tisza

region. Furthermore, they present an approach showing how such changes can be

avoided with the help of adaptation strategies based on changes in different risk-

layers over time.
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10.4 Integration

In conclusion, we underline the importance of integrated research that connects the

economic, social and ecological systems for sustainable management of the Tisza

and all of today’s river basins. In many ways the VTT and the government’s

insurance and compensation programs are interrelated and even mutually depen-

dent, illustrating the importance of integrating environmental, social and economic

policy. Strategies for compensating farmers for crop losses due to intentional

inundation, or due to permanent loss of their land, are a critical part of any

environmentally oriented program, and should be transparent. While insurance is

not meant to compensate the “losers” of government programs, it can spread losses

from extreme floods and, as these chapters show, even build in solidarity with

subsidized premiums. If, as intended by the VTT, the flood system would tolerate

some extreme flooding (which ecologists claim is vital for the ecosystems of the

region), it is important to spread these losses across a wide community. The intent

of the national flood insurance program was to spread these losses across residents

throughout Hungary. The failure of the insurance program to provide such a

comprehensive safety net greatly complicated implementation of the VTT.
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Chapter 11

Social Indicators of Vulnerability to Floods:

An Empirical Case Study in Two Upper Tisza

Flood Basins

Anna Vári, Zoltan Ferencz, and Stefan Hochrainer-Stigler

Abstract This chapter aims to develop indicators of social vulnerability related to

flood impacts on the regional level. Impacts are seen here as a function of the

exposure as well as the vulnerability dimensions. Because key vulnerability factors

include several variables that cannot be found in statistical databases, such as

preparedness to the hazard, mental coping capacity, social relations, and trust, an

approach based on questionnaire surveys instead of only using statistical data from

institutions was chosen. The analysis is based on an empirical survey conducted in

the Bodrogköz area and in the Bereg region within the Tisza flood basins. We found

that while the most important variables influencing impacts were the exposure level

and the geographic location, the most important factors of vulnerability were found

to be the following: health, education, savings, opportunities of taking loans, trust in

the members of the community and in institutions, and perception of preparedness

of institutions against floods. Based on the results we give some policy recommen-

dations with regard to increasing the resilience of the exposed communities. These

include: increasing public spending on education, strengthening social cohesion,

introducing contingency loans so that borrowing is feasible also for the poorer

communities and improving flood preparedness by providing relevant information

for inhabitants.

Keywords Vulnerability to floods • Empirical survey • Case study • Upper Tisza

river basin
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11.1 Introduction

In large parts of Europe, extreme weather events, such as heavy precipitation, wind

storms and heat waves, are expected to become more frequent and intense in the

future due to climate change (Parry et al. 2007; Alcamo et al. 2007). However,

climate-related extremes already put a heavy burden on Europeans at different

scales, from households, businesses and governments to the European Union. They

differentially affect society depending on geography, as well as the economic,

social and cultural context of those exposed, including age, health status, education,

income, indebtedness, to name but a few factors contributing to vulnerability

(Linnerooth-Bayer et al. 2005). Hence, a better understanding of the complex

relationships of these factors will also help to decrease vulnerability against

extremes more effectively not only for today but also in the future.

The term “vulnerability” is nowadays a concept with multiple and ambiguous

meanings, used within a broad range of disciplinary contexts, including geogra-

phy, anthropology, engineering sciences, ecology and economics. For example,

while in the context of climate change, vulnerability is defined as “the degree to

which a system is susceptible to, and unable to cope with, adverse effects of

climate change, including climate variability and extremes. [. . .] is a function of

the character, magnitude and rate of climate change and the variation to which as

system, is exposed, its sensitivity and its adaptive capacity” (IPCC 2007: 27).

In the disaster community vulnerability is defined as “the characteristics and

circumstances of a community, system or asset that make it susceptible to the

damaging effects of a hazard” (UNISDR 2003: 12). Hence, in the later terminol-

ogy vulnerability is independent of its exposure. To make things even vaguer, in

the disaster community it is common to use the notion of vulnerability more

broadly, and usually vulnerability includes the element’s exposure (UNISDR

2003). A more workable definition of vulnerability for this article comes from

Turner et al. (2003), which defines vulnerability as the degree to which a system

or subsystem is likely to experience harm due to exposure to a hazard, either

as a perturbation or stressor. Most importantly in this approach vulnerability

incorporates not only exposure but also resilience, now a key concept in vulnera-

bility research, which refers to the capacity of the system to absorb disturbances

and reorganize, while undergoing changes to retain essentially the same function,

structure, and identity (Walker et al. 2002). Hence, resilience decreases

vulnerability.

Still, at this level of complexity it is difficult to carry out any empirical research

and focus on some dimensions of vulnerability is necessary. Generally speaking,

the different dimensions can be grouped into physical, economic, social and

environmental factors as listed below (Kohler et al. 2004):

• Physical: related to the susceptibility to damage of engineering structures such as

houses, dams or roads. Also factors such as population growth may be subsumed

under this category.

182 A. Vári et al.



• Social: defined by the ability to cope with impacts on the individual level as well

as referring to the existence and robustness of institutions to deal with and

respond to natural disaster.

• Economic: refers to the economic or financial capacity to refinance losses and

recover quickly to a previously planned economic activity path. This may relate

to private individuals as well as companies and the asset base and arrangements,

or to governments that often bear a large share of a country’s risk and losses.

• Environmental: a function of factors such as land and water use, biodiversity and

stability of ecosystems.

Furthermore, natural disasters may cause a variety of effects which are usually

classified into social, economic, and environmental impacts as well as according to

whether they are triggered directly by the event or occur over time as indirect

effects. In this chapter social and economic vulnerability is looked at only, and

exposure is treated as a separate variable, both together with vulnerability leading to

damages and indirect effects (Fig. 11.1).

It is a central issue and one of the key goals in the vulnerability research

community to find out what factors determine the vulnerability of individuals,

communities, organizations and systems, and how vulnerability can be reduced

(UNU–EHS 2005). Research suggests that in general, key social and economic

dimensions of vulnerability include preparedness for managing the hazard, demog-

raphy, economic situation, and education and skills, among others (Cutter 2005;

Glatron and Beck 2008). The authors believe that in spite of commonalities, there

are also substantial differences between main factors of vulnerability in various

situations. Economic and social circumstances, institutional background, cultural

characteristics and the type of hazard seem to be important determinants of key

vulnerability factors.

The purpose of this chapter is to develop regional indicators of social and

economic vulnerability to flood damages in the Upper Tisza region. We hypothe-

size that many key vulnerability factors cannot be found in statistical databases,

such as preparedness to the hazard, mental coping capacity, social relations and

trust, among others. For this reason we use a standardized questionnaire so that

these variables can be incorporated within this study design.

The chapter is organized as follows: The next section introduces the question-

naire, sampling method and first exploratory results. Section 11.3 presents the

Exposure

Vulnerability

Impacts (damages, 
indirect effects)

Fig. 11.1 Exposure to

hazard, vulnerability and

impacts
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results separated according to bivariate and multivariate relationships found in the

statistical analysis of the data. Finally, Sect. 11.4 ends with a discussion of the

results and conclusions.

11.2 Methodology

11.2.1 Sample

A face-to-face questionnaire was administered in two high-risk flood basins

(Bodrogköz and Bereg) of the Upper Tisza region,1 with samples of 400

interviewees in 18 villages in the Bodrogköz area and 300 interviewees in 22

villages in the Bereg region. Data collection was conducted in January 2006 in

Bodrogköz, and in August 2006 in Bereg. The interviewees were chosen randomly

from the population by the demographical quota.2 This quota ensured representa-

tiveness of the population in the sample with respect to gender of the respondents,

their age (approximately half of the respondents consisted of adults below 29 years

of age and above 60 years of age), and education (most respondents had less than

8 classes of primary school, with Bereg showing a larger amount compared to

Bodrogköz).

11.2.2 Method

The purpose of the questionnaire was to obtain information from the respondents on

their exposure, vulnerability and impacts from previous floods:

• Exposure: The water management authorities classify settlements according to

their flood exposure; however, due to differences in elevation there is differential

exposure even within one settlement. For this reason, we chose to rely instead on

the respondents’ self classification of their exposure as part of the questionnaire;

• Vulnerability: We initially hypothesized that flood vulnerability is related both

to individual and community preparedness and to social and economic

characteristics, such as health, education, economic activity, income, savings,

1 Data collection was supported by the following organisations: United Nations University and the

Research Institute for Soil Science and Agro-chemistry of the HAS (Bodrogköz); UNDP GEF,

Directorate of the Hortobágy National Park and the Ministry of Environment (Bereg). Data

processing was financed by the Department of Mathematics and Information Technology of

Corvinus University.
2 The data were collected from the census database (2001) of the Hungarian National Statistical

Office.
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and social capital.3 As a basis for the questions, we made use of vulnerability

indicators found to be relevant in the international literature (for example

UNU–EHS 2005), as well as in the findings of our earlier research (Vári and

Ferencz 2006);

• Impacts: Only a very small number of people have lost their lives in floods in

Hungary during the past decades, and damages have been primarily of economic

and social nature. Therefore we focused questions on exploring such impacts.

Table 11.1 lists the components of exposure, vulnerability and impacts that

formed the basis of the survey questions.

11.3 Summary of Questionnaire Responses

In the following, we summarize the results of the questionnaire responses in Bereg

and Bodrogköz before turning in the next section to examining the relationships

among exposure, vulnerability and impacts. We present the results of bivariate

analyses in which we test the significance of correlations using Chi-square tests and

3 The concept of social capital includes trust, intra-community relations, and the strength of civil

society and certain aspects of governance (see Putnam 1993; Fukuyama 1996).

Table 11.1 Exposure, vulnerability and impact sub-dimensions

I. Exposure Exposure of the respondent’s settlement to floods

Exposure of the respondent’s home to floods

Personal experience concerning floods

II. Vulnerability Preparedness Preparedness of the respondent (and his/her family) for

floods

Preparedness of different institutions (government, local

government, water authority, water associations) for

floods

Physical and

mental health

Respondent’s health status

Respondent’s lasting health damage or impairment

Respondent’s (mental) capacity of coping with problems

Qualification Respondent’s educational level

Economics Respondent’s economic activity and income

Respondent’s savings

Respondent’s opportunities for borrowing

Social capital Trust in members of the community and in institutions

Respondent’s social relations and isolation

Civic activity of respondent

III. Impacts

of floods

Respondent’s (and family’s) damages and disadvantages

caused by recent floods

Lasting effects of recent floods
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ANOVA model approaches.4 The purpose is to give a comparison between the two

selected flood hazard prone areas and to detect differences with regards to the

vulnerability dimensions.

11.3.1 Exposure

In Bereg, the overwhelming majority of respondents regard their settlement as

being either strongly or weakly exposed, and less than one tenth of the respondents

believe that there is no danger of floods. Two thirds of Bodrogköz respondents

regard their settlement as strongly or weakly exposed to floods, whereas one third

hold that there is no such danger. Those who regard their home (weakly or strongly)

exposed made up about 94% of those living in the exposed settlements of Bereg,

and about 72% of those living in exposed settlements in Bodrogköz. A more

detailed analysis showed that active earners and diploma-holders are overrepre-

sented among those not exposed (i.e. those considering that either their settlement

or their home are not exposed) in the Bodrogköz area, whereas the unemployed and

people with primary education were over proportionally represented among the

exposed. In the Bereg region there was no significant relationship between exposure

and socio-economic variables. Inquiring if the respondents had already experi-
enced flooding, 90% of the Bereg respondents reported living through a flood (89%

experienced the 2001 flood in this region) and 33% had experienced multiple

floods. In the Bodrogköz region 32% of the respondents had experienced flooding

and 20% multiple floods. Exposed respondents were overrepresented among those

who had experienced at least one flood, indicating a (significant) correlation

between having experienced floods and perceiving a higher exposure.

11.3.2 Preparedness

Tables 11.2 and 11.3 present the assessment of past and future flood preparedness

among people who had experienced floods in both regions. On a five-point scale,

Table 11.2 Responses to

question asking how prepared

were respondent,

respondent’s family and

relevant institutions for floods

in the past (average of a five-

grade scale)

Bereg Bodrogköz

You and your family 2.07 2.31

The central government 2.42 2.11

The local government 2.49 2.32

The water management authority 2.59 2.51

The water associations 2.56 2.35

4 In the present chapter those interrelationships are mentioned from which significant relationships

among variables can be shown, in other words we may state on the 95% confidence level that the

variables are not independent of each other.
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the average assessment was between 2.07 and 3.37. Assessments of past prepared-

ness were lower in every category than for future preparedness, and Bereg was

considered better prepared than Bodrogköz. Differences, however, between values

of future and past preparedness were very similar in both regions, around 0.7. As far

as institutions are concerned, people regard water management authorities as the

most prepared in both regions, followed by water associations and local

governments. The lowest scores were given to the central government, which

reflects a general disappointment with central government agencies. In the

Bodrogköz region the respondents assessed their own preparedness more positively

than that of the central government, whereas people of Bereg regarded their own

preparedness as less positive.

Interestingly exposed people considered themselves better prepared than those

not exposed in both regions.5

11.3.3 Physical and Mental Health

The respondents were asked to evaluate their own health status on a five-grade

scale. The average assessment was 3.32 in Bereg and 3.34 in Bodrogköz. In Bereg

and Bodrogköz, there were larger proportions of women, pensioners, people above

50, those with primary education, and people having low (household) income, who

assessed their health status as poorer. Alternatively, men, people between the ages

of 18 and 39 (18 and 49 in Bodrogköz), active earners, those who had completed

their secondary studies and those who had a medium or high income were

over-represented among those considering themselves to have good health status.

Women reported a significantly worse health status than men. Fifty per cent of men,

whereas only 38% of women regarded themselves as in good health in the Bodrogköz

region, while these proportions were 55 and 41% respectively in Bereg.

The respondents were also asked whether they had lasting health damage or
impairment. From this question the population of Bodrogköz seems to be somewhat

healthier: 28.9% reported having permanent damage to their health, as contrasted to

Bereg, where this proportion was 33%. In Bereg, pensioners, people with primary

education and those of the lowest income indicated permanent health damage above

Table 11.3 Responses to

question asking how prepared

are respondent, respondent’s

family and relevant

institutions for future floods

(average of a 5-grade scale)

Bereg Bodrogköz

You and your family 3.0 3.09

The central government 3.16 2.91

The local government 3.24 3.16

The water management authority 3.37 3.26

The water associations 3.32 3.14

5Opinions assessing the current situation in the Bereg region are an exception where the difference

is within the margin of error.
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the average. In the Bodrogköz region it was mostly pensioners, those of primary

education, people above 50 and of low-medium income who indicated having

lasting health damage. In Bereg as well as in Bodrogköz the relationship between

health status and health damage was significantly correlated.

Another potential factor of vulnerability is the capacity to cope with problems,
which we explored with a question that elicited coping strategies of those who

experienced a flood. In both regions, a typical response for coping was to try to

analyze and understand the situation, especially among the younger people (40–49)

and those considering themselves as less exposed. In Bereg a typical coping

strategy was to take a positive attitude or interpretation of the problems faced. In

Bodrogköz, a frequent response was coping through positive personal change or

“emerging as a different person”, combined with creative activity. Taking sedatives

and medicines, as well as self-destructive activities, were characteristic only to a

small extent, but more in Bodrogköz than in Bereg and more by those considering

themselves to be less healthy.

11.3.4 Education

The proportion of respondents having completed not more than 8 classes of primary

school was 59% in Bereg and 47% in the Bodrogköz region. In Bereg 21% and in

Bodrogköz 31% of the respondents held certificates from a vocational secondary

school. The proportion of those who had passed their grammar secondary final

certificate was 14 and 18%, respectively, whereas the proportion of those who had

university degrees was 5 and 4%, respectively.

11.3.5 Household Economic Data

As far as employment status is concerned the survey responses are reported in

Table 11.4.

The proportion of active earners is lower in both regions than the national

average (58%), and unemployment is more than double the national average

(7.5%). Responses to questions on household incomes follow a similar pattern,

except the proportion of medium incomes (HUF 91–120,000) and high income

(above HUF 121,000) are somewhat higher in Bereg (28 and 30%) compared to 25

and 26% in Bodrogköz.

Table 11.4 Employment

status of interviewees (%)
Bereg Bodrogköz

Active earner 26.3 23.4

Pensioner 42.0 39.7

Unemployed 15.7 15.4

Other inactive 16.0 21.5
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Savings can enable households to recover from floods and thus represent an

important factor reducing vulnerability and building coping capacity. Table 11.5

shows the types of reported savings.

Not surprising, those with primary education, the unemployed and other

inactive persons are overrepresented among those not having savings, which in

Bereg was 66% of the population and in Bodrogköz 57%. In the Bodrogköz

region, people living in exposed regions mentioned real estate and other assets

as forms of savings in larger proportions than those in Bereg, whereas cash at

home and savings accounts were mostly characteristic of pensioners. It is active

earners, people with grammar, secondary school, and university degrees as well as

people between 30 and 39 years of age, who invest in insurance.

As in the case with savings also borrowing capabilities can enable households

to recover from floods and thus also represent an important factor. Table 11.6

reports findings on who respondents borrowed from, dependent on the amount.

In Bereg the possibilities of taking loans were assessed as better in every category

than in the Bodrogköz region. Generally speaking the possibility of getting loans

from close relatives and acquaintances occurred in greater proportion in the case of

smaller sums only, whereas distant relatives did not figure significantly either in the

case of smaller or of significant sums. It was active earners, those with grammar

secondary education and university degree who mentioned the various possibilities of

taking loans above the average. In Bereg active earners and people of at least

secondary education were those who had outstanding proportions among those

capable of receiving smaller loans. In addition to those groups it was mostly people

of medium- and high household income and those between 40 and 49 years of

age who were capable of getting bigger loans.

Table 11.5 Reported forms of savings (%)

Bereg Bodrogköz

In real estate 2.3 7.9

Other assets 11.0 10.8

At home in cash 19.7 12.8

In savings books and savings accounts 22.0 20.1

In life-, pension – or health insurance funds 16.7 14.1

Table 11.6 Reported forms of borrowing options (small and large)

Borrowed from

Small amount Large amount

Bereg Bodr. Bereg Bodr.

Immediate family members 74.7 62.6 13.0 10.3

Relative living in the same settlement 33.3 32.4 5.3 6.9

Distant relative 13.3 9.0 1.3 2.2

Acquaintance, neighbor, or associate at work 22.3 16.3 2.7 1.8

Bank or credit institution 41.0 20.6 27.3 21.4
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11.3.6 Social Capital

Trust can be an important indicator of social capital (Newton 2001). We measured

(i) trust in members of the close community (neighbors, acquaintances, associates

at work) and (ii) trust in public institutions. A strikingly low level of trust was found

in community members and public institutions in both regions (Table 11.7).

In the Bereg region, active earners were overrepresented among those who

trusted members of the community, whereas pensioners, the unemployed and

those of the lowest income were over-represented among the mistrustful. In the

Bodrogköz region trust-related responses do not offer as uniform of a picture as in

Bereg. Active earners trusted most their neighbors; pensioners trusted most their

more distant acquaintances, whereas active earners, men, those of vocational

secondary education and people of the highest income had greatest trust in their

associates at work. The unemployed, other inactive people, as well as low-medium

income people were more mistrustful of their neighbors. People between 18 and

29 years of age as well as the unemployed were mistrustful of more distant

acquaintances. Women, people of primary education as well as low- and

medium-income were less trustful of their associates at work.

The most trusted institutions in both regions were the schools, police, water

management authorities and water associations. The credibility of the national

government was regarded the lowest in both areas. Considering the socio-

demographic variables, the younger age groups, the less qualified and those of

lower incomes, as well as inactive people, reported less trust in public institutions

than the average. The main difference between the two regions is that opinions

related to credibility are divided by age and income in the Bodrogköz region,

whereas they are divided more by school education in the Bereg region. Economic

activity is a significant factor in both regions.

We explored the social relations of respondents by asking how many family
members and relatives lived in the given settlement or region. The average number

of family members and relatives living in the same settlement was 22 in Bereg and

21 in Bodrogköz, i.e., large families are still typical in both regions.

We measured social isolation by asking how much the respondent agreed to the

following statement: “I frequently feel myself lonely.” In Bereg 26% of

respondents reported that this statement was fully or partly true, whereas this

proportion was 24% in the Bodrogköz region. These figures are surprisingly high,

considering the traditionally strong ties within extended families and among

neighbors in small villages. In Bereg, women and pensioners were in the greatest

proportion among those who feel entirely or partially lonely, whereas in the

Bodrogköz region they were joined by those with low incomes and only primary

Table 11.7 Trust in

members of the community

(averages of a 100-grade

scale)

Trust in Bereg Bodrogköz

People living in the neighborhood 36 39

More distant acquaintances 40 40

People of workplace 45 45
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education. The extent of loneliness shows negative correlation with the number of

relatives in the settlement and region in Bereg as well as in the Bodrogköz region.

We measured the civic activities of respondents by the question whether the

interviewee had contacted the local government about an issue affecting him or her.

The results are given in Table 11.8.

In the Bodrogköz region it was people in the 50–59 year age group and those of

low to medium income who were over represented among the most active. In Bereg

most frequently those between 30 and 39 years of age, diploma-holders and the

unemployed had contacted the local government.

Our results indicate low-trust and fragmented communities, with highly limited

civic activities. It is not different from the overall Hungarian picture, where the

socio-economic transition of 1990 has deepened social inequalities and broken up

former solidarities without creating a strong new civil society (Utasi 2006).

11.3.7 The Impacts of Floods

We measured the negative impacts of floods (losses, damages, indirect effects),

their gravity and duration by several questions addressed to those who had experi-

enced floods. From Table 11.9 it can be seen that there was a significant difference

between the two regions with respect to flood damages. In Bereg the overwhelming

majority of the population suffered some kind of damage, whereas that proportion

was around one third in the Bodrogköz region. As far as material damages are

concerned, in both regions residential property, agricultural buildings, furnishings

of the home, as well as crops, arable land, vineyards and orchards suffered damages

most frequently.

Table 11.8 Have you ever

tried to contact the local

government about an issue

that affected you? (%)

Bereg Bodrogköz

Yes, once 9.4 9.2

Yes, several times 13.7 17.7

No 76.9 73.1

Table 11.9 Types of flood damages suffered since 1998 among those who experienced floods (%)

Type of damage Bereg Bodrogköz

Settlement of residence 81 42

Residential home or flat 77 38

Respondent (and family) evacuated 74 9

Relatives 71 29

Agricultural buildings (e.g., pen, stable) 57 22

Furnishings 49 19

Crops, arable land, vineyard, orchard 39 37

Stock and harvested grain 28 7

Savings reduced 23 16

Absence from work, loss of salary and income 13 4

Illness generated or renewed 6 7
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Studying the relationships between damages, exposure, and socio-economic

variables revealed some insights related to vulnerability. In Bereg, those who suffered

the most damages to their homes and agricultural buildings were not only those most

exposed, but there was a correlation with respondents reporting low trust in local

institutions, limited savings, and limited access to even small sums of loan. In the

Bodrogköz region, the correlations were similar with the exception that those most

affected also considered themselves to be less prepared. In both regions, floods

appeared to impose more losses on those in poor health. The largest difference

between the two regions was the number of those experiencing evacuations – 9%

in the Bodrogköz region compared to 75% in Bereg. Those evacuated appeared to be

disproportionally in the group who were mistrustful of members of the community

and public institutions, had no savings and could not obtain small loans.

Another question, reported in Table 11.10, asked about the duration of the
physical impact of the floods. The perception of duration appears to be shorter in

Bodrogköz, although it is striking that around one-fifth of those experiencing floods

in the past feel that the impacts have continued to the present.

In the Bereg region this response was related to trust. Those who perceived the

effects of floods for a shorter time were those who trusted their neighbors,

acquaintances and associates at work, and felt most public institutions were credible.

According to the above analysis the two investigated flood basins significantly

differ in terms of exposure, i.e., in Bereg a much higher proportion of homes is

exposed to floods than in Bodrogköz, and similarly, a much higher proportion of the

inhabitants have already experienced flooding and suffered damages. In terms of

socio-economic characteristics differences between the two areas are smaller.

Concerning the level of health, education, and savings the situation is somewhat

better in Bodrogköz than in Bereg, whereas the ratio of active earners, the magnitude

of household incomes and the opportunities for taking loans are somewhat more

favorable in Bereg. More importantly, however, both regions are strongly

handicapped if compared with the national average, especially in terms of qualifica-

tion and economic activity.

11.4 Vulnerability Indicators

After the detailed presentation and comparison of the vulnerability and exposure

variables for the two regions, we now turn to the question of what variables or sets

of variables can explain best the responses on impact. As shown in Fig. 11.1 we will

Table 11.10 Assessment of

the durability of flood impacts

among those who experienced

floods (%)

Duration Bereg Bodrogköz

3 months 15 27

6 months 16 35

1 year 47 20

Still can be felt 20 16

“There was no flood” 2 2
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treat impacts as a function of exposure and vulnerability. This assumption seems to

be valid as exploratory bivariate correlation analyses have shown that most impacts

are related to perceived flood exposure, and to most of the hypothesized vulnera-

bility variables, while keeping exposure constant. To identify factors, i.e. sets of

variables representing a latent construct, not measurable with a single variable, we

first applied principle component analysis6 of impacts by creating these variables

first (see Table 11.11) and afterwards looked at the vulnerability and exposure

variables which show significant correlation:

The exposure variable was chosen to be the respondents’ exposure (a combina-

tion of the settlement’ exposure and the home’s exposure variables, called E1). The

following vulnerability variables were selected based on (i) significant correlation

to damages, and (ii) those which carry the largest information content within the

given group of variables. Table 11.12 shows the results. Some interrelationships

and important differences between the two regions were identified among the

above variables. In Bereg significant relations exist among the V1–V7 variables.

In Bodrogköz significant relations were found among the V3–V8 variables, and V1

is also correlated with variables V3, V4, V5 and V7. In Bereg the V8–V11 indices

of trust and preparedness show correlation with each other, whereas in Bodrogköz

they show close correlation rather with members of the V1–V8 group. There are

significant connections between respondent’s exposure (E1) and certain indicators

Table 11.11 Selected impact (damages and indirect effects) variables

Variables Abbreviation

Damages in residential property and/or in its contents D1

Agricultural damages (damages to agricultural buildings, crops, harvest stock) D2

Loss of income D3

Evacuation and/or health damage D4

Duration of impacts D5

Table 11.12 Vulnerability

variables selected on the basis

of principle component and

correlation analysis

Variables Abbreviation

Health status V1

School education V2

Economic activity V3

Household income V4

Having any form of savings V5

Possibility of getting a small loan V6

Possibility of getting a large loan V7

Trust in members of the community V8

Assessment of the credibility of institutions V9

Assessment of past preparedness V10

Assessment of future preparedness V11

6 Some variables were transformed in advance, for instance we have transformed variables

measured on scales of four and five grades into a 100-grade scale.
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of vulnerability (V1, V4 in Bereg, V2, V3 and V6 in Bodrogköz). The socio-

economic status of those exposed is somewhat worse; there are greater proportions

of less healthy, less qualified and less active people among them. This suggests

that socially disadvantaged groups live in larger proportions in high risk areas.

Respondent’s exposure (E1) shows significant correlation with most indicators stand-

ing for impacts (D1–D5) in both regions. All the vulnerability indicators (V1–V11)

show significant correlation to the variables indicating impacts (D1–D5) (even if the

effects of exposure are screened), at least in one region.

The above analysis indicates that there are strong relations among various

vulnerability indicators, as well as between variables of exposure, vulnerability

and impacts. In order to further analyze these relationships, latent factors based on

the results above are constructed. However, we re-assessed the reliability of the

scales too. Afterwards, we determined the set of variables for each of the factors by

choosing only those variables from each set that returned the highest reliabilities

(using Cronbachs Alpha). The factors that have been built with this procedure are

listed in Table 11.13.

Using the new factors, as well as the other vulnerabilities explained in detail in

the previous section, we proceeded with multivariate tests and analyses. As

Fig. 11.2 indicates, it is evident that the “Area” variable (Bereg or Bodrogköz),

as well as the “Exposure” variable have a dominant role for the impact factor IdF

(Fig. 11.2).

The box plot shows that IdF for each exposure sub-group is higher for the Bereg

area.7 Furthermore, one can see that for decreasing exposure there is a decrease in

the IdF irrespective of the Area variable. Differences between the IdF and the Area

variable, as well as the Exposure variable, are highly significant (a non-parametric

Table 11.13 Latent factors, number of variables and Cronbachs alphaa

Index (Abbreviation) Number of variables Cronbachs Alpha

Impact Factor (IdF) 11 0.842

Preparedness Institutions Factor (VprepF) 4 0.946

Savings Factor (VsavF) 5 0.955

Borrowing Factor (VborF) 10 0.736
aFor example, the impact factor (IdF) is now a continuous variable which is basically, for each

observation, the sum of the responses to the 11 impact questions coded as 0 or 1 (no or yes). Hence,

the higher the number of IdF the higher the (negative) impact The other factors were formed in a

similar way: the Preparedness Institutions Factor (VprepF) is the sum of the responses to the 4

questions associated with the past preparedness of the various institutions, the Savings Factor

(VsavF) is the sum of 5 responses on savings, and the Borrowing Factor (VborF) is the sum of 10

responses on the borrowing possibilities. Also, instead of the dichotomous exposure variable E1

we used the Exposure variable based on the respondent’s self-evaluation of exposure to floods,

which had three possible values, including ‘strong’, ‘weak’ and ‘no’ exposure

7Which can be seen, for example, by the thick black line in each box plot which represents the

median.
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Mann Whitney-U test was used). However, this is not the case for the interactions

between the two variables and IdF, i.e. Area and Exposure together does not show

significantly different IdF.

As a next step, to incorporate interactions between the vulnerability and expo-

sure variables as well as the latent factors, a general linear model approach was

used.8 In more detail, a general linear model with two factors (Exposure and Area),

as well as the corresponding vulnerability covariates, was created and tested.

Interrelationships up to the third level were also enabled. The model was significant

with an R-square of 0.699. Significant variables included the exposure and area

variables, trust, education, borrowing capacity, savings, health and perception of

(past) institutional preparedness. In a next step the sample was analyzed by means

of dummy variables again using a general regression model, but now without the

factors, but keeping interactions possible up to the second level. For example, we

looked at each Exposure and Area sub-group and performed a regression analysis.

strong weak No

Exposure

0.00

2.00

4.00

6.00

8.00

10.00

12.00
Id
F

Area

Bodrogköz

Bereg

Fig. 11.2 Box plots of the impact factor separated according to area and exposure

8Here, combinations of factors (dichotomous variables) and covariates (continuous variables or

factors) can be studied in more detail. Usually, continuous independent variables are called

covariates an dichotomous independent variables are called factors in general linear models.

Hence, we use these terms in the following.

11 Social Indicators of Vulnerability to Floods: An Empirical Case Study. . . 195



For Bodrogköz (medium exposure) no significant variables were found. Reasons

for that could be the small number of observations, as well as a small spread of the

IdF variable. For Bereg (high exposure) significant variables included education,

savings level, borrowing capacity, trust, social relations (i.e., number of family

members in the region), and civic activity.

As regards the relationships between vulnerability variables and impacts,

savings and borrowing abilities (and both together) are important, e.g. the higher

the capacities, the lower the impacts, however, correlations are low. Not surpris-

ingly, perception of good self preparedness in the past correlates with lower

impacts, and to the contrary, bad perception of the preparedness of the responsible

institutions correlates with high impacts. Also, with higher social relationships

within the community, impacts decrease. Alternatively, stronger civic activity

shows higher impacts, which could be explained in the sense that those who suffer

large losses have more motivation to complain to the authorities, which would then

mean that civic activity should be regarded as an exposure variable. Vulnerability

indicators drawn from the above analysis are summarized in Table 11.14.

The importance of the variables differ dependent on exposure level. Especially

health status and education are important vulnerability indicators for middle

exposed households, while for highly exposed households, savings, borrowing,

trust, and social relations are more important as indicators for vulnerability. Trust

and perception of preparedness of institutions are overall indicators of vulnerability

(but with lower correlations).

11.5 Conclusions and Recommendations

The primary aim of the chapter was to determine the major socio-economic factors

of flood vulnerability in regions highly exposed to floods. As it was expected, the

most important single variable determining impacts was the level of exposure and

geographical location. Most important indicators of social vulnerability proved to

be the following: health, education, savings, opportunities of taking loans, trust in

the members of the community and institutions, social relations, and perception of

preparedness of institutions against flood events. Remarkably, the majority of

indicators are related to human and social capital, as well as institutional capacities.

Economic variables, including income and employment appear less significant,

which may partially be the result of the low reliability of such data.

Table 11.14 Vulnerability

variables derived from

regression analysis

Variables Abbreviation

Health status V1

School education V2

Savings Factor VsavF

Borrowing Factor VborF

Trust in members of the community V8

Social relations V12

Preparedness Institutions Factor VprepF
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We found that the situation of the population of the Upper Tisza regions is rather

diverse regarding vulnerability. Only 40–50% of the population assesses their

health status as being good; only 40–55% have completed more than primary

education; only 35–45% have savings; and less than 35% would have access to

large loans. Trust is rather low and people assessed their flood preparedness as

slightly higher than mediocre. On the basis of the survey, it is possible to identify

the most vulnerable groups that are in a disadvantageous position, due to their

health and education status, as well as economic strength and social relations.

Hence, these indicators seem to be valid for determining the social vulnerability

due to floods.

This research goes beyond the study of the vulnerability of the regions in

question. Based on the indicators identified and the questionnaire created for their

measurement it may be expedient to assess the vulnerability of populations in other

high flood risk areas of Hungary and to identify the particularly vulnerable groups.

From a policy perspective, it seems worthwhile to further identify options for

reducing the level of exposure, either by structural or non-structural mitigation

measures. In addition, there are various opportunities to increase the resilience of

exposed communities. For example, increasing public spending on education would

increase the resilience of households in the future. Strengthening social cohesion

would most likely be an effective intervention. From a disaster risk financing

strategy, limited options remain for the government to directly help people at the

household level. However, there are large opportunities to help the population help

themselves in the future, for example, by introducing contingency loans so that

borrowing is also feasible for poorer communities and by establishing public/

private insurance arrangements that are both feasible and attractive for property

owners. Creating incentives to increase informal strategies to lessen the short term

(and therefore also the long term) consequences of the disaster event, such as

providing information on what should be done in case of floods (e.g. safe meeting

places for inhabitants, as well as for volunteers) and providing timely information

on where to apply for financial support would also increase the resilience of

exposed communities.
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Chapter 12

Designing a Flood Management and Insurance

System in Hungary: A Model-Based Stakeholder

Approach

Joanne Linnerooth-Bayer, Anna Vári, and Lisa Brouwers

Abstract This chapter describes how an integrated catastrophe model aided a

stakeholder policy process focusing on the design of the Hungarian flood insurance

system. The process incorporated views on flood insurance held by the public, local

authorities, government ministries and private insurers. It was based on extensive

interviews, a public survey administered to 400 persons in the risk and non-risk

communities and a stakeholder workshop. Stakeholder participation was aided by a

catastrophe model that could demonstrate the distribution of future flood losses

among the victims, the government and the insurers depending on the design of the

insurance pool. The Hungarian stakeholders reached consensus on the design of the

national insurance system with all its implications for loss reduction and burden

sharing. This pilot study illustrates the use of information technology in a partici-

patory, stakeholder setting, and as such is of interest to all policy makers seeking

social consensus for disaster risk management policies.
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12.1 Introduction

Over 400 communities and 1.2 million people along the River Tisza are at signifi-

cant risk from flooding. Since the eighteenth century, the response to flooding has

been mainly hydro-engineering operations that have massively reconfigured the

river basin. The Tisza floodplain (approximately 16,000 km2) is now protected by

nearly 3,000 km of flood embankments, which, however, remain inadequate to

protect against increasing frequency and discharges of floods (Bran and Borsos

2009). Ecologists point out that they threaten what remains of freshwater wetlands

that provide valuable eco-services and biodiversity that are essential if the region

switches to a more diversified agricultural and livelihood production. As discussed

in the Introduction to this section, many argue that a switch from the river defence
paradigm to a working landscape paradigm is necessary given the increasing

economic, environmental and social impoverishment of the region (Sendzimir

et al. 2010).

The New Vásárhelyi Plan (Hajós 2002) first enacted in 2003 (Government

Decision No. 1107/2003-X1.5) would make this paradigm shift by changing

emphasis from protective levees to the construction of reservoirs and the promotion

of biodiversity and other landscape improvement programs. This plan, however,

has not been implemented as fully as many would like, which has been attributed

primarily to cost overruns in the reservoir construction process and a lack of

political support for the landscape improvement (Borsos B, 2011, UNDP Technical

Advisor, personal communication, 10 February, Budapest). Slowed implementa-

tion can also be partly attributed to the plan’s failure to deal satisfactorily with

“winner and loser” issues. One issue is compensation to farmers who face reduced

livelihoods due to a pull back in river defences, and to those who will be relocated

due to the construction of reservoirs.

A half decade before the popular movements addressing implementation of the

New Vásárhelyi Plan political pressure had mounted to move away from building

embankments and river defences, but for different reasons and by different actors.

As Hungary prepared to enter the European Union in 2004, the government

recognized the difficulty of continuing its tradition of taking almost full responsi-

bility for flood risk management. A continuing dependence on river defences would

require investing huge sums in expanding and maintaining embankments, as well as

compensating victims for flood losses (e.g., by reconstructing damaged homes). EU

membership demanded fiscal austerity, and the financial authorities welcomed the

idea of more private responsibility for the reduction and response to flood disasters.

The topic of this chapter, and an issue that still plagues river basin management

in the Upper Tisza region, is how to distribute the gains and losses from national

and local policies aimed at reducing or coping with flooding. While the research

reported here was conceived and carried out before recent attempts to shift the Tisza

flood risk management to more environmentally oriented pathways, the methods

and results are highly relevant to current events. Today, this issue manifests itself in

the form of compensating farmers for giving up their land for reservoirs and for
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switching practices to cope with a changing ecological environment and landscape.

A decade earlier the issue was how to design a national flood insurance system that

would fairly compensate victims of floods in this region and at the same time

provide incentives for reducing flood risk.

This chapter shows how an integrated catastrophe model aided a stakeholder

policy process focusing on the design of a Hungarian flood insurance system. The

3-year process (2001–2004), consisting of interviews, a public survey and a stake-

holder workshop, has been described in detail elsewhere (Linnerooth-Bayer et al.

2006; Vári et al. 2003).1 We focus on how the catastrophe model informed this

process. The dynamic and spatially explicit flood simulation model, including its

design, user interface and use, is described in more detail in Brouwers and Riabacke

(Chap. 13, in this volume). We briefly summarize the background and contending

views on flood risk management in Sect. 12.2. Section 12.3 shows how

the stakeholder interviews led to three different options for the design of an

insurance and compensation program. In Sect. 12.4 the discussion turns to describ-

ing the flood catastrophe model that informed the second round of interviews and

the stakeholder workshop. In Sect. 12.5 we discuss the participatory workshop,

where the options were examined aided by model, followed by a discussion of the

stakeholder consensus in Sect. 12.6. We conclude in the final section by discussing

the unique features of this model-based participatory process.

12.2 Stakeholder Views

Many western countries, including the US, France and Norway, have allocated

responsibility for the economic losses from floods and other hazards by legislating

national insurance systems. Hungary, too, has recently instituted a public-private

insurance program (partly building on the results of the stakeholder process

reported in this chapter), yet penetration remains low and issues of loss sharing

are still on the public policy agenda. How much should people living in non-risk

areas and taxpayers contribute to preventing losses and compensating victims in

vulnerable communities, and to what extent should those living or locating in high-

risk areas bear the burden? This and other questions underline one of the more

controversial issues in Hungary – the respective roles of the government and the

private market in preventing and pooling disaster losses.

For the purpose of eliciting stakeholder views on flood risk management and

especially on how to distribute flood losses, face-to-face, open-ended interviews

were carried out with 24 active stakeholders, including persons representing cen-

tral, regional and local government agencies, farmers and entrepreneurs, NGO

1The research is based on a project funded by the Swedish Research Council for Environment,

Agricultural Sciences and Spatial Planning, and carried out by IIASA, Stockholm University and

the Hungarian Academy of Sciences Institute of Sociology.
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activists and insurance companies. Building on the views revealed by the stake-

holder interviews, a survey instrument was administered to 400 persons in Hungary

at four separate high-risk and low-risk locations in both rural and urban areas. The

interviews and survey results are reported in Vári et al. (2003).

While the interviews and survey predated activities leading to the New

Vásárhelyi Plan, in many ways they foretold the emergence of the “shadow

network” of environmentalists, intellectuals and others who now advocate a

changed management paradigm (Sendzimir et al. 2010). The stakeholder interviews

suggested three distinctly different paths that the Hungarian policy community

could take to reduce flood losses and provide support to flood victims in the

Upper Tisza region: state protection, individual responsibility and ecological

development. These paths, which have been discussed extensively in Linnerooth-

Bayer et al. (2006), are illustrated in Fig. 12.1 and briefly described below.

12.2.1 State Protection (River Defence)

According to the first path the government continues business-as-usual by taking

almost full responsibility for flood risks: building the embankments higher plus

generously compensating flood victims. The disincentives for risk reduction are

counterbalanced by controlling development in the flood-risk areas. This

hierarchical approach – corresponding with today’s river defence paradigm – was

considered unsustainable by some stakeholders insofar as it would likely lead to a

worsening of the central government’s budget deficit and, despite regulation,

encourage undesired development in the flood-prone areas. The interviews and

Fig. 12.1 The contested policy terrain (Source: Adapted from Linnerooth-Bayer et al. 2006)
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survey revealed that most Hungarians in and outside the Tisza region, however,

embraced this state-dominated flood management path, which appears somewhat

surprising in light of the current controversies in the Tisza region.

12.2.2 Individual Responsibility

While fiscal necessity forced a partly reluctant government to switch towards more

individual responsibility, this switch was positively welcomed by those opposing

government intervention more generally. Pro-market opinions emerged from within

the private insurance companies (which are foreign-owned to a large degree), as well

as the World Bank where a study queried whether protecting crops and homes in the

Tisza basin (given most of the farmers are poor) is worth the expense (HalcrowWater

1999). Since economic return from subsistence farming is low, it may make sense

according to this voice for the people in the high-risk areas to relocate. Their concern

is that government protection and compensation will encourage people to take fewer

risk-reducing measures and to move into high-risk flood plains.

Except for insurers and the World Bank, the stakeholders in Hungary hardly

attributed responsibility for flood damages to individuals in high-risk areas. There

was however many who blamed the new landlords for not maintaining water drains

and culverts. Relocation and other individual loss-reducing measures were not

popular, nor was there a sense that individuals and communities should be fully

insured.

Despite the low opinion of insurance as a workable policy measure, it is remark-

able that 60%2 (40% in the Upper Tisza region) of Hungarian households carried

flood insurance offered mainly by foreign-owned insurers (Horváth et al. 2001). The

reason for this high uptake was that flood policies were “bundled” with the residential

property insurance that is required for a homeowner mortgage. While insurance was

not uncommon, insurers offered only limited cover, mainly for breaching or over-

topping of the levees. The premium for homeowner flood insurance was independent

of the risk; insurers charged all households in Hungary an equal percentage of their

property insurance premium (flat rate) to cover flooding. The premiums of those

living in high-risk Tisza areas were thus cross subsidized by those living in low-risk

areas (for example in large cities like Budapest and Szeged), but still not making

insurance affordable to Tisza’s poor and vulnerable households.

12.2.3 Ecological Development (Working Landscape)

Critics of both state protection and individual responsibility, many of whom later

would support a paradigm shift to a working landscape, argued that state protection

2By 2010 this figure had increased to 72 % (Vereczki 2010).
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through the embankment program would further impoverish ecosystems that

sustain human and natural systems, and also route flood waters downstream causing

damage to the Lower Tisza residents and other riparian countries. Switching to

more individual responsibility through insurance was not the answer,

however, since this would place an unacceptable burden on an already vulnerable

population. In the extreme, it would force people to evacuate the region causing the

abandonment of historic villages and residents flooding into unprepared urban

areas. Preferred measures would include subsidized programs to help farmers

change land-use practices, re-naturalisation of the river by removing embankments

in some areas, the construction of retention basins, and provision of infrastructure

for soft tourism. Those who were sceptical of this holistic approach pointed out that

these measures would not reduce the risks to already existing villages and would

exclude commercial insurers from covering floods in Hungary. Nor would it solve

the government’s budgetary problem.

While views emphasizing state protection, ecological development and to a

lesser extent individual responsibility characterized the Hungarian stakeholder

discourse, no single stakeholder exclusively advocated any of these policy

directions. Almost all stakeholders agreed that levees are important and must

remain in many areas and, at the same time, that individuals are responsible for

reducing some flood risks. There was unanimity that arguments of economic

efficiency are not justified if they increase the burden to an already vulnerable

population. Most stakeholders thus supported some government protectionism and,

at the same time, saw a limited role for insurance. Still, the policy positions differed

greatly. Private insurers put more emphasis on market forces and incentives;

national and regional water authorities stressed structural measures and other

forms of state protection; and environmental groups gave priority to holistic

development and re-naturalization of the watershed. The result of the 3-year policy

process was the identification of an intersection of these policy directions, what is

called elsewhere a clumsy policy solution (Verweij and Thompson 2006), that

commanded wide support (Linnerooth-Bayer et al. 2006).

12.3 Designing a National Insurance Program

Hungary was able to look to other countries as it reflected on its options for a

national insurance program, many of which combine public and private responsi-

bility. As one example, the US National Flood Insurance Program (NFIP) offers

public insurance that is mandatory for those holding a bank mortgage, and the

program is moving from flat-rate to risk-based premiums in order to discourage

development in high-risk areas. Alternatively, France’s all-hazards insurance sys-

tem is private but backed by taxpayer funds. In contrast to the US, the French have

opted for flat-rate premiums to promote solidarity across regions and hazards. As a

further contrast, in the UK insurance is fully privatized and the central government

does not provide reinsurance or compensate flood victims. There are many such

204 J. Linnerooth-Bayer et al.



options that combine solidarity with individual incentives for reducing risks

(Linnerooth-Bayer and Mechler 2007).

The Hungarian participatory process began with two information-gathering

rounds (stakeholder interviews and public questionnaire) after which the research

team proposed three policy paths that appeared consistent with the expressed views.

As described below (and also in Linnerooth-Bayer et al. 2006) these paths take

account of the apparent widespread stakeholder support for continuing large gov-

ernment involvement in a national insurance program with post-disaster relief to

flood victims, as well as the simultaneous endorsement of introducing limited but

significant individual responsibility and insurance.

• Option A: This business-as-usual option would continue the practice of combin-

ing extensive government post-disaster relief with voluntary, flat-rate (cross-

subsidized) insurance;

• Option B: This option places more responsibility on households living in high-

risk areas. The government compensates victims by a lesser amount, and the

public role is supplemented by voluntary private insurance based on a flat-rate

premium. If a household wishes greater coverage, risk-based insurance would be

offered;

• Option C: This option reduces the role of private insurers with the creation of a

fully public insurance system (government disaster fund) financed by manda-

tory, flat-rate contributions from all property owners throughout Hungary. The

government subsidises insurance premiums for low-income households.

12.4 The Flood Risk Policy Model

To demonstrate the financial consequences of the three insurance options (A, B and

C) a flood risk policy model was developed for the Palad-Csecsei pilot region in the

Upper Tisza basin in collaboration with VITUKI Consult (this model is described in

detail in Brouwers and Riabacke (Chap. 13), this volume. See also, Brouwers 2002;

Ekenberg et al. 2003). Depending on the insurance option put into place, the aim of

the model was to simulate the incidence of flood losses on three stakeholder groups:

flood victims in the pilot basin, the insurance companies and the central govern-

ment. A second purpose was to examine the usefulness of the model, which was

augmented by a graphical user interface, for the deliberations at the stakeholder

workshop.

The flood risk policy model simulated the probabilistic distribution of flood

losses in the pilot basin over a 10-year horizon and demonstrated the possible

effects of selected policy interventions. It consisted of four modules: (1) a one-

dimensional, hydrological model of the river based on probabilistic input of water

levels at the source, (2) a GIS-based model with values for residential properties,

industry and crops in the pilot area, (3) an inundation model with vulnerabilities to

physical properties and (4) a policy module that could illustrate the effects of policy
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changes (see Brouwers and Riabacke (Chap. 13), this volume). The model

integrated assessments of the probability of the peril (high water) in the selected

geographic region, the probability of levee failure or over-topping of the levee, the

vulnerability of the properties concerned and the potential financial loss. The policy

module demonstrated the effects of various policy interventions on losses, includ-

ing, for example, raising the height of the levees or taking them down to create

natural reservoirs. The policy model also simulated the effects of insurance

arrangements on the profits of insurers, on the government budget and on those

living in the pilot basin.

Although the model was designed to be as realistic as possible given available

data and knowledge, it was not presented to the stakeholders as full reality. Ravetz

(2001) suggests that models be viewed as metaphors, as illustrations of reality

without any pretence of representing the full complexity of the physical and

behavioural context. Many simplifying assumptions with respect to the data, the

scale of the analysis and the functioning of the physical/economic system were

necessary. Because of data restrictions on property and crop values, the simulations

were carried out for a very small area, the Palád-Csécsei basin, which encompasses

only 40 km of the River Tisza and 107 km2 of flood basin, compared to the county

area of 5,937 km2, or about 2% of the flood area. There are 569,676 inhabitants in

the county, of which 4,621 (0.8%) live in the pilot basin. Second, only floods

resulting from embankment failures (overtopping or breakage) were taken into

account in the simulations. Groundwater related floods were excluded. According

to expert judgment, the risk of levee failure was assumed to be salient in only three

locations, and levee failures were assumed to result from floods of three magnitudes

(100-, 150-, and 1,000-year). There could be at most one levee failure per year. The

simulations were based on a 10-year period with 10,000 iterations. To take account

of land-use, climate and other changes, the annual flood frequency in this period

was assumed to be 10% higher than that calculated from the historical record. The

simulated flood damages occurred only to structural property, excluding crop losses

and business disruption. The spatial distribution of water depth (but not duration/

velocity) was superimposed on the distribution of property values in the pilot area

to estimate the direct damages by the use of depth-damage relationships.

The policy module built on the results of the simulated losses in the region and

illustrated how these losses would be distributed depending on the choice of a loss-

sharing system or national flood insurance program (Ekenberg et al. 2003). In other

words, the model addressed “if-then” queries: If Option A is adopted, then what are
the financial consequences to insurers, the government and the local property

owners? In an innovative extension of the model, and making use of a stochastic

search methodology (see Ermolieva and Ermoliev, Chap. 15 this volume), the flood

risk policy model went beyond testing “if-then” questions and generated an “opti-

mal” policy choice based on reasonable assumptions about the preferences of the

stakeholders.

The model informed the stakeholder process in a second round of interviews and

later at the stakeholder workshop. A slightly different picture emerged from the

discussions with the stakeholders when they were informed by the model
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simulations (see Ekenberg et al. 2003). Most importantly, some key stakeholders

realized that the poor could be assisted before instead of after the flood. This would
take the form of taxpayer support for pre-disaster loss reduction measures and

insurance. Government relief could thus be provided through a market mechanism.
The second round of interviews also showed resistance to incentives for

relocating people out of high-risk areas. In fact, many expressed a desire to keep

people in the high-risk Tisza area. An anonymous interview with a local mayor

revealed this sentiment: “In the Upper Tisza basin, people can survive on very little

money and lead reasonable lives, which would not be possible if they were

relocated to the cities.” Correspondingly, many stakeholders expressed dissatisfac-

tion with instituting risk-based premiums. An exception, not surprisingly, was

voiced by an anonymous representative of the Association of Hungarian Insurers

(MABISZ), who would like to see more risk-based insurance with the government

aiding those who cannot afford the high premiums: “The government should

subsidize the poor by the difference between the risk-based and flat-rate

premiums.”

Making use of the model, stakeholders revised their preferred option to reflect

what appeared to be a more moderate support for state protectionism toward more

market-oriented and yet pro-poor perspectives. The revisions reflect the almost

unanimous view that poor households should be assisted, and the polarized views

on the respective roles of private, risk-based insurance and a government fund (for a

detailed discussion see Linnerooth-Bayer et al. 2006).

12.5 The Model-Assisted Stakeholder Workshop

The stakeholder workshop was held in September 2002 in the Upper Tisza flood-

risk area. Participants included representatives of the key stakeholder groups,

including the local mayor, a resident of a non-risk area, the leader of a local

environmental group, officials of the regional water management authority and

the national authority for disaster management, and a representative of a major

international brokerage firm. Unfortunately, the representative from the Hungarian

insurance industry was not able to attend (because of a last-minute invitation to

attend a meeting on this topic with government representatives). The workshop as a

deliberative forum is described in detail in Linnerooth-Bayer et al. (2006) (see also

Renn and Thomas 1995; Thompson et al. 1990; Ney 2002). For our discussion, it is

important to note the role of the model in aiding the deliberations.

The moderated workshop began with a discussion on flood risk management

issues in the region, after which revised options for a flood insurance program (A, B

and C) were introduced. The policy model demonstrated how these options distrib-

ute flood losses among the three stakeholder groups. The participants were then

grouped according to the option chosen and asked to negotiate a common view in

their subgroup – reaching a consensus within a single perspective. In what follows

we describe the three options that emerged from the stakeholder deliberations.
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Fig. 12.2 The simulated decadal distribution of losses according to options A1, B1, C1 and D1
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12.5.1 Option A1: A Mixed Public-Private System

The option most closely resembling current practice in Hungary is the mixed

public-private system combining insurance with post-disaster government relief

(Option A), which was revised by the meeting participants to reduce government

compensation and supplement it with voluntary, flat-rate insurance. The spokesper-

son for the group choosing this option justified this choice as follows:

We, who were victims of probably the largest flood of the century, feel there is no doubt

about the responsibility of the government toward the local population. It wasn’t an

earthquake or a windstorm you can’t be prepared for. In the case of flood disasters the

government has a key role and also has to assume full financial responsibility. Flood
protection lines have been built, and theoretically . . . no water should come out through
the dikes. . . (emphasis added) (Linnerooth-Bayer et al. 2006)

Instead of incentives for the reduction of risks by residents in the high-risk areas,

Group A proposed an interesting innovation: The government and insurance

companies would contribute to a fund for financing preventive measures. The

final agreement was 50% compensation to flood victims from the government and

the rest would be dependent on the voluntary purchase of insurance, as detailed in

the box below:

Option A1: A Mixed Public-Private System

• Government compensation to private flood victims for 50% of their

damages;

• A private insurance system with

– voluntary policies (uptake rate assumed to be 50%),

– bundled or separate policies for all types of natural disaster risks,

– covering up to 75% of the damage,

– no deductibles, and

– flat-rate premiums (calculated as 0.015% of property value);

• Government subsidies for poor households up to 100% of premium;

• Reinsurance from the private market; and,

• Insurers contribute to a prevention fund (not included in the model).

12.5.1.1 Model Simulations for Option A1

Figure 12.2 shows the results of the simulated financial consequences of all three

options, plus the negotiated compromise (Option D) for the government, the

insurance policy holders and the insurers. The simulations for Option A1 are

based on the parameters shown in the above box, and also on a number of clarifying

and simplifying assumptions. It was assumed that 50% of households in the region

would purchase insurance cover. Consistent with government estimates, it was also

assumed that 60% of the households in the pilot area are poor, which means large

subsidies from the government to poor households for purchasing insurance.
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Finally, the insurers operate with no transaction costs. Because of these limiting

assumptions, the simulation results should be regarded as only rough approximations

of the financial burdens, at most indicating the relative burdens among the three

stakeholder groups.

The simulated distribution of losses from Option A1 totaled €180,000 for the

decade. The government continues to absorb a large percentage of the losses, and the

insurers can also expect a net loss. It is clear that the insurers would not agree to this

system, which closely resembles current practices, and may help explain why insurers

are pulling out of high-risk regions.

12.5.2 Option B1: Private Responsibility and Insurance

Turning to Option B1, significantly more reliance is placed on private insurance

than is currently the case; however, to protect poor households the government

subsidizes insurance premiums for low-income households. This option has the

advantages of discouraging (non-poor) persons from locating in high flood-risk

areas and placing the burden on the pool of exposed persons rather than on

taxpayers. Given weak Hungarian support for individualistic policy paths, it is

not surprising that only one participant at the workshop selected Option B1 as the

preferred policy, and justified this choice as follows:

We have to consider that if the government covers all the costs, this actually means that the
costs are covered from the pockets of the citizens, including us. . . Therefore, I agree with
the proposal that the government should not directly provide compensation. . . . (emphasis

added) (Linnerooth-Bayer et al. 2006).

The government should not provide compensation, but taxpayers are called upon

in two ways. Poor households can purchase subsidized flood insurance, and a

government catastrophe fund (a type of reinsurance) would cover claims in the

case of very large or multiple catastrophes that go beyond the means of insurers.

The details of Option B1 are listed in the box below:

Option B1: Private Responsibility and Insurance

• No post-disaster government compensation to private flood victims;

• Private insurance system characterized by

– non-mandatory policies,

– cover for flood, standing water, and all hazards (not modelled),

– insurance purchased separately or bundled with property insurance

policies,

– up to 100% cover for damage without deductibles, and

– risk-based premiums;

• Government subsidies for poor households up to 100% of premium;

• Government re-insurance fund financed by tax revenues.
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12.5.2.1 Model Simulations for Option B1

What is notable about Option B1 (see Fig. 12.2) is the relatively advantageous

outcome for private insurers, and no doubt insurers would have preferred this

option if they had participated in the workshop. The government has large

expenditures because of its role in subsidizing low-income households and

providing a guarantee for the private insurers. The model showed that with

90% probability, the government losses over the decade are over €40,000 (this

is relatively small, but it should be kept in mind that this exercise covers only

the small pilot basin). Since losses to residents in the pilot region are averaged

over those with and without insurance cover, these losses appear equivalent to

Option A1; however, this masks the equity issues since uninsured households

(40%) will be devastated in this scenario. A question, which was not dealt with

by the stakeholders, is whether the government would not then be under extreme

political pressure to provide aid to uninsured households? For the representative

insured household, the loss in flood years is only the insurance premium of €32.
This annual premium is risk based, and is equivalent to about 0.07% of the

selected, high-property value household.

12.5.3 Option C1: A Public Insurance Fund

According to Option C1, the government acts as the primary insurer, thus

eliminating private insurance as an option. All property owners throughout

Hungary would be required to purchase catastrophe insurance from the govern-

ment. The premium will not be based on the locational risk of the household but

will take the form of a flat-rate tax on property. This will shift liability for disaster

reconstruction from taxpayers to property owners. Private insurers administer the

system on a commission basis by collecting premiums and by assessing and paying

post-disaster claims. The premiums contribute to a public catastrophe fund; how-

ever, if premium income is not sufficient to cover losses, taxpayers will be called

upon to supplement the fund in addition to subsidizing poor households (up to

100%) in their purchase of insurance. Four participants at the stakeholder workshop

selected this option. The spokesperson for this small group justified the choice as

follows:

In Hungary, the floods have already shown that there are risks for which insurance
companies are unwilling to offer coverage on a market basis, and that’s why we need a

catastrophe fund. . .operated according to non-market principles . . . but not necessarily
funded by the central budget. (emphasis added) (Linnerooth-Bayer et al. 2006).

In discussing this option, it was emphasized that risk-based pricing would be

complicated (especially if the system is expanded to include other hazards) and also

12 Designing a Flood Management and Insurance System in Hungary. . . 211



would exclude the poor and highly vulnerable. The eventual agreement on the

details of the system by Group C are shown in the box below:

Option C1: Mandatory Public Insurance with Government Subsidies

• A public insurance system administered by private insurance companies

with

– mandatory policies (100% uptake is assumed),

– cover extending to all natural disasters (not modeled),

– cover extending up to 90% of the damage,

– no deductibles, and

– fund covered by a flat-rate tax (0.02%) on all property owners;

• Government subsidies to poor households up to 100% of premium;

• Government underwrites all risks including the risk of diverting the

catastrophe fund.

12.5.3.1 Model Simulations for Option C1

As shown in Fig. 12.2, the flood risk policy model simulated the financial

consequences of Option C1 for those directly affected by floods in the pilot region –

in this case only the government and resident households. Since the model was

unable to take account of additional risks that would be covered by an all-hazards

insurance system, the simulations reflect only the loss-sharing consequences based on

flood risks. It was assumed that property owners pay a special flood tax equivalent to

0.02% of their property value to the government catastrophe fund. This is roughly

equivalent to what households currently pay for flood insurance, which results in

significant cross subsidies across Hungarian (insured) property owners.

Looking at Fig. 12.2, this scenario is clearly superior to that of Option B1 in the

sense that both the government and residents can expect lower losses. The reason, of

course, is the absence of profits for the insurers. In a flood-free decade the govern-

ment fund will have a positive balance by collecting the flood tax from all property

owners in the pilot basin. In decades when floods occur, however, the costs to

government are substantial since the government awards close to full compensation

to the flood victims.

12.6 A Consensus Policy Path

After arguing for their policy perspectives, the workshop participants turned to a

lively and heated discussion on a possible compromise, which led to an imaginative

new system (Option D, Fig. 12.2): Only households with private insurance would
qualify for government assistance after a disaster, but the government would
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heavily subsidize poor households in their purchase of voluntary, private flood
insurance. It was also agreed that the government would not provide reinsurance for

private insurers. The details are shown in the box below:

Looking at Fig. 12.2, we see that the government continues investing signifi-

cantly in post-disaster assistance in the Tisza area, but its simulated losses are

somewhat less than for Option B1. The additional expense of subsidizing poor

households means that the government’s fiscal problem is not solved, at least not in

this decade (and the model demonstrated this).

Consensus Option (D)

• Government compensation only to insured households (50% of losses);

• A private insurance system with

– bundled or separate policies for all types of natural disaster risks (not

modelled),

– covering approximately 50% of the damage,

– voluntary, flat-rate premiums (0.01% of property value),

– no government reinsurance;

• Government subsidies for poor households up to 100% of premium.

12.6.1 Comparing Options

Table 12.1 shows the best, worst and mediocre options for the government,

residents of the pilot basin and the insurers for the simulated decade, as well as

for decades with “no floods” and with “severe floods”. For the simulated decade, the

pilot basin residents stand to gain the most from the consensus option, and also for a

decade with severe floods. For the government, the picture is very different, and

Option D is never the “best” option. The government stands most to lose in a no-

flood decade (because it subsidizes insurance premiums for poor residents). The

consensus option is the worst for insurers for the simulated decade, and insurers

only stand to gain in the unlikely case of no floods.

Overall, the pilot basin residents, but not the government, stand to gain from this

consensus solution. Why, then, did the government representatives support this

Table 12.1 Ranking of option D for the stakeholder groups under different decadal conditions

Stakeholder groups

Simulated

decade

No-flood

decade

Severe-flood

decade

Non-weighted

average

Government Middle (2) Worst (1) Middle (2) 1.7

Pilot Basin

Residents

Best (3) Middle (2) Best (3) 2.7

Insurers Worst (1) Best (3) Worst (1) 1.7
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system? As one of the participants remarked, “this policy will cost the government

dearly in the short term, but it will create a culture of responsibility and insurance in

the region over the medium term” (Linnerooth-Bayer et al. 2006). Indeed, the

government representatives saw Option D as shifting responsibility to individuals

over a long horizon, or building a culture of individual accountability. They

acknowledged the difficulty of imposing large burdens on a vulnerable and

distrusting population overnight. It is also interesting that the environmentalists,

who had originally been opposed to insurance, supported this gradual switch. The

heavy subsidization of insurance premiums for poor households placated those who

have a moral commitment to pro-poor policies and social justice. Interestingly,

during this 3-year process, trust in insurance companies appeared to increase,

perhaps with recognition that most insurers in Hungary are foreign based and

financially more secure than their Hungarian counterparts.

While it is remarkable that a consensus (absent insurers) was reached, many

caveats are in order. The nine persons at the workshop may not have adequately

represented the full range of stakeholder perspectives and interests. The solution on

which the stakeholders decided would not have been endorsed by insurance

companies, as it would have required them to offer greatly expanded cover at

flat-based rates. It is regrettable that the high-level representative from the insur-

ance industry cancelled his invitation to the stakeholder workshop to attend a

meeting at the Finance Ministry.

12.6.2 The Hungarian Insurance Legislation

Following the stakeholder workshop, and partly influenced by the results, the

Hungarian government decided upon a flood insurance program for properties

threatened by damages from riverine flood or standing water. According to legisla-

tion in 2003 (the so-called Wesselényi Miklós Fund (Act LVIII.)), the government

has fully underwritten flood insurance in high-risk areas where most private

companies do not offer policies.3 The program is administered by the regional

offices of the Hungarian Treasury and some local governments, and the government

provides a back-up if the premium pool is insufficient to cover claims. In direct

contradiction to the results of the stakeholder compromise, insurance premiums

will be risk-based, and the premiums of poor households will be subsidized only up

to 30%.

In other respects the legislated program is consistent with the stakeholder

solution: Insurance is voluntary and available only for homes built with a permit.

It covers all flood and standing water damages both in protected and unprotected

3No private insurance company has offered insurance against the risk of standing water that is not

related to riverine flood.
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flood basins. The indemnity can reach 100% of the property value (in contrast to

50% as agreed by the stakeholders), but with a maximum of Euro 57,000.

To date uptake of this insurance is low. In 2010 the number of properties insured

within the framework of the Wesselényi Miklós Fund was 876, while the number of

entitled property owners was over 100,000 (Vereczki 2010). Its Achilles heel seems

to be that poor households will only receive a 30% subsidy for their private, risk-

based insurance premiums. The great majority of Hungarians still feel that the

government should be responsible for flood prevention and compensation, and in

case of severe floods the government still compensates flood victims. For example,

during the 2010 summer floods and storms, when the estimated losses of the

households totalled around 143 million Euro,4 government subsidies reached

around 11 million Euro (Vereczki 2010).

12.7 Conclusions

This book is dedicated to the notion that the development of efficient and equitable

policies for managing disaster risks and adapting to global environmental change is

critically dependent on robust decisions supported by integrated modeling. This

chapter has demonstrated how an integrated model can support a stakeholder

process in the design of a national flood insurance program in Hungary. The

Tisza stakeholder process, which combined information technology with public

participation through stakeholder interviews, surveys and a workshop, was innova-

tive in many ways: It was uniquely based on the methodology of catastrophe

modeling by combining Monte Carlo simulations to generate the incidence of

flood losses taking account of different options for an insurance program. The

model helped to clarify how simulated flood losses would be shared among the

victims, the government and the insurers depending on the design of the insurance

pool. Model-based techniques for public involvement were grounded in a recogni-

tion and respect of diverse values and worldviews on the part of the stakeholders

and the need to reach a consensus mindful of this diversity. Finally, the stakeholder

process reached a pilot consensus on an innovative disaster insurance scheme for

Hungary, which was influential in the legislation that was adopted following

publication of the study.

The resulting solution based on only nine workshop participants clearly cannot

claim to be representative of the full policy terrain in Hungary; in fact, the insurance

company voice was underrepresented at the workshop. The value of this pilot study

lies rather in pointing to a new form of policy analysis that makes use of informa-

tion technology and concepts of consensus policy solutions in participatory, stake-

holder settings, and is respectful and mindful of the different views of the problem

and solutions. It is hoped that the methodology and model-based participatory

4 This figure includes damages caused by both floods and storms.
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processes presented in this chapter will be useful for all researchers intent on

providing useful information to controversial policy issues such as those

characterizing the policy discourse today in Hungary.
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Vári A, Linnerooth-Bayer J, Ferencz Z (2003) Stakeholder views on flood risk management in

Hungary’s Upper Tisza basin. In: Linnerooth-Bayer J, Amendola A (eds) Special edition on

flood risks in Europe. Risk Anal 23:537–627

Vereczki A (2010) Insurance and extreme weather. “CLIMA-21” brochures. Clim Change Impacts

Responses 63:73–82 (in Hungarian)

Verweij M, Thompson M (2006) Clumsy solutions for a complex world: governance, politics and

plural perceptions. Palgrave Macmillan, New York

216 J. Linnerooth-Bayer et al.

ftp://ftp.iccr.co.at/penref/d4-synthesisreport.pdf
ftp://ftp.iccr.co.at/penref/d4-synthesisreport.pdf


Chapter 13

Consensus by Simulation: a Flood Model

for Participatory Policy Making

Lisa Brouwers and Mona Riabacke

Abstract An overall goal of the Upper Tisza flood risk management project was to

design a flood management policy that shared liability for disaster losses between

the central government and individual households in a way that was considered

acceptable by all the stakeholders. A participatory approach was adopted, where a

flood simulation model was used interactively to support the process. In this

chapter, we describe the design, implementation and use of the dynamic and

spatially explicit flood simulation model, which incorporated novel elements like

micro-level representation and Monte Carlo techniques. The model was provided

with an interactive graphical interface designed to facilitate its use as a decision

support tool in a participatory setting with multiple users. During this process, the

model supported comparisons between pre-defined policy options, as well as the

design of a new policy option on which consensus was finally reached.

Keywords Catastrophe modeling • Decision Support tool • Flood risk manage-

ment • Flood simulation model • Stakeholder processes • Tisza

13.1 Introduction

Risk and environmental policy making is characterized by multiple subjects with

different values, knowledge, perceptions and interests: this can make the decision

process long and complex. In democratic societies, participatory procedures are
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increasingly promoted as a way to reach consensus through stakeholder deliberation

(Stern and Fineberg 1996). Recent advances in information technology can provide

citizens with relevant information and facilitates their participation in the political

processes in what is now called “eDemocracy” (Macintosh andWhyte 2006). The use

of decision support systems and decision analytical techniques during participatory

policy-making processes has proved beneficial to both the decision process and the

acceptance of resulting decisions (Gregory et al. 2005; Rios Insua et al. 2007).

Indeed, these techniques offer a common platform, where different viewpoints can

be modelled and compared (Jiggins and de Zeeuw 1992; Cain et al. 2003; Jakeman

et al. 2006). In the case discussed in this chapter, the model facilitated discussion of

pre-proposed policy options for flood risk management by illustrating and clarifying

their impacts on the different stakeholders. In so doing, the model evaluated different

flood scenarios or narratives describing alternative futures.

Models can be developed at different levels of resolution. When dealing with

decisions like flood management affecting communities, a micro model, where

each individual or household is represented explicitly, has the advantage that it can

investigate the distributional effects of different policy options. Average outcomes

might hide inequalities. A policy that seems acceptable on the average can be

disastrous to certain individuals. Fairness and equity among individuals, societal

groups and/or geographical regions are factors that should be considered in policy

design (Linnerooth-Bayer and Amendola 2000).

Typically the outcomes of policy options depend on uncertain variables; this is

the case when dealing with risk of flooding or other natural disasters. Modern

computer techniques use Monte Carlo simulations to explore scenarios taking

account of uncertainty. In each simulation the uncertain variables are assigned

new random values within their distribution, and the process is repeated a large

number of times to achieve statistically reliable outcomes. During the last two

decades, spatially explicit catastrophe models have been used primarily by insur-

ance and re-insurance companies for quantifying the risk of damage exposure

(Walker 1997; Ermolieva 1997; Amendola et al. 2000a, b; Ermolieva and Ermoliev

2005). These models typically cover large geographic areas and use large amounts

of property data and land-use data for calculating the effects of simulated events.

Due to the data intensity, the models are often aggregated by region or zip code

area. Therefore, fine distributional effects of imposing different catastrophe policies

are lost.

In the Upper Tisza flood risk management project, the overarching goal was to

design a socially and economically acceptable national insurance system that would

shift part of the economic post-disaster liabilities from the central government to

individuals (Ermolieva et al. 2003; Vári et al. 2003). This chapter describes the

design and implementation of a flood simulation model that was used to support the

stakeholders in the identification of acceptable flood risk insurance policy options

in a participatory manner. The use of the model in the participatory process is

described in more detail in Chap. 12 by Linnerooth-Bayer et al.

The flood simulation model combined the features of micro models and catas-

trophe models. The simulations are spatially explicit and make use of disaggregated
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data on the level of households. Conceptually, it can be divided into four modules:

the disaster module, the policy module, the consequence module, and the interface

module. In Sect. 13.2, Simulation Model, we present the theoretical background of

the simulation model, followed by a conceptual description of how the different

modules interact. In Sect. 13.2.1, Disaster Module, we describe how the cata-

strophic flood events were generated and in Sect. 13.2.2, Policy Module, we present

how different policy options were constituted and how they were tested by the

model. Section 13.2.3, Consequence Module, provides a description of the eco-

nomic update rules for all agents. Section 13.3 Interface Module, describes the

graphical user interface and the principles that governed its design. In the conclud-

ing Sect. 13.4 we describe how the simulation model was used during the conclud-

ing stakeholder workshop (a full description can be found in Linnerooth-Bayer

et al. at Chap. 12 of this book).

13.2 Simulation Model

The flood management issues that were to be represented in the model were

identified through interviews and surveys with the involved stakeholders, in this

case, the government, the insurance companies, the individual property owners, and

the regional authorities. The importance of eliciting stakeholder values as a basis

for model design has been pointed out (Friedman 2004). In the Tisza flood man-

agement case, following the initial interviews (Vari et al. 2009; Linnerooth-Bayer

et al. 2006) significant economic indicators were identified that represented the

outcomes most important to the four stakeholder groups. To ensure that comparisons

between different policies were possible, it was important that all stakeholders had a

common frame of reference, in this case monetary outcome. In a participatory setting,

the outcome is ideally presented from different stakeholder perspectives.

A simulation approach was adopted to account for the complex and uncertain

system context. There were uncertainties on the macro-level (flooding intensity and

related levee reliability) as well as on the micro-level (distribution of insurance

contracts and of economic wealth). The uncertainties in combination with the

dynamic property of the policy model made the space of possible outcomes very

large. In policymaking, micro-level models are increasingly used (Mitton et al.

2000). Since micro data on every household in the pilot region was available, it was

decided to keep the data disaggregated in the model to allow for detailed analyses.

Only financial policies were incorporated in the model since estimations of costs

and consequences of imposing other types of policies were beyond the scope of this

pilot project.

The simulation model consisted of four modules: the disaster module, the policy

module, the consequence module and the interface module. The flood events were

generated by the disaster module. The flood management policy was specified in

the policy module. The economic outcomes for the stakeholders were updated

annually in the consequence module. The interface module provided the users
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with a graphical interface to enable interactive involvement and to display the

outcomes graphically. The basic time-step in the simulation model was a year, and

the time frame in these experiments was the forthcoming 10 years. Since the model

included randomness, an experiment consisted of a large number of simulations to

guarantee stable results.

13.2.1 Disaster Module

The river basin, located in the Szabolcs-Szatmár-Bereg County is divided into 11

municipalities, see Fig. 13.1.

Neighbouring countries are Romania, Slovakia and the Ukraine. In the model,

the basin was geographically represented in the form of a grid, consisting of

1,551 � 1,551 cells of 10 sq. m each. There were 2,580 private properties in

the basin. Since this part of the Tisza River is protected by flood levees, only

levee failures are considered as disaster events. A levee failure occurs when a levee

breaks or is overtopped. Hydrologists at Vituki Consult Rt. calculated the

probabilities for nine levee failure scenarios that could occur in the studied part

of the river. The nine scenarios were based on the assumption that a levee failure

could occur at one of three river locations. It was also assumed that a flood had one

of three possible magnitudes (100-, 150-, or 1,000-year flood). The combination of

location and magnitude resulted in nine failure scenarios, referred to as different

flood states of the system. The tenth and complementing state was the zero-event

when the levees did not fail and thus no disaster occurs.

The probabilities for the levee failure at three locations are presented in

Table 13.1. Monte Carlo techniques were used to simulate the annual flood state

of the system. The variable flood was assigned a random number in the range [0, 1]

from a uniform distribution. The value was checked against nine threshold values.

If the value is equal to or smaller than 0.0012, scenario 1 occurs (failure at location

1 from a 100-year flood), if it is smaller than or equal to 0.0032 scenario 2 occurs

(failure at location 1 from a 150-year flood), and so on. If the value is greater than

Fig. 13.1 Hungary with the

Szabolcs-Szatmár-Bereg

County
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the last threshold (0.0123) scenario 10 (no failure) occurs. The failure probabilities

were obtained through the compound probability of a flood and the failure of the

levee. For instance the probability for the event, levee failure at location 3 from a

1,000-year flood, is 0.00045 (0.001 � 0.45).

13.3 Policy Module

Since it would be impossible to consider all possible flood management policies,

even those associated with a national insurance program, a subset of the most

relevant policy parameters was identified. By varying the values of these

parameters in the simulation model it was possible to investigate selected policies.

The same approach was used by the Intergovernmental Panel on Climate Change

(IPCC) when they developed a set of long-term emission scenarios describing how

greenhouse gases emissions could evolve between the years 2000 and 2100 (Inter-

governmental Panel on Climate Change (IPCC) Working Group III 2000). The

policy options in this flood management study were based on the views elicited by

the initial stakeholder interviews and surveys as described in Chap. 12 (Linnerooth-

Bayer et al.). They reflect the widespread stakeholder support for continuing large

government involvement in a national insurance program with post-disaster relief

to flood victims, as well as the simultaneous endorsement of introducing individual

responsibility and insurance. The three pre-defined policy options that were

investigated in the simulation model at the stakeholder workshop (as described in

Linnerooth-Bayer et al. Chap. 12) are briefly summarized below.

Option A1: A mixed public-private system

• Government compensation to private flood victims for 50% of their damages;

• A private insurance system with

– voluntary policies (uptake rate assumed to be 50%),

– bundled or separate policies for all types of natural disaster risks,

– covering up to 75% of the damage,

– no deductibles, and

– flat-rate premiums (not differentiated by risk class) calculated as 0.015%

of property value,

• Government subsidies for poor households up to 100% of premium;

• Reinsurance from the private market.

Table 13.1 Levee failure

probabilities
Location 1 2 3

Levee failure from 100 year flood 0.12 0.20 0.28

Levee failure from 150 year flood 0.18 0.22 0.40

Levee failure from 1,000 year flood 0.19 0.33 0.45

Source: Vituki (1999)
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Option B1: Private responsibility and insurance

• No post-disaster government compensation to private flood victims;

• Private insurance system characterized by

– non-mandatory policies,

– cover for flood, standing water, and all hazards (not modelled),

– insurance purchased separately or bundled with property insurance policies,

– up to 100% cover for damage without deductibles, and

– risk-based premiums;

• Government subsidies for poor households up to 100% of premium;

• Government re-insurance fund financed by tax revenues

Option C1: Mandatory public insurance with government subsidies

• A public insurance system administered by private insurance companies with

– mandatory policies (100% uptake is assumed),

– cover extending to all natural disasters (not modeled),

– cover extending up to 90% of the damage,

– no deductibles, and

– fund covered by a flat-rate tax (0.02%) on all property owners;

• Government subsidies to poor households up to 100% of premium;

• Government underwrites all risks including the risk of diverting the catastrophe

fund

As described in Chap. 12 the purpose of the stakeholder workshop was to

explore the potential for a compromise option for a national flood insurance

program. The workshop deliberations were supported by the simulation model

that facilitated the interactive design of new options by allowing the workshop

participants to change parameters, such as insurance premiums and government

compensation, and simulating the economic impacts of each new option on the four

stakeholder groups.

13.4 Consequence Module

The economic outcome of alternative policy options were presented from four

stakeholder perspectives: government, insurer, property owner and regional admin-

istration (the aggregated economy of all property owners in the pilot basin). The

economic outcomes were saved after each model run, that is, over a simulated

10year period. After a sufficient number of simulations e.g. of 1,000 runs, the

outcomes of a policy experiment from all runs were analysed.

The outcome from a single run was not merely the result of the flood states and

flood compensation policy over the 10-year period; for each simulation run it was

randomly decided if individual property owners held an insurance contract or not.
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The overall proportion of insured properties was either decided beforehand in the

three policy options, see Sect. 12.2.2 above, or it was decided interactively through

the user interface. There were 2,580 properties, and thereby over six million

possible combinations of the binary insurance choice (insured/not insured).1 The

insurance distribution stayed fixed during a single run, that is, household insurance

choices did not change during the 10-year period.

According to statistics, as much as 60% of the households in the region were

classified as poor (KSH 2000). In the simulation model, this affected the extent to

which the government subsidised insurance premiums for low-income property

owners. Since we did not have access to micro data on household income, we

reduced the income variability into two states: poor or non-poor. The

income distribution stayed fixed during a simulation run. Being poor did not affect

the likeliness to buy insurance since according to all selected policy options the

government subsidized premiums.

13.4.1 Damages

For each of the ten levee failure scenarios (nine with failures and one without) the

model estimated a corresponding probabilistic distribution of economic damage to

each property. The total damages from a levee failure scenario were aggregated in

each of the 11 municipalities.

The expected annual damage for an individual property owner determined the

risk-based insurance premium. It was based on the average risk of the municipality,

that is, the total expected damage per municipality divided by the number of

properties.

13.4.2 Governmental Wealth

The extent to which the government subsidises the insurance premium for a poor

household was determined beforehand in the three pre-defined policy options or by

the users before starting a new experiment. After a levee failure, the government

compensated the owners of the flooded properties based on the option-specific

predetermined percentage of their damages. The economic balance of the govern-

ment is described in Eq. 13.1 in which GovSubs represents subsidised insurance

premiums and GovComp represents compensation for flooded properties and

t denotes time (the current year of simulation).

GovBalanceðtÞ ¼ GovBalanceðt� 1Þ � GovSubsðtÞ � GovCompðtÞ (13.1)

1 2,5802.
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13.4.3 Insurance Company

The insurance company receives income from insurance premiums. The premium

depends on the property value, the coverage (the fraction of property that is insured)

and the differentiation of the premium (flat-rate or a risk-based). As defined earlier,

a flat-rate premium depends on the property value together with the size of the

coverage. For example, if the premium is 0.1% of the property value, and the

coverage is 80%, then the annual premium for a property worth 200,000 USD is 160

USD. In contrast, a risk-based premium takes into account the expected local
damages (the average expected damages in the municipality) multiplied by the

insurer’s add-on (safety loading) and the size of the coverage for that property.

The insurer compensates policy holders who suffer flood damage depending on

the extent of the damage and the level of the coverage. Assuming damage of 10,000

USD, a policy 70% coverage would entitle the policy holder to 7,000 USD

compensation. Equation 13.2 describes the accounting book of the insurer. PremFR
denotes premium income from flat-rate premiums and PremRB from risk-based

premiums; Comp denotes the paid compensation.

InsBalanceðtÞ ¼ InsBalanceðt� 1Þ þ PremFRðtÞ þ PremRBðtÞ
� CompðtÞ (13.2)

13.4.4 Property Owner (Individual and Aggregated)

Property owners classified as poor are entitled to subsidized premiums to the degree

specified in the policy option. Equation 13.3 describes how the economic balance of

the property owners is calculated. The household economics or balance is reduced

by flood damages, Dam, and insurance premiums. Governmental subsidies and

damage compensation increase the balance.

PropBalanceðtÞ ¼ PropBalanceðt� 1Þ � DamðtÞ � PremFRðtÞ
� PremRBðtÞ þ GovSubsðtÞ þ CompðtÞ (13.3)

The aggregated balance for all property owners, the Pilot Balance, is described
in Eq. 13.4.

PilotBalanceðtÞ ¼ PilotBalanceðt� 1Þ þ
X

PropBalanceðtÞ (13.4)

For each of the four stakeholder perspectives, the policy-relevant parts of the

wealth described in Eqs. 13.1, 13.2, 13.3, and 13.4 were updated annually.
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13.5 Interface Module

The complexity of the micro simulation model made it unsuitable for direct use by

the workshop participants, who would supply input to the model (by designing

policy options) and interpret the output (by using the visualization as a basis for

discussions). In order to be suitable as a decision support tool in the participatory

setting with multiple users, the model was provided with an interactive interface.

This would enable the interactive discussion and revision of policy variables, e.g.,

how varying degrees of compensation would impact the four stakeholder groups.

Usability was an essential aspect, and a requirement for the user interface was

that all users with the relevant background knowledge should be able to interact

with the model regardless of their computer skills. It was important to engage all

participants in a limited time; therefore an interface that was easy to learn in a short

time was prioritized. Ideally, the economic consequences for the different policy

options would be presented taking into account as many of the potential stakeholder

objectives as possible, such as, consequences for the government, the insurer, the

individual, and the region as a whole. In addition, it was important that the results

were displayed such that misconceptions regarding the importance of individual

parameters could be refuted.

A main consideration for the design of the graphical user interface was which

variables from the model should be made available to users. The pros and cons of

exposing each model variable had to be weighed: hiding a variable at the cost of

compromising transparency or making it accessible at the risk of complicating the

use of the tool. The policy variables selected for display included, for example

insurance rate, premium and level of government compensation. To simplify the

input procedure and make it more suitable for collaborative work, the interaction

with the model was accomplished through mouse input, choosing values from pop-

up menus, dragging sliders or choosing radio-buttons. Results from similar projects,

for example, the ULYSSES project (Dahinden et al. 2000) show that such input

procedures are preferable to participants. Also, these input procedures increase

process awareness for the whole group (and not just for the person in control of the

keyboard) as everyone can follow the course of events and view the selected

options and their impacts. The different steps of the simulation procedure suggested

a natural division of interaction with the model into three stages: (1) choose a mode,
(2) set variables, and (3) view results. These stages are described below.

13.5.1 The Main Window: Choose a Mode

The tool can be used in two separate modes: the analyze mode (analysis of three

pre-defined policy options, where some of the parameters can be changed by the

user) or the experiment mode (design of new policy options). Figure 13.2 shows the

main window of the tool, where the user can choose to open the “settings” window

of either one of the two modes.
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13.5.2 Settings Windows: Set Variables

When simulating policy options, the user has the option of choosing the time frame

(number of simulated years), the number of simulation rounds in an experiment and

whether to increase/decrease the flood frequency rate.

Each mode has a specific purpose. In the analyze mode, the user can explore

variations of the three proposed flood management policies (options A1, B1 and

C1), here referred to as scenario 1, 2 and 3. In the settings window of the analyze

mode (see Fig. 13.3), the user can choose which scenario(s) to include in the

simulation. The user can choose the insurance rates (the percentage of households

with insurance) of insurance 1 (scenario 1 and 2) and insurance 2 (scenario 2).

The experiment mode was designed to support explorative processes where

users could modify existing policies and design new ones (up to three at a time).

In the settings window of the experiment mode, the users design their own policy

options by setting a group of parameters, namely yearly income, insurance rate 1,
insurance premium 1, compensation from insurance 1, insurance rate 2, compen-
sation from government, government acts as re-insurer and flood tax.

13.6 Results Window: View Results

The results are displayed in a common view for all simulated policy options (A1,

B1 and C1, or new ones). If three scenarios are simulated, the user has the option to

switch between displaying the results of the multiple scenarios or between the four

stakeholder perspectives.

Results corresponding to each perspective are displayed in two graphs, see

Fig. 13.4. The top graph shows the different economic outcomes resulting from

the simulation, whereas the lower graph shows the corresponding percentage

occurrence of each outcome, that is, the number of times that each outcome

Fig. 13.2 The main window
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occurred out of all simulations. This view enables the user to perform a relatively

easy comparison of different policy options, for example, in the majority of the

outcomes (95.2%) the government had 0 HUF2 expenses in scenarios 1, 2 and 3, but

in the most extreme case (0.2% of the outcomes) the government had a loss of over

400 million HUF for scenario 2, and in the case of scenario 1 and 3, a loss of 900

million HUF.

13.7 Stakeholder Workshop

Similar to other projects, like ULYSSES (Dahinden et al. 2000), the final stake-

holder workshop was moderated by two experts, one group moderator and one

model moderator. The group moderator guided the discussions during the work-

shop, and the model moderator guided the specific discussions during the computer

interaction period. Initially, the model moderator presented the simulation model

briefly to clarify the simulation modelling concept, the terminology and how to

interpret generated results.

Fig. 13.3 The settings window for the Analyze mode

2 1,000 HUF equals approximately 4.7 USD.
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The stakeholders (representatives from the four stakeholder groups) were

divided into three groups depending on which of the three pre-defined policy

options they preferred. After extensive model-supported deliberations, the

participants reached consensus on a new scenario (Policy Option D), the design

of which was made on screen interactively using the Experiment mode:

Consensus Option (D)

• Government compensation only to insured households (50% of losses);

• A private insurance system with

• bundled or separate policies for all types of natural disaster risks (not

modelled),

• covering approximately 50% of the damage,

• voluntary, flat-rate premiums (0.01% of property value),

• no government reinsurance;

• Government subsidies for poor households up to 100% of premium

After reaching consensus, there was an open discussion of the results and the use

of the tool. The participants had a positive attitude towards such a tool for

facilitating deliberative participatory processes.

Fig. 13.4 The results window. The top graph shows the different types of outcomes resulting

from the simulation. The bottom graph shows the corresponding frequency of each type of

outcome
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13.8 Conclusions

The model-based stakeholder process described in this chapter shows that an

interactive simulation model can aid a deliberative participatory process. A key

ingredient to success is early involvement and engagement of the stakeholders;

their perspectives and views should be represented in the model in a way that is

acceptable to them. This means that the design and implementation of the simula-

tion model must be iterative and performed in a co-operative manner. If the model

is developed according to these guidelines and provided with a user interface that is

easy to understand and manipulate, it can be used gainfully as a decision tool to

support policy discussions. During the workshop (described in Chap. 12 by

Linneroth-Bayer et al. in this volume), participants were able to support their

arguments with results from the simulations and explore new policy options.

Another important ingredient is rapid model execution. To be of practical use

during a workshop, a simulation run must not take more than approximately 1 min,

and the simulation outcomes must be presented to the users in a fashion useful for

comparisons and discussions. These two factors, combined with an understanding

of the model and its limitations, facilitated the process of reaching consensus on a

difficult and contentious policy issue.
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Chapter 14

A Risk-Based Decision Analytic Approach

to Assessing Multi-stakeholder Policy Problems

Mats Danielson and Love Ekenberg

Abstract The design of a public-private flood insurance system is a multi-

stakeholder policy problem. The stakeholders include, among others, the public in

the high-risk and low-risk areas, the insurance companies and the government. With

an understanding of the preferences of the stakeholder groups, decision analysis can

be a useful tool in establishing and ranking different policy alternatives. However, the

design of a nation-wide insurance system involves handling imprecise information,

including estimates of the stakeholders’ utilities, outcome probabilities and impor-

tance weightings. This chapter describes a general approach to analysing decision

situations under risk involving multiple stakeholders. The approach was employed to

assess options for designing a public-private flood insurance and reinsurance system

in Hungary with a focus on the Tisza river basin. It complements the actual stake-

holder process for this same purpose described in previous chapters of this book. The

general method of probabilistic, multi-stakeholder analysis extends the use of utility

functions for supporting evaluation of imprecise and uncertain information.

Keywords Flood insurance • Multi-stakeholder policy problem • Decision analy-

sis • Upper Tisza river basin

14.1 Introduction

The primary purpose of this chapter is to demonstrate a methodological approach

able to cope with multi-stakeholder decision problems in disaster risk management.

The methodology was applied to the Tisza river case study described in Chaps. 12

and 13. The upper Tisza river is subject to annual floods, and extreme floods are
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expected every 10–12%;years (Vári 1999). Financial losses from floods are severe

in this region, and costs for compensation to victims and mitigation strategies are

increasing. At the time of this study, the government was seeking alternative flood

management strategies, where part of the economic responsibility would be trans-

ferred from the public to the private sector. This meant finding a balance between

social solidarity and private responsibility. Most Hungarians, however, viewed the

government as primarily responsible, meaning it should both protect them from

flooding and compensate them for flood losses. The government considered this

policy as no longer affordable. Moreover, a flood risk management policy would

need to consider other views, including those of residents in high – and low-risk

areas, insurers, the tourist and other industries, farmers, environmental groups and

other NGOs, (non-governmental organizations). Consequently, there was a strong

need for reaching a consensus on loss sharing policies that would include

stakeholders.

As discussed in Chaps. 12 and 13, the design of a public-private flood insurance

system for Hungary presents a significant multi-stakeholder policy problem, and

this article focuses on its decision analytical component. In particular we apply a

decision tree evaluation method integrated with a common framework for analysing

multi-stakeholder decision situations under risk. The background data for the

analysis was provided by the Hungarian Academy of Sciences and complemented

by stakeholder interviews and a simulation model for investigating the effects of

selected policy options for a flood risk management program in the region (see also

Brouwers et al. 2004).

Since standard decision analytical methods are not suitable for this

multistakeholder problem, we used an interval-based method. Stakeholders rank the

relevant attributes of the policy option, such as whether it includes subsidies to

low-income households or presents low or high risks to the private insurers. Further-

more, the design of a nation-wide insurance system involves imprecise information,

including estimates of the stakeholders’ utilities, outcome probabilities, and weights.

Based upon statistical data and interviews (Brouwers and Riabacke 2012,

Chap. 13 this book), we demonstrate how implementation of a simulation and

decision analytical model can provide insights on the desirability of the selected

general policy options for a flood risk management program in the region. The

emphasis is on the multi-criteria and multi-stakeholder issues as well as on the high

degree of uncertainty in the background data.

14.2 A Decision Theoretical Approach

The advantages and disadvantages of approaches for evaluating imprecisely stated

decision problems are discussed elsewhere (see Ekenberg 2000; Ekenberg and

Thorbiörnson 2001; Ekenberg et al. 2005; Danielson and Ekenberg 2007). Our

selected decision analytic approach as it is applied to the Tisza multi-stakeholder
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policy problem, i.e., the design of a Hungarian flood insurance system that

maximizes stakeholder utilities, is discussed below.

14.2.1 Decision Analysis

Decisions under risk are often represented by decision trees as shown in Fig. 14.1.

The decision tree consists of (1) a root, representing the decision, (2) a set of

intermediary (event) nodes, representing uncertain events, and (3) consequence

nodes, representing possible final outcomes. Usually, probability distributions are

assigned as weights in the event nodes as measures of the uncertainties involved.

For an alternative Ai, there is a probability pij that the accompanying event occurs.

This event can have a consequence with a value vijk assigned to it or a subsequent

event. Commonly, the maximization of the expected value is used as an evaluation

rule. For instance, in Fig. 14.1, the expected value of alternative Ai is

EðAiÞ ¼
X2

j¼1

pij
X2

k¼1

pijkvijk1 (14.1)

There are several methodologies for analysing multi-criteria, multi-stakeholder

problems. However, these methodologies typically do not take adequate account of

uncertainty in the decision process. Precise decision information is generally not

available in public decision support situations.

The Tisza policy context is characterized by severe uncertain information, which

makes it suitable for our structured decision analytic method (Danielson 2004;

Fig. 14.1 A decision tree for

decisions under risk
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Danielson and Ekenberg 2007). There are some approaches that are also interesting

candidates for this analysis, such as the generic multi-attribute analysis (GMAA)

system (Jiménez et al. 2006) that takes account of uncertainty by allowing value

intervals to represent incomplete information about the alternative consequences as

well as the decision-maker’s preferences. Salo and Hämäläinen (1995) have also

developed a set of tools that have been discussed e.g. in (Danielson et al. 2008). An

important criterion in choosing the appropriate methodology for the Tisza case is its

acceptance by stakeholders.

The method used for evaluating the policy decision problem in the pilot basin

was developed for use in large decision problems similar to this case, with several

stakeholders and requirements of transparency. It is a multi-stakeholder extension

of a method for analyzing decisions containing imprecise information represented

as intervals and as qualitative estimates (Danielson and Ekenberg 2007; Ekenberg

et al. 2001; Danielson 2004).

In an interval decision analytic method, problem statements are explicitly given,

but as intervals or comparisons instead of fixed numbers, and only with the

precision the decision makers feel they have evidence for at that moment, e.g.,

the utility of a consequence is greater or less than the utility of another consequence,

or that the probability of an event is within an interval between 30 and 40%. This

has a number of advantages. First, the underlying information must be made

explicit, and second, the statements can be discussed with (and criticized by)

other participants in the decision process. Third, the requisite precision for a

decision becomes clearer, including needs for more information. Fourth, arguments

for (and against) a specific decision can be derived from the analysis material. Fifth,

the decision can be better documented, and the underlying information as well as

the reasoning leading up to a decision can be traced afterwards. The decision can

even be changed in a controlled way should new information become available at a

later stage.

14.3 The Policy Problem Formulation

As described in Chap. 13, two stochastic variables are used to represent flood

uncertainties, and the decision problem is based on various scenarios given the

stated sets of financial indicators.

Based on this, we have four prototypical scenarios. The first scenario is a private

insurance alternative with government subsidies for the poor, and the government

acts as reinsurer. This is option B1 in Brouwers and Riabacke (2012).

• No post-disaster government compensation to private flood victims

• Private insurance system characterized by

– non-mandatory policies,

– cover for flood, standing water, and all hazards (not modeled),
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– insurance purchased separately or bundled with property insurance policies,

– up to 100% cover for damage without deductibles, and

– risk-based premiums;

• Government subsidies for poor households up to 100% of premium;

• Government re-insurance fund financed by tax revenues.

In the second scenario, the government compensates flood failure victims.

Private insurance with government subsidies for the poor are used and the govern-

ment re-insure. The assumptions are the following:

• Government compensation to private flood victims for 50% of their damages

• Private insurance system

– Private, non-mandatory policies

– Natural disaster (flood, standing water, earthquake, etc.) insurance can be

purchased separately or bundled with property insurance policies

– Can reach 50% of the damage

– No risk-based pricing for natural disasters (cross subsidies within system)

• Government subsidies for poor persons to purchase natural disaster insurance

(can reach 100%)

• Government acts as re-insurer of last resort. Government re-insurance fund

financed by tax revenues

• Contribution to prevention fund by insurance companies.

The third scenario is a variant of the second, where the government compensates

flood failure victims, but does not re-insure. The assumptions are the following:

• Government compensation to private flood victims for 50% of their damages –

contingent upon the purchase of natural disaster insurance;

• Private insurance system

– Private, non-mandatory policies;

– Natural disaster (flood, standing water, earthquake, etc.) insurance can be

purchased separately or bundled with property insurance policies;

– Covers 50% of the damage;

– No risk-based pricing for natural disasters (cross subsidies within system);

• Government subsidies for poor persons to purchase natural disaster insurance

(100%);

• No government reinsurance fund;

• Contribution to prevention fund by insurance companies.

In the fourth scenario, the responsibility is partly shifted from the government to

the individual property owner. It includes mandatory public insurance for natural

disasters with government subsidies for the poor. The assumptions are the following:

• Public insurance system administered by private insurance companies
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– Public, mandatory policies;

– Only for natural disasters (flood, standing water, earthquake, etc.);

– Can reach 100% of the damage;

– No risk-based pricing (cross subsidies within system);

• Government subsidies for poor persons to purchase natural disaster insurance

(can reach 100%);

• Government establishes catastrophe fund to compensate natural disaster victims

and to assume all risks (risk of diverting catastrophe fund).

14.4 Analysing the Policy Scenarios

The computer tool DecideIT was employed (Danielson et al. 2003) for the

evaluations. The tool enables handling the information and making evaluations in

an automated way. The values from the Tisza investigations were entered into the

tool from the simulations similar to Brouwers and Riabacke (2012).

14.4.1 Representation of the Decision Problem

The decision tree is generated from the four policy scenarios, which are represented

as alternative branches. The final outcomes are divided into the three stakeholder

categories: Government, Insurance companies, and Pilot basin (i.e. municipalities).

Figure 14.2 shows a simplified tree used for option analyses. Figure 14.3 shows a

part of the actual expansion of one of the final nodes in Fig. 14.2.

In the absence of an actual and precise uncertainty measure, the simulations

serve as a basis for a more elaborate sensitivity analysis that will consider both

probabilities for floods and estimates of losses. The frequency of floods and levee

failures used in the background simulations is based on historical data. In general,

simulations of this type are dependent on a large number of input data, are, as such,

are sensitive to various types of errors. For instance, the simulations do not reflect

the flood frequency and magnitude (peak) increase during recent years. This may be

a result of the changes in forestation, urbanization, asphalting, and other land uses

or climate change (IPCC 2001). In the analyses below, ranges of values have been

used instead of the precise values from the simulations. The ranges are intervals

centred on the simulation values as mid-points.

Furthermore, since no structural mitigation measures are taken into account, the

decision problem is a zero-sum game, i.e., the problem is to find how the relative

importance of the stakeholders should be taken into account. This can be done by

assigning their preferences different weights. Naturally, there are severe difficulties

in assigning precise numbers for these importance weights, and it is more natural to

study the effects from weaker qualitative statements such as “the importance of
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stakeholder 1 is greater than the importance of stakeholder 2”, etc. The effects

of altering the feasible space of the importance weights are then easily analysed

in the tool.

14.4.2 Evaluation of the Policy Options

Using the simulation results from Brouwers and Riabacke (2012) in Chap. 13 of this

book, the analyses incorporate the stakeholder preferences, costs of the different

mitigation measures as well as costs for damages and property losses, and

probabilities of the different flood scenarios. In the Tisza case, three stakeholder

categories were modelled and the evaluation procedure is described below.

The primary evaluation rule for the decision trees is based on the generalized

expected values of the scenarios, taking all probabilities, values and (in the final

analysis) criteria weights into account. Since neither probabilities nor values are

Fig. 14.2 The simplified decision tree
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fixed numbers, the calculation of the expected value yields multi-linear objective

functions as in Eq. 14.1 above. Maximization of such non-linear expressions are

computationally demanding problems to solve for an interactive tool in the general

case, using techniques from the area of non-linear programming. In, e.g., Danielson

and Ekenberg (2007) there are discussions about computational procedures to

reduce non-linear problems to systems with linear objective functions, solvable

with ordinary linear programming methods. Equation 14.1 is then evaluated with

respect to the outcomes of the stakeholders and a total value range for the

alternatives is then obtained by weighting these results with respect to the

stakeholders’ assigned relative importance. Since it is practically impossible to

assert a meaningful quantitative (numeric) stakeholder weight (e.g. w1 ¼ 0.427),

qualitative weights are used instead in the analysis (e.g. w1 > w2). This is easier to

understand for the participants in the process.

How is it now possible to compare the scenarios? For a regular decision tree with

decision nodes, event nodes, and consequence nodes, there is one probability

constraint, P, and one value constraint, V. For a multi-criteria model, as in the

case here, there is also a weight constraint. When the probabilistic decision trees are

evaluated under some stakeholder preferences, the probability variables, value

variables and related constraints are assigned to the alternatives of the model. For

a decision tree, variables and constraints are assigned to the consequence nodes.

To further aid in the modelling of the problem, the orthogonal hull concept
indicates to the decision-maker which parts of the statements are consistent with the

available information given. The decision information can be considered as

constraints in the space formed by all decision variables. The (orthogonal) hull is

then the projection of the constrained spaces onto each variable axis, and can thus

Fig. 14.3 Small part of the decision tree as viewed in the tool
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be seen as the meaningful interval boundaries (Danielson and Ekenberg 2007). The

same type of input is used for values, probabilities, and weights, although the

normalization constraints S pi ¼ 1 (for probabilities) and S wj ¼ 1 (for weights)

must not be violated. All input into the model is subject to consistency checks

performed by the tool.

For each variable, there is also a focal point, which may be viewed as the ‘most

likely’ or ‘best representative’ value for that variable. Hence, a focal point is a

unique solution vector whose components for each dimension (variable) lies within

the orthogonal hull. Given this, we calculate the strength of alternatives as a means

for further discriminating the alternatives. The strength dij simply denotes the

difference in expected value between two scenarios (alternatives) Ai and Aj, i.e.

the expression E(Ai)–E(Am). For multi-criteria models, the expected value for each

criterion is aggregated into a weighted sum of expected values for the entire

decision problem. By denoting the expected value of an alternative Ai with respect

to the kth stakeholder with kE(Ai), this leads to an expression for the weighted

strength

X
k
wk

kEðAiÞ � kEðAjÞ
� �

In its most basic form (one-level decision tree), kE(Ai) is reduced to

X
k
pik � vik �

X
l
pjl � vjl

over all consequences belonging to alternative Ai and Aj respectively, such that pil
denotes the probability of the lth consequence, possibly occurring when choosing

scenario Ai. Details on how this is computationally handled in the evaluation are

found in (Larsson et al. 2005; Danielson and Ekenberg 2007). Hence, in the tool,

probabilistic decision trees may be used alone for single-objective decision

problems and can also be “connected” at any time to a criterion leaf-node in the

criteria tree as long as the initial alternatives in the probabilistic decision trees map

one-to-one onto the alternative set in the multi-criteria tree.

In the evaluation, the alternatives are pair-wise compared and a ranking is

induced. The strengths of each alternative compared to all the others can then be

compared using the tool. This results in graphs showing the maximum strengths of

the alternatives.

Figure 14.4 shows the result of asserting government as the most important

stakeholder. The importance weights were set accordingly (i.e. w(Gov) > w(Mun)

and w(Mun) > w(Ins) for a weight function w(·) that sums to one) and the

probabilities and costs were provided from the simulations. Note that no explicit

numerical weights had to be supplied. The x-axis shows the base cut, which is a

sensitivity analysis zooming in on central parts of the intervals. See below for a

more detailed discussion on the concept. The y-axis shows the difference in
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strength.1 Figure 14.4 shows graphs, representing the strengths of the

alternatives. at various base cuts. Thus, the upper graph represents the most

preferred alternative. Thus, in Fig. 14.4, the ranking of the alternatives is (from

most to least preferred): Alt. 3 (Refined Alt. 2), Alt. 2 (Mixed Insurance), Alt. 1

(Individualistic), and Alt. 4 (Public). It should be emphasized that this does not

mean that it is impossible for, e.g., Alt. 2 to be more favourable than Alt. 3. As long

as the graph of Alt. 2 is above the x-axis, there is such a possibility. However, the

likelihood that Alt. 3 is the alternative to prefer is much higher, so this should be

chosen if no other information is available. A natural way to handle the inherent

imprecision is to consider values near the boundaries of the intervals as being less

reliable than more central ones. If the strength is evaluated on a sequence of ever-

smaller sub-bases, a good appreciation of the strength’s dependency on boundary

values can be obtained. This is taken into account by cutting off the dominated

regions indirectly. This is called cutting the bases, and the amount of cutting is

indicated as a percentage, which can range from 0 to 100%.

Fig. 14.4 Government is considered to be the most important category

1 The scales are from the lowest value to the highest value on the y-axes.
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This can be seen as the x-axis in Fig. 14.4, which shows progressively larger

cuts. For a 100% cut, the bases are transformed into single points (focal points), and

the evaluation becomes the calculation of the ordinary expected value. It is possible

to regard the hull cut as an automated kind of sensitivity analysis. Since the belief in

peripheral values is somewhat less, the interpretation of the cut is to zoom in on

more believable values that are more centrally located. Or conversely, to zoom out

from the focal points, adding uncertainty as the zooming out progresses (leftwards

in the figures). Thus, this kind of contraction along the x-axis is a sensitivity

analysis procedure, in which all intervals are compressed in a controlled way

towards the focal point of the multi-dimensional space that all consequences

span. Using cut levels as in Fig. 14.4, it can be seen that d23, d12 and d41 are strictly
less that 0 at cut levels 80, 85, and 95%, respectively. This means that in a quite

substantial volume around the focal point, Alt. 3 is definitely better than Alt. 2, etc.,

and consequently, that there is no possibility for the converse to hold. Thus, the

above ranking is fairly stable under this kind of sensitivity analyses.

More formally, for comparing alternatives Ai and Aj, the upper line is max(d ij)

and the lower is – min(d ij), i.e. the lower line is reversed to facilitate an easier

comparison. Thus, one can see from which cut level an alternative dominates

another. As the cut progresses, one of the alternatives eventually dominates

strongly, i.e. there are no variable assignments yielding max(d ij) > 0. The inter-

pretation of the figures will be further described below.

Figure 14.5 shows the analysis when the difference of the weight of the

government is greater than the weight of the municipalities plus a constant of 0.3,

i.e., the government is perceived to be of even greater importance. As in the

previous analysis, both these weights are greater than the weight of the insurance

companies. It can be seen from the figure that the preference order is still the same

as above, but that the relative difference between these have increased. The x-axis

shows the cut in per cent ranging from 0 to 100. The y-axis is the expected value

difference d ij for the pairs. Using the same kind of analysis as above, it can be seen

from Fig. 14.5 that the ranking of the alternatives this time is the same.

Figure 14.6 shows the result of asserting the municipalities as being the most

important stakeholders (i.e. w(Mun) > w(Ins) and w(Mun) > w(Gov)). The ranking

of the alternatives is (from most to least preferred): Alt. 3, Alt. 4, Alt. 2, and Alt. 1.

We will here refrain from any recommendations concerning the best overall

choice, but note that during the discussions with the stakeholders, it seemed to be a

common view that at least the insurance companies should not be considered the

most important. If also it is assumed that the government and the municipalities are

considered as more important than the insurance companies (i.e. w(Mun) > w(Ins)

and w(Gov) > w(Ins)), we receive the result that the final alternative from the

stakeholder workshop is the preferred one. Now, one might argue that Alt. 4 ought

to be slightly modified to better fit also the perspective of the insurance companies.

In this way, information from the analyses can be fed back into the decision process,

yielding modified alternatives that in the end would be more acceptable to a

majority of the stakeholders. Such feedback loops are typical when working with

a method allowing imprecise data.
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In conclusion, this brief analysis shows the stability of the results. Importantly, it

is not necessary to assign explicit weights to the stakeholders (which could be

difficult or even controversial) to obtain this result. It is sufficient to give general

and comparatively weak preferences and still obtain confidence in the result.

It should be emphasized that the figures above are intended to explain the basics

of the method and do not present conclusive analyses of the Tisza case. The analysis

can (and should) be extended by, at least, further sensitivity analysis, analysis of

critical factors, and settings of security levels (Ekenberg 2000).

14.5 Summary and Concluding Remarks

We have discussed a decision analytical method for investigating the effects of

different policy options for a flood risk management program in the Tisza region.

This multi-stakeholder problem could not be solved using standard approaches, and

we have used an interval approach, called EDM, for the decision analytical part.

Fig. 14.5 Weight of government much greater than municipalities
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We have focused on the analysis of four alternative flood management policy

strategies, and used computational decision analysis to investigate the strategies.

We have explored the effects of imposing the strategies for the purpose of

illuminating significant effects of adopting different insurance policies. The main

focus has been on insurance schemes in combination with the level of government

compensation.

The analyses of the different policy strategies have been based on a simulation

model where expected flood failures as well as geographical, hydrological, social,

and institutional data have been taken into account. The generated results were

thereafter transposed to decision trees under three stakeholder perspectives. Taking

the simulation results into account, the scenarios have been analysed with the

decision tool DecideIT for evaluating the policy options under the various costs,

importance weights, and probabilities involved. No explicit importance weights for

the stakeholders were necessary, but only an ordering among them.

Note that we do not present all analyses performed, since the primary purpose is

to demonstrate a methodological approach to the multi-stakeholder decision prob-

lem. It is important to note that the end result of the analysis is a thorough

Fig. 14.6 Municipalities is considered to be the most important category
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understanding of the problem and recommendations relative to the input material

and preferences. Varying the importance weights of the stakeholders produced, as

expected, differing results. Needless to say, the issues involve several non-

mathematical aspects, not least political and it is up to the political process to

make the final decision with information based on results from the method proposed

in this article.
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Chapter 15

Optimizing Public Private Risk Transfer

Systems for Flood Risk Management

in the Upper Tisza Region

Yuri Ermoliev, Tatiana Ermolieva, and Istvan Galambos

Abstract This chapter summarizes studies on the development of a financial risk

management model for floods in the Upper Tisza river region, Hungary. We focus

on the evaluation of a multi-pillar flood loss-spreading program involving partial

compensation to flood victims by the central government, the pooling of risks

through a mandatory public-private insurance on the basis of location-specific

exposures, and a contingent ex-ante credit to reinsure the pool’s liabilities. Policy

analysis is guided by GIS-based catastrophe models and stochastic optimization

methods with respect to location-specific risk exposures. We use economically

sound risk indicators leading to convex stochastic optimization problems strongly

connected with non-convex insolvency constraint and Conditional Value-at-Risk

(CVaR).

Keywords Flood risk • Catastrophe modeling • Natural risk insurance • Stochastic

optimization • Contingent credit • CVaR

Y. Ermoliev

International Institute for Applied Systems Analysis (IIASA),

Schlossplatz 1, A-2361 Laxenburg, Austria

T. Ermolieva (*)

Ecosystems, Services and Management (ESM) Program, International Institute for Applied

Systems Analysis (IIASA), Schlossplatz 1, A-2361 Laxenburg, Austria

e-mail: ermol@iiasa.ac.at

I. Galambos

Center for Water Systems, University of Exeter, Exeter, UK

A. Amendola et al. (eds.), Integrated Catastrophe Risk Modeling: Supporting Policy
Processes, Advances in Natural and Technological Hazards Research 32,

DOI 10.1007/978-94-007-2226-2_15, # Springer Science+Business Media Dordrecht 2013

245

mailto:ermol@iiasa.ac.at


15.1 Introduction1

Inadequate land use practices, deforestation, clustering of people and capital in

hazard-prone areas, phenomena aggravated by lack of knowledge or ignorance of

the risks, are among the main reasons for the increasing dimensions of natural

disasters. Indeed, global scale analysis of natural disaster hotspots (Dilley et al.

2005) shows that damages from natural catastrophes have been rising just because

of economic growth in hazard-prone areas.

This alarming tendency calls for new integrated approaches to catastrophic risk

management in hazard prone areas. The existing approaches often ignore rare

disasters of high consequences and their complex spatio-temporal heterogeneities,

effective management of which requires a variety of interdependent strategies. New

systemic approaches were developed for Hungary, where 23% of the country is

endangered by riverine floods. Only the Netherlands has a similar degree of risk,

with 20% of the country under sea level. In Hungary, as described in Chaps. 11 and

13 of this book, the losses from floods and other natural disasters have been mainly

absorbed by the victims and governments (see also Kunreuther and Linnerooth-

Bayer 2000). With increasing losses from floods, many governments are concerned

with escalating costs for flood prevention, flood response, compensation to victims,

and public infrastructure repair. They may attempt to increase the responsibility of

individuals and local administrations and to promote risk sharing provisions for

flood risks and losses. Enforcement of loss-reduction and loss-spreading measures

is possible only after analysis of location-specific potential losses, their mutual

interdependency and sensitivity to new risk management strategies. Historical data,

even when available, are not very useful in a changing environment. Purely

adaptive learning-by-doing type of approaches may be very expensive and danger-

ous. The availability of models enabling the simulation of probable catastrophes for

designing preparedness programs becomes a key task. For this purpose, a new

comprehensive model has been developed as part of a joint IIASA-Sweden-

Hungary project on Flood Risk Management in the Upper Tisza Basin (Project

Proposal 2000).

In most countries (see Froot 1997), losses from disasters . . . “are paid ex-post by
some combination of insurers and reinsurers (and their investors), insured, state and

federal agencies and taxpayers, with only some of these payments being explicitly

arranged ex-ante. This introduces considerable uncertainty about burden sharing

into the system, with no particular presumption that the outcome will be fair. The

result is incentives for players to shift burdens towards others, from the homeowner

who builds on exposed coastline, to insurers who write risks that appear highly

profitable in the absence of a large event. But most importantly, bad or inefficient

1 This chapter is based on the paper “The role of financial instruments in integrated catastrophic

flood management” by Ermolieva T, Ermoliev Y, Fischer G, Galambos I, Multinational Finance
Journal 7(3&4): 207–230, 2003. The paper is reprinted and modified with permission of the

publisher.
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risk sharing raises the cost of capital for companies and requires returns for

households, reducing the amount of profitable investments and the rate of growth

of the economy.” Ex-ante mechanisms to fund the costs of recovery and, in

particular, the establishment of a multi-pillar flood loss-sharing program, are

especially important.

In our analysis we assume that for the first pillar the Hungarian government

would provide compensation of a limited amount to all households that suffer losses

from flooding. As the second pillar, a special regional fund would be established

through a mandatory flood insurance program on the basis of location-specific risk

exposures. It is assumed that the governmental financial aid is regulated through

this fund. As a third pillar, a contingent credit may also be available to provide an

additional injection of capital to stabilize the system. In the latter case, the lender

charges a fee that the borrower (in our case, the fund) pays as long as the trigger

event does not occur. If the event does occur, the borrower rapidly receives the

fund.2

The analysis of possible gains and losses from different arrangements of the

program is a multi-disciplinary task, which needs to take account of the frequency

and intensity of hazards, the stock of capital at risk, its structural characteristics,

and different dimension of vulnerability (e.g. engineering, financial). These

efforts require the development of comprehensive catastrophe models (Walker

1997). Section 15.2 discusses the main features of a GIS-based catastrophe model

developed for the Upper Tisza pilot region that, in the scarcity of historical data,

simulates samples of potential losses dependent on location-specific infrastructure,

property values, land use practices, etc.

Traditional insurance and finance quantify extreme events relying on available

loss estimates (Embrechts et al. 2000). Catastrophes produce interdependent direct

and indirect losses which may be unlike anything that has been experienced in the

past. The catastrophe model simulating such losses may deal with multivariate

dependent distributions of extreme values, i.e., with the case which is not suffi-

ciently addressed within the conventional extreme value theory. The existing

catastrophe models would open up the possibility for an “if-then” scenario analysis

but such approach suffers from the shortcomings discussed in Sect. 15.3. Those

drawbacks are overcome by the Adaptive Monte Carlo (AMC) optimization proce-

dure proposed by Ermolieva et al. (1997) and Ermolieva (1997).

Section 15.4 describes the spatial and dynamic stochastic optimization model

developed for the design of public multi-pillar flood loss spreading programs. The

model emphasizes the cooperation of various agents in dealing with catastrophes.

Sound catastrophic risk management policies, especially for small economies with

limited risk absorption capacity, cannot be accomplished without pooling of risk

exposures (see discussion in Pollner 2000; Amendola et al. 2000a, b; Cummins and

Doherty 1996). The proposed model involves pooling risks through mandatory

2 The advantages of this financial arrangement in contrast to catastrophic bonds are discussed, e.g.,

in Pollner (2000).
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flood insurance based on location-specific exposures, partial compensation to the

flood victims by the central government, and a contingent credit to the insurance

pool. Definitely, this program encourages accumulation of own regional capitals to

better “buffer” the volatility of international reinsurance markets. In order to

stabilize the program we use economically sound risk indicators such as expected

overpayments by “individuals” and expected shortfall of the mandatory insurance

(similar to our analysis of seismic risk programs in Amendola et al. 2000a, b,

Ermolieva et al. 1997. See also Chap. 3 of this book). We simulate the stochastic

system until the first flood when catastrophic losses exceed specified level (the time

of this event is defined as “stopping time” event). In this way we orient the analysis

towards the most destructive scenarios.

The explicit introduction of ex-post borrowing as a measure against insolvency

enables us to approximate the insolvency constraint by a convex optimization

problem, whereas the use of the contingent credit leads to the Conditional-Value-

at-Risk (CVaR) type of risk measures. Section 15.5 specifies this model further.

Numerical experiments indicate a strong dependence of demand for contingent

credit on the composition of other risk management measures. The importance of

such an integrated analysis was emphasized in Ermoliev et al. (2000a, b),

Kleindorfer and Kunreuther (1999), Mayers and Smith (1983).

15.2 A Catastrophe Model

The aim of catastrophe models (Walker 1997) is to generate potential samples of

mutually dependent losses for a given vector of policy variables. For example,

when there is a lack of historical data or the area undergoes substantial

transformations, models can estimate distributions of losses and gains for different

locations, households, insurers, and governments. This is critically important in the

case of rare events or new policies that have never been implemented in practice.

The catastrophe model developed for the pilot region of the Upper Tisza river

consists of five submodels (modules): the “River” module, the “Inundation” mod-

ule, the “Vulnerability” module, the “Multi-Agent Accounting System”, and the

“Variability” module (see Fig. 15.1).

The River module calculates the volume of water discharged into the study

region from the different river sections for given heights of dikes and associated

scenarios of their failures or removals, and given rainfall patterns. The latter are

modeled by upstream discharge curves. Thus, formally, the River module maps an

upstream discharge curve into the volume of water released to the region from

various sections. The underlying submodel is able to estimate the discharged

volume of the water into the region under different conditions, for example, if the

rain patterns change, if the dikes are heightened, or if they are strengthened or

removed.
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The next module is the spatial GIS-based Inundation submodel. The pilot region

has been modeled by a 1,500 �1,500 grids. This module maps water released from

the river into levels of standing water.

The Vulnerability module translates spatial patterns of released water into

economic losses. This module calculates direct losses and may include possible

cascading effects, such as floods causing landslides and their consequences. It may

also include loss reduction measures, e.g., new land-use modifications and flood

preparedness measures, simulating thus changes in economic losses induced by risk

reduction measures.

Released
Water

River 
Model

Dikes
Modification;

Failures;
Geo-Physical

Data
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Fig. 15.1 Modules of the catastrophe model
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The Multi-Agent Accounting System module maps spatial economic losses into

gains and losses of agents. These agents are the central government, a mandatory

catastrophe insurance pool, an investor, and “individuals”.

Given sufficient data, the above-mentioned submodels can generate scenarios of

losses and gains at different locations for specific scenarios of failures, precipita-

tion, risk reduction measures and risk spreading schemes. But there are significant

uncertainties and a large variability in these losses and gains. A 50-year flood may

occur in 5 days or in 70 years. Insurers are especially concerned about variability

since they may not have the capacity to cover large losses if they do not accumulate

sufficient premiums into their risk reserves before the occurrence of the cata-

strophic event. In an attempt to maintain their solvency, they may charge higher

premiums, which may result in overpayments by the insured. Alternatively, insurers

may undercharge contracts if the analysis is inadequate. Uncertainties also may

result from adopted loss-reduction measures. For example, increasing the height of

a dike may decrease the number of smaller floods and create an illusion of safety

attracting more properties towards the region. However, if it fails, it may cause

more damages in comparison to a dike without modification. The Variability

module, a Monte Carlo model, transforms spatial scenarios of losses and gains

among agents into probability distributions. For example, it derives histograms of

direct losses at a given location or sub-region. It also calculates histograms of

overpayments and underpayments for different agents (see Sect. 15.5).

15.3 Adaptive Monte Carlo Optimization

The catastrophe model opens up the possibility for “if – then” analysis, which

allows the analyst to evaluate a finite number of policy alternatives. However, this

analysis may run quickly into an extremely large number of possible combinations

resulting in unacceptable computational time. For example, when studying a region

subdivided into 10 locations (e.g. municipalities) with 10 alternative location-

specific risk-related policies (insurance coverage or location specific premiums),

the number of alternatives to investigate equals 1010. The analytical intractability of

stochastic catastrophe models often precludes the use of standard optimization

methods, e.g., genetic algorithms. Stochastic optimization methods (Ermoliev and

Wets 1988) are able to evaluate desirable policy measures without the evaluation of

all possible options. In particular, the so-called Adaptive Monte Carlo Optimization

(Ermolieva 1997; Ermoliev et al. 2000a, b). “Adaptive Monte Carlo” (Pugh 1966)

means a technique that makes on-line use of sampling information to sequentially

improve the efficiency of the sampling itself. The Adaptive Monte Carlo Optimi-

zation model for the Upper Tisza region consists of three interacting blocks:

Feasible Decisions, the Monte Carlo Catastrophe Model, and Indicators (Fig. 15.2).

The block Feasible Decisions represents all feasible policies for coping with

floods. In general, they may include feasible heights of dikes, insurance coverage,

land use modifications, etc. These variables affect performance indicators such as
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profits of insurers, underpayments or overpayments by the insured, costs, insol-

vency and stability indicators.

The essential feature is the feed-back mechanism updating decisions towards

specific goals. Losses are simulated by the catastrophe model, causing an iterative

revision of the decision variables after each simulation run. In a sense, the Adaptive

Monte Carlo optimization simulates in a remarkably simple and evolutionary

manner the learning and adaptation process on the basis of the simulated reversible

history of catastrophic events. This technique is unavoidable when the outcomes of

the catastrophe model do not have a well-defined analytical structure.

15.4 The Stochastic Optimization Model

In the model for the Upper Tisza region we use approaches similar to those adopted

in Amendola et al. 2000a, b, Emolieva et al. 1997, Ermoliev et al. 2000a, b for

seismic risks (see also Chap. 3). The main idea is based on subdividing the study

region into cells j ¼ 1; 2; . . . ;m . These cells may correspond to a collection of

households at a certain site, a collection of grids (zones) with a similar land-use

structure, or an administrative district or a grid characterizing industrial activities

for instance, with a segment of a gas pipeline. The choice of cells provides a

desirable representation of losses. In our case, the cells consist of the value of the

physical structures. Simulated catastrophic events affect at random different cells at

time t and produce mutually dependent losses Ltj. at time t
If x ¼ ðx1; x2; . . . ; xnÞ is the vector of the decision variables, then losses Ltj to a

cell j at time t are transformed into LtjðxÞ. In the case of the Tisza river, for example,

we can think of LtjðxÞ as Ltj being affected by the decisions of the insurance to cover
losses from a layer ½xj1; xj2� at a cell j in the case of a flood disaster at time t:

LtjðxÞ ¼ Ltj �max xj1;min xj2; L
t
j

h in o
þ xj1 þ ptj (15.1)

where max xj1;min xj2; L
t
j

h in o
� xj1 are retained by insurance losses, and ptj is a

premium function. The variable xj1 defines the deductible part (“trigger”) of the

contract and xj2 defines its “cap”.
In the most general case, vector x comprises decision variables of different

agents, including governmental decisions, such as the height of a new dike or a

Indicators
Feasible
Decisions

Catastrophe
Model

Fig. 15.2 The adaptive Monte Carlo optimization model
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public compensation scheme defined by a fraction of total losses
Pm

j¼1 L
t
j . The

insurance decisions concern premiums paid by individuals and the payments of

claims in the case of catastrophe. There are complex interdependencies among

these decisions, which call for the cooperation of agents. For example, the partial

compensation of catastrophe losses by the government enforces decisions on loss

reductions by individuals and, hence, increases the insurability of risks, and helps

the insurance to avoid insolvency. On the other hand, insurance combined with

individual and governmental risk-reduction measures can reduce losses,

compensations and government debt and stabilize the economic growth of the

region and the wealth of individuals.

Let us now turn to consider a potential insurance system for Hungary and

introduce some important indicators. In the following, for simplicity of notation,

we do not consider the most general situation, e.g., we consider only proportional

compensation by the government, proportional insurance coverage and we do not

use discount factors.

In this application the system is modeled until a first catastrophic flood, which

occurs within a given time horizon (stopping time). For the Upper Tisza region this

event is associated with the break of a dike that may occur after a 100-year, 150- or

1,000-year flood. Inputs to the simulation model are upstream discharge curves and

probabilities of dike failures. The timing of the first catastrophic flood significantly

affects the accumulation of risk reserves by the insurance, and total payments of

individuals; for example, a 100-year flood with the break of a dike may occur in

2 years.

Let t be a random (stopping) time to a first catastrophe within a time interval

½0; T�, where T is some planning horizon, say, of 10 or 50 years. If no catastrophe

occurs, then t ¼ T . Since t is associated with the break of a dike, the probability

distribution of t is, in general, affected by some components of vector x, e.g., by
decisions on dike modifications, land use changes, building reservoirs, etc. In this

chapter we discuss only the case when t does not depend on x.
Let Ltj be random losses at location j at time t ¼ t. In our analysis we evaluate the

capacity of the catastrophe insurance in the upper Tisza region only with respect to

financial loss-spreading decisions. Let us use a special notation for their

components such as pj , fj , n, q, y. If pj is the premium rate paid by location j to
the mandatory insurance, then the accumulated mutual catastrophe fund at time t
together with the proportional compensation n

P

j

Ltj by the government is equal to

t
P

j

pj þ n
P

j

Ltj �
P

j

fjL
t
j , where 0 � fj � 1, is the insurance coverage for cell j.

Thus, in this model we assume that the compensation to victims by the government

is paid through the mandatory insurance.

The stability of the insurance program depends on whether the accumulated

mutual fund together with the governmental compensation is able to cover claims,

i.e., on the probability of event:

e1 ¼ t
X

j

pj þ n
X

j

Ltj �
X

j

fjL
t
j � 0 (15.2)
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The stability also depends on the willingness of individuals to accept premiums,

i.e., with the probability of overpayments:

e2 ¼ tpj � fjL
t
j � 0; j ¼ 1; . . . ;m (15.3)

Apart from the compensation n
P

j

Ltj ðxÞ the government arranges a contingent

credit y with a fee q to improve the stability of the mandatory insurance by

transforming event (15.2) into (15.4):

e3 ¼ t
X

j

pj þ n
X

j

Ltj �
X

j

fjL
t
j þ y� tqy � 0 (15.4)

Here we assume that the mandatory insurance pays the fee tqy and receives the

credit y, whereas the government pays back the credit with the interest rate g y, g> 1.
The difference between compensation n

P

j
Ltj and contingent credit y is

significant: the outflow of fees is smooth, whereas the compensation of claims

has a sudden impact at time t, and without y it may require a higher government

compensation (greater n ) possibly exceeding the available budget. Therefore,

without ex-ante contingent injections of capital y the diversion of capital from

other governmental needs may occur.

Inequalities (15.3) and (15.4) define important events, which constrain the

choice of the decision variables specifying the insurance program, i.e., the com-

pensation rate n by the government, coverage by the insurance company fj ,

premiums pj , and credit y with fee q. The likelihood of events (15.3) and(15.4)

and values e2, e3 determine the stability (resilience) of the program. In a rough way

this can be expressed in terms of the probabilistic constraint

P e2>0; e3<0½ � � p (15.5)

where p is a desirable probability of the program’s default, say a default that occurs

only once in 100 years. Constraint (15.5) is similar to the so-called insolvency

constraint (Stone 1973), a standard for regulations of the insurance business. In the

stochastic optimization (Ermoliev and Wets 1988) constraint (15.5) is known as the

so-called chance constraint. The main goal can now be formulated as the minimi-

zation of expected total losses FðxÞ ¼ E
P

j

ð1� fjÞLtj þ gy including uncovered

(uninsured) losses by the insurance contracts and the cost of credit gy, subject to the
chance constraint (15.5), where vector x consists of the components pj, fj, y.

Constraint (15.5) imposes significant methodological challenges even in cases

when tðxÞ does not depend on x and events (15.3) and (15.4) are defined by linear

functions of decision variables (see discussion in Ermoliev andWets 1988, p. 8, and

in Ermoliev et al. 2000a, b, 2001). This constraint is of “black-and-white” charac-

ter, i.e., it accounts only for a violation of (15.3) and (15.4) and not for its size.

There are important connections between the minimization ofFðxÞ subject to highly -
non-linear and possibly discontinuous chance constraints (15.5) and the minimization
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of convex functions, which have important economic interpretation. Consider the

following function

GðxÞ ¼ FðxÞ þ aEmax 0;
X

j
fjL

t
j � n

X
j
Ltj � t

X
j
pj � yþ tqy

n o

þ bE
X

j
max 0; tpj � fjL

t
j

n o
; ð15:6Þ

where a; b are positive parameters.

It is possible to show (see chapter 2 in Ermoliev andWets 1988 and more general

results in Ermoliev et al. 2000a, b, 2001) that for large enough a; b a minimization

of function GðxÞ generates solutions x with FðxÞ approaching the minimum of FðxÞ
subject to (15.5) for any given level p.

The minimization of GðxÞ defined by (15.6) has a simple economic interpreta-

tion. Function FðxÞ comprises expected direct losses associated with the insurance

program. The second term includes the expected shortfall of the program to fulfill

the obligations; it can be viewed as the expected amount of ex-post borrowing with

a fee a . Similarly, the third term can be interpreted as the expected ex-post

borrowing with a fee b needed to compensate overpayments. Obviously that large

enough feesa,bwill tend to preclude the violation of (15.3) and (15.4). Thus, the ex-
post borrowing with large enough fees allows for a control of the insolvency

constraints (15.5). It is easy to see that the use of the ex-post borrowing (expected

shortfall) in the second term of GðxÞ in combination with the optimal ex-ante

contingent credit y controls the CVaR type risk measures. Indeed, the minimization

of GðxÞ is an example of stochastic minimax problems (see Ermoliev and Wets

1988, chapter 22). By using standard optimality conditions for these problems we

can derive the optimality conditions for the contingent credit y . For example,

assuming continuous differentiability of GðxÞ which follows in particular from

the continuity of underlying probability distributions, it is easy to see that the

optimal level of the credit y>0 satisfies the equation

@G

@y
¼ g� aP

X

j

fjL
t
j � n

X

j

Ltj � t
X

j

pj>y

" #

¼ 0 (15.7)

Thus, the optimal amount of the contingent credit is defined as a quantile of the

random variable
P

j

fjL
t
j � n

P

j

Ltj � t
P

j

pj specified by the ratio g=a, which has to

be not greater than 1. Hence, the expectation in the second term ofGðxÞ for optimaly
is taken under the condition thaty is the quantile of

P

j

fjL
t
j � n

P

j

Ltj � t
P

j

pj. This

is in accordance with the definition of CVaR (Artzner et al. 1999; Rockafellar and

Uryasev 2000). More general risk measures emerge from the optimality conditions

of GðxÞ with respect to premiums pj, fj.

The importance of using expected shortfall as an economically sound risk

measure was emphasized by many authors (see Arrow 1996; Embrechts et al.
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2000; Jobst and Zenios 2001; Rockafellar and Uryasev 2000). Important

connections of CVaR with the linear programs were discussed e.g. in Rockafellar

and Uryasev 2000. Let us note thatGðxÞ is a convex function in the case when t and
Ltj do not depend on x. In this case the stochastic minimax problem (15.6) can be

approximately solved by linear programming methods (see general discussion in

Ermolieva et al. 1997). The main challenge is concerned with the case whentandLt

are implicit functions of x . Then we can only use the Adaptive Monte Carlo

optimization. Let us outline only the main idea of these techniques. More details

and further references can be found in Ermoliev et al. 2000a, b.

Let us assume that vector x incorporates not only risk management decision

variables but also includes components affecting the efficiency of the sampling

itself (for more detail see Ermolieva 1997; Ermoliev et al. 2001). An adaptive

Monte Carlo procedure searching for a solution minimizing GðxÞ of type (15.6)

starts at any reasonable guess x0. It updates the solution sequentially at steps k ¼ 0;

1; . . . ; by the rule xkþ1 ¼ xk � rkx
k, where numbers rk>0 are predetermined step-

sizes satisfying the condition
P1

k¼0

rk ¼ 1,
P1

k¼0

r2k ¼ 1. For example, the specifica-

tion rk ¼ 1=k þ 1would suit. Random vector xk is an estimate of the gradientGxðxÞ
or its analogs for non-smooth function GðxÞ. This vector is easily computed from

random observations ofGðxÞ. For example, letGk be a random observation ofGðxÞ
at x ¼ xk and ~G

k
be a random observation ofGðxÞ at x ¼ xk þ dkhk. The numbers dk

are positive, dk ! 0, k ! 1, and hk is an independent observation of the vector h
with independent and uniformly distributed on ½�1; 1� components. Then xk can be

chosen as xk ¼ ~G
k � Gk

� �
=dk

h i
hk. The formal analysis of this method, in particu-

lar, for discontinuous goal functions, is based on general ideas of the stochastic

quasi-gradient methods (see Ermoliev and Wets 1988 and further references in

Ermoliev et al. 2001).

15.5 Demand for Ex-Ante Contingent Credit

According to the model of Sect. 15.4 and optimality condition (15.7), the demand of

the pilot region for a contingent credit significantly depends on the composition of

other risk management options and on the interplay of various factors. First of all it

depends on the occurrence of floods, the reliability of the flood protection system

and the prevailing land-use practices affecting the discharge curves. The demand

for a contingent credit increases with difficulties in raising ex-post credits and

governmental compensations.

In the following we discuss some numerical experiments using real data

collected in the Upper Tisza region. For the illustration of the proposed model we

use some simplified assumptions. The case study region is subdivided into 1,500 �
1,500 grids of 10 m2, and for each grid there are data on the vulnerability of its

assets. These grids are further aggregated into 40 cells. In the numerical

experiments we analyzed the demand for the credit under two alternative
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assumptions on premiums pj, i.e., actuarial premiums calculated based on available

data on average losses without differentiating the spatial risks and “fair” premiums

derived out of the equilibrium conditions (15.3), (15.4), where j ¼ 1; . . . ;m andm is

a number of cells/locations, in our casem ¼ 40. The flood occurrences are modeled

according to specified probabilities of rainfall patterns and dike breaks. There are

three dikes allocated along the pilot river branch. Each of them may break under the

probability of a 100, 150, and 1,000-year flood. In this chapter we take into account

only structural losses. The simulation time horizon is assumed to be 50 years. The

number of simulations (scenarios) in a single experiment was 10,000. A contingent

credit in our model is introduced to stabilize Eq. (15.2) according to Eq. (15.4). The

demand for the credit is, therefore, defined by negative values of indicator e1 or e3
for optimal solutionsfj,pjminimizing (15.6) for y ¼ 0and given n. This defines also
the lack of capacity for the mandatory insurance. Figures 15.3 and 15.4 illustrate the

results of the experiments with n ¼ 0:25, y ¼ 0. The horizontal axis shows the total

demand for contingent credit, negative e1 , whereas the vertical axis shows the

number of simulations and the cumulative probability.

In practical calculations (see Amendola et al. 2000a, b; Ermoliev et al. 2000a, b

and Sect. 15.5) histograms for constraints (15.5) calculated simultaneously with

the minimization of (15.6) provide a signal for increasing or decreasing risk

factors a , b to achieve a satisfactory level p . Intuitively, greater a , b lead to

constraints (15.5) with smaller p. On the other hand, this may considerably reduce

insurance coverage of catastrophic exposures. A trade-off between these two

effects can be resolved by using some additional considerations, e.g., political

considerations or purely visual character of histograms, which cannot be

formalized in general within a single model. Analysis of outcomes generated by

alternative risk factors is similar to the standard welfare analysis.
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According to our experiments, the premium for the first option equals on average

(per location and year) 0.87 million HF (Hungarian forints) (exchange rate: one HF

equals 0.003302 US dollars). As we can see from Fig. 15.3, the inflow of premiums

is not enough to compensate the losses, since e1 (which defines a certain safety

(solvency) level p for constraint in (15.5)) is often negative. In more than 2,000

scenarios out of 10,000 simulated catastrophic events the mandatory insurance at

the given premium lacks the capacity to cover losses. This calls for a more

significant intervention by the government through either increasing the level of

compensation n, and/or through contingent credit.

Location-specific optimal premiums improve the situation. Figure 15.4

illustrates the changes in the total demand for contingent credit by using the optimal
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premiums calculated from the minimization of (15.6) for the samev ¼ 0:25,y ¼ 0,a
and b. The model suggests a premium rate on average (per location and year) equal

to 0.83 million HF, which is lower than in the first case. Figure 15.4 shows that the

demand for contingent credit is also reduced (fewer negative values on the

horizontal axis).
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Optimal premiums improve also overpayments per year (Figs. 15.5 and 15.6),

i.e., the distribution of
P

j

max 0; tpj � fjL
t
j

n o
=t computed from the third term of

GðxÞ . Figures 15.7 and 15.8 show the distribution of uninsured losses computed

from the first term ofGðxÞ. It is evident (Fig. 15.8) that the optimal premiums reduce

coverage in order to stabilize the insolvency (negative e1 in Fig. 15.3) and

overpayments. In these experiments we used a ¼ b ¼ N ¼ 10. Figures 15.8 and

15.9 show further reductions of overpayments and the demand for contingent credit

for N ¼ 20, which are, in fact, due to further reductions of coverage and premiums

(Fig. 15.10).

The computer program (optimization part) was implemented in Matlab. The

optimization procedure is easily restarted from different initial solutions, for new

compositions of cells, and distributions of random parameters. The solution time

slightly changes with the number of decision variables and random parameters. It

may increase with the increase ofN (unreasonably largeNmay cause degeneracy of

G – level sets) and it also depends on the frequency of catastrophes. An important

idea to reduce this time is to use faster versions of the Monte Carlo simulations.

15.6 Concluding Remarks

In this chapter we argue that because of significant interdependencies among

catastrophe losses across different locations, the demand for a particular financial

instrument cannot be separated from the demand for other risk transfer and risk

reduction measures. We demonstrated that the demand for a specific contingent risk

transfer instrument, a contingent credit, significantly depends on other pillars of the

loss-spreading program for the pilot region of the Upper Tisza river, Hungary. In
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particular, our numerical experiments show that optimal location-specific

premiums of the mandatory insurance decrease the demand for contingent credit.

This analysis may be extended by using real data from the region to derive the

optimal size of contingent credit under different risk reduction measures, e.g., by

strengthening or removing some of the dikes. Preliminarily, purely toy exercises

show that the diversion of capital from direct compensation to investments into loss

reduction measures may essentially reduce dependencies among losses and, hence,

stabilize the mandatory insurance and reduce further the demand for cross-subsidies

on country-wide and international levels. It is also important to analyze the effects

of adaptive sampling procedures (adaptive Monte Carlo simulations), i.e., to enrich
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the set of decisions by components controlling the efficiency of the sampling.

Traditionally, the insurance industry manages independent risks by pooling its

exposures through contracts written on the basis of rich historical data. This is

not possible with regard to rare catastrophic risk with mutually dependent losses of

high consequences. Our model incorporates a generator of catastrophic losses

(catastrophe model) and it is able to optimize effects of dependent and location-

specific rare risks through iterative revisions of the catastrophe model by a

stochastic optimization procedure. An essential challenge is to develop a special

version of the catastrophe model enabling fast simulation of catastrophes and

comparative analysis of management decisions.

The reduction of highly nonlinear and often discontinuous insolvency constraint

(15.5) to a minimization of a non-differentiable and, in our case, a convex function

(15.6) is a rather promising idea. The minimization of function (15.6) can be viewed

as the simplest version of the so-called two-stage stochastic programs (see chapter

2 of Ermoliev and Wets 1988) and stochastic minimax problems, which are usually

solved by linear programming methods. The dependency of (15.6) on the stopping

time generally destroys concavity and even continuity of goal functions and brings

new challenges only briefly outlined in this chapter.
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Chapter 16

Flood Risk in a Changing Climate: A Multilevel

Approach for Risk Management

Stefan Hochrainer-Stigler, Georg Pflug, and Nicola Lugeri

Abstract Many regions in Europe are vulnerable to the expected increase in the

frequency and intensity of climate related hazards, and partly for this reason

adaptation to climate change is moving to the forefront of EU and national policy.

Yet, little is known about the changing risks of floods and other weather hazards, or

about possible adaptation options under these dynamic conditions. Based on a risk

modeling approach this chapter presents results on estimating changing flood losses

for Hungary, including the Tisza region, which is highly exposed to flooding. We

examine two generic options for managing the risks, including investments in risk

reduction measures and investments in insurance or other risk-transfer instruments.

The analysis distinguishes between different layers of risk (high and low conse-

quence), which provides insights on allocating between risk reduction and risk

transfer.

Keywords Flood risk • Climate change • Adaptation • Risk layer approach

• Hungary • Tisza region

16.1 Introduction

Europe is vulnerable to current and future weather related disaster risk, and climate

adaptation is moving to the forefront of EU and national policy (Kundzewicz and

Mechler 2010). Yet, little is known about changing risks under dynamic conditions

and the corresponding advantages and limits of options for adapting to climate
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change. This chapter focuses on Hungary and especially the Tisza region, which are

severely exposed to current and future flood risk (Linnerooth-Bayer et al. 2001;

Kovacs 2006; Parry et al. 2007).

Based on the EU research project ADAM (Adaptation and Mitigation Strategies,

see Kundzewicz and Mechler 2010), this chapter assesses how climate change can

affect flood risks in Hungary and the Tisza region, and discusses potential policy

options for its management. The assessment is based on the CATSIM approach (see

Chap. 8 in this book), and consistent with this approach the results are presented in

terms of (monetary) loss distributions. Current and (partly) future losses (projected

to 2071–2100) are estimated taking account of the hazard, the exposure of assets as

well as their physical vulnerability. The risk to human life is not included.

Unique to this analysis, changes in anticipated losses, compared to the current

risk situation, are separated into different risk layers. A low risk layer is comprised

of relatively frequent and low-consequence events, e.g., the 20- to 100-year events,

while a high risk layer includes loss events with low probability but high

consequences, e.g., the 100- to 500-year events. These different risk layers can be

expressed simultaneously with loss distributions or loss exceedance curves. Since

risk-reduction and risk-transfer measures are suitable for different risk layers, this

distinction should help the decision maker to determine the most appropriate

adaptation measures. This approach is especially useful if dissimilar changes in

risk at the local level can be expected, e.g., an increase in low-probability events in

one region and an increase in the frequency of small magnitude events in a

neighbouring region.

This chapter is organized as follows: In Sect. 16.2 current flood risk estimates at

the country and regional levels are presented, and in Sect. 16.3 the risks are

estimated for the year 2100 taking account of climate change. An adaptation

methodology to lessen losses taking account of risk layers is presented in

Sect. 16.4. Finally, Sect. 16.5 discusses the limitations of the method and ends

with a conclusion and outlook for the future.

16.2 Direct Flood Risk at the National and Regional Level

in Hungary

Direct flood losses are damages incurred from the immediate impact of the flood,

for example, to physical infrastructure and buildings. The term direct flood risk
characterizes the relationship between direct flood losses and the probability of

such events, usually in the form of a loss distribution (LD) curve or a loss

exceedance probability (EP) curve. An annual LD curve indicates the probability

p that at most $X is lost in a given year, while an EP curve indicates the probability

p that at least $X is lost in a given year. Hence, the LD and EP curves provide the

same information (Hochrainer 2006); however, in the catastrophe modeling litera-

ture the latter is used (Grossi and Kunreuther 2005) while in the risk management
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literature the (classical) LD curve is used (Pflug and Römisch 2007). Catastrophe

models (Compton et al. 2009), including CATSIM, are discussed in Chap. 8 of this

book and therefore not discussed in detail here. The following section describes the

approach applied to estimate flood losses in Hungary and the Tisza region.

16.2.1 Direct Flood Risk Estimation Methodology

Catastrophe models (see also Chap. 8) combine three components: hazard, expo-

sure, and physical vulnerability. The results are usually in the form of pixel-based

damages and their corresponding probabilities.

Based on Lugeri et al. (2009, 2010), we use a hybrid up-scaling method to

aggregate the loss curves from the pixel to regional level. Figure 16.1 shows our

approach for estimating direct flood risk at the European scale.

To compute exposure the CORINE (Co-ordination of Information on the

Environment) Land Cover (CLC) map of the European natural and artificial

landscape is applied (EEA 2000). The combination of hazard and land cover

maps allows the estimation of the exposure to floods, which are grouped

according to the classes of the land cover map. Generally, damage caused by

floods depends on the main characteristics of the flood, including its duration,

water depth, and water flow velocity. However, given the limitations of available

data across Europe, it was only possible to quantify these effects by considering

the flood depth alone. Therefore, the vulnerability of the assets under threat is

Fig. 16.1 Scheme for the evaluation of flood risk (Source: Adapted from Lugeri et al. 2009)
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estimated by means of depth-damage functions for relevant land use classes of

CLC for all EU 27 countries.

Flood hazard maps are generated from catchment characteristics. The main

component is the Digital Terrain Model (DTM), which allows an evaluation of the

water depth in each location after a given flood. The flood hazard map was

obtained from a 1 km * 1 km grid DTM and the dataset of European flow networks

with the same grid size. The latter was developed by the Natural Hazard Action

Group at the Joint Research Center (JRC) (see Barredo et al. 2005). It provides

quantitative information on both the expected extent of flooded area and water

depth. Since the map is based solely on topographic features, an algorithm has

been developed to compute the height difference between a specific grid-cell and

its closest neighboring grid-cell containing a river, while respecting the catchment

tree-structure. Hence, the hazard map provides “static” information, differently

from hydrological model-based maps that provide probabilistic information

arranged in terms of return periods or probability of exceedance. A probabilistic

read-out of the topography-based hazard map was made possible making use of

expert judgment and calibration from the LISFLOOD hydrologic model (de Roo

1998), which is available for some catchments of Europe (Lugeri et al. 2009). The

difficulty (due to the level of details needed and data availability) of using

hydrological models on such a macro scale constitutes a major limitation, which

is accounted for by including, where possible, uncertainty ranges in terms of

maximum and minimum loss values.

The computation of monetary flood risk relies on GIS processing of hazard

maps and territorial databases (the CLC and the stage-damage functions) com-

bining the probability and severity of flooding with spatially explicit information

on exposure and vulnerability. Model outcomes are grid based maps (pixel

resolution 250 m * 250 m) of monetary damage computed for five return periods

(50, 100, 250, 500 and 1,000 years). The basic maps are further elaborated to

produce average annual loss estimates (via integration of the EP curve).

The spatial aggregation of the results from the GRID scale to the regional and

country level is made possible by the hybrid convolution approach that was

expressly designed within the ADAM project (Hochrainer et al. 2012). This

approach is based on the idea that, depending on the magnitude of the hazard,

losses in different elementary spatial units (clusters) and their aggregation are

assumed to be co-monotonic, i.e. up to a given magnitude of the hazard and a

given size of the group of clusters, the losses are assumed to be totally indepen-

dent (e.g., occurrence of one event in one cluster does not alter the probability that

it also occurs in another cluster); afterwards they are assumed to be fully depen-

dent (Fig. 16.2). As the combination of two independent distributions is called

“convolution”, and the combination of two totally dependent distributions is

simply the sum of them, this technique is called “Hybrid Convolution”.
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The clustering scheme as the basic spatial aggregation frame is defined according

to the river catchment structure. In order to achieve a national breakdown of this

catchment-based aggregation method, the calculations are performed nationwide

by selecting the elementary clusters belonging to each administrative unit at the

chosen NUTS1 level (Fig. 16.3).

Using this method, eight cluster levels were defined, where the first cluster

represents the smallest sub-catchment corresponding to a single drainage branch

in the river network, and the eighth or last cluster is the largest level (country

scale). As Fig. 16.3 indicates, the clusters are structured hierarchically with each

cluster in each level being disjoint (Lugeri et al. 2010). In this manner proceeding

from lower clusters to higher clusters via the hybrid convolution process, loss

distributions with the desired resolution are obtained.
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Fig. 16.2 Hybrid convolution of two distributions assuming total dependence after the 100-year

event and no losses up to the 10-year event. Before the 100-year event (0.99 on the y axis) the two

distributions are assumed to be totally independent and afterwards fully dependent

1 NUTS (Nomenclature of Territorial Units for Statistics) is a geocode standard for referencing the

subdivisions of countries. Usually, a hierarchy of three NUTS levels for each EU member country

is established. Subdivisions usually (but not necessarily) correspond to administrative divisions

within the country (see Lugeri et al. 2010).
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16.2.2 Flood Risk in Hungary

Based on the approach described above the results are presented and extended to

include the regional and national levels. Figure 16.4 shows the estimated current

flood loss exceedance curve for Hungary.

The area under the loss exceedance curve yields the expected annual loss, which is

estimated to be around 128 million €. However, due to modelling issues within the

hazard component, there is considerable uncertainty around this estimate. Using

Fig. 16.3 Upscaling process from lower to higher spatial levels (defined here as cluster levels)

(Source: Lugeri et al. 2010)
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Fig. 16.4 Annual loss exceedance curve for Hungary (Source: Hochrainer and Mechler 2009)
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upper and lower bounds (based on the hazard analysis) the minimum and maximum

average loss is estimated to be between 114 and 143 million €, respectively. At the
regional level (or NUTS2 level), one can see that estimated losses are especially large

in the Tisza regions (eastern Hungary), including parts of Central Hungary, Northern

Hungary, the Northern Great Plain and Southern Great Plain (Fig. 16.5).

While estimates of average losses are one indicator for risk, they do not capture

extreme events or the heavy tail of the loss exceedance curve for which

other measures are necessary (Pflug and Römisch 2007). Figure 16.6 illustrates the

100-year loss for the respective regions in Hungary. As can be seen from this figure,

some of the Tisza regions can expect losses over 1 billion € for the 100-year event.

16.3 Estimating Future Flood Losses in the Tisza Regions

Taking Account of Climate Change

Climate change will affect potential climatic hazards in the future and therefore

change the direct risk either by increasing/decreasing the frequency and/or intensity

of events in the future (Parry et al. 2007; Dankers and Feyen 2008). The effect of

Fig. 16.5 Average annual losses for regions in Hungary (Source: Own calculations)
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climate change on future disaster losses, however, is highly complex, and

investigations are still in their infancy (Alcamo et al. 2007). We base our analysis

on a recent study by Hirabayashi et al. (2008) to determine changes in flood hazard

frequency in Hungary over the period 2010–2100 for a 100-year event for the A1B

storyline. The A1B storyline is a sub-scenario within the A1 storyline and defined

as follows:

The A1 storyline and scenario family describes a future world of very rapid economic

growth, global population that peaks in mid-century and declines thereafter, and the rapid

introduction of new and more efficient technologies. Major underlying themes are conver-

gence among regions, capacity building, and increased cultural and social interactions, with

a substantial reduction in regional differences in per capita income. The A1 scenario family

develops into three groups that describe alternative directions of technological change in

the energy system. The three A1 groups are distinguished by their technological emphasis:

fossil intensive (A1FI), non-fossil energy sources (A1T), or a balance across all sources

(A1B) (IPCC 2000, p. 4).

Estimates of the relative changes in the 100-year event serve as the basis to

estimate updated loss-return periods based on current risk data from Lugeri et al.

(2009). In other words, the loss distributions are shifted according to the projected

changes in the hazard frequency. The estimated change in the recurrence of the 100-

year flood across Europe is illustrated in Fig. 16.7. We see from this analysis that in

many regions the 100-year flood will occur as frequently as every 10 years at the

end of the twenty first century.

Fig. 16.6 100 year loss estimates for regions in Hungary (Source: Own calculations)
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It is not only climate change that will have an effect on future flood losses, but

also other types of “global change” factors, such as economic development, land

use and population dynamics, which will affect the elements at risk and the physical

vulnerability of the assets. However, these factors cannot be included since changes

in land use and population are scarcely predictable. Therefore, in this analysis we

focus only on the flood hazard as it is likely to be affected by climate change using

the already introduced hybrid convolution up-scaling technique to calculate

(aggregated) losses at the regional level for 2071–2100. Estimates for the 50-,

100-, 250-, 500- and 1,000- year loss event where calculated, and Fig. 16.8 shows

the results for the current and future risk situation for the 100-year loss event.

These results show a mixed picture for Hungary. The current 100-year loss for

the Northern Great Plain was estimated to be 1,250 million €, and as shown in

Fig. 16.8 this loss is expected to increase to 1,463 million € in 2071–2100. In

contrast, for central Hungary the 100-year loss was estimated to be around 1,365

million €, which remains approximately constant to 2071–2100. For a better

representation of the dynamics Table 16.1 illustrates the absolute changes for

each region.

The Tisza region is represented here by Northern Hungary, the Northern Great

Plain and Southern Great Plain, as well as part of Central Hungary. In Northern

Fig. 16.7 Recurrence interval (return period) of today’s 100-year flood (i.e. flood with a recur-

rence interval of 100 years during the period 1961–1990) at the end of the twenty first century

(2071–2100), in case of scenario SRES A1B (Source: Kundzewicz et al. (2010), based on results

from Hirabayashi et al. (2008))
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Hungary these estimates show a small increase in the losses for events with

moderate frequency, but, interestingly, there is a decrease in losses for the very

low probability (extreme) events. More drastic changes can be found for the

Northern Great Plain with nearly all return periods showing a high increase in

losses, especially for the very low probability events (the 500- and 1,000-year

events). While all return periods show higher losses in the future in the Southern

Great Plain, the increase of losses is less for low frequency events than for more

frequent ones.

Summarizing, there are large regional differences in flood loss patterns in the

future with an overall increase in absolute losses found in most regions. It should

be kept in mind that without incorporating land use and other global change

dimensions these results are only indicative. Still, without any decrease in exposure

or vulnerability, the situation in the future is estimated to be worse than today in

most of the cases. The next section takes a closer look at the changes from an

adaptation point of view.
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Fig. 16.8 Current and projected losses (2071–2100) for the 100-year event for the seven regional

districts in Hungary

Table 16.1 Differences in

losses (positive values

showing an increase in losses)

for different return periods

with and without climate

change for 2100 in million €
for the seven regions in

Hungary

Return period 50 100 250 500 1,000

Central Hungary �20 �4 0 0 0

Central Transdanubia 42 54 149 317 3,554

Western Transdanubia 0 0 0 0 0

Southern Transdanubia 0 0 0 1 1

Northern Hungary 45 36 �132 �213 �115

Northern Great Plain �4 215 880 2,176 4,143

Southern Great Plain 120 102 81 70 55
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16.4 Risk Management Against Increases in Losses

Disaster risk management consists of measures taken before, during and after the

disaster event to either reduce the extent of the hazard, exposure of the elements at

risk and/or vulnerability (Lindell and Perry 2004). These measures can usefully be

divided into risk-reduction (mitigation) instruments and risk-financing instruments.

The former, such as levees to protect against floods, reduces direct hazard impacts,

and the latter reduces the financial impacts. In addition, or alternatively, one can

invest in insurance and other types of risk-financing measures to assure that

sufficient resources are available after the event for timely relief and reconstruction.

This reduces indirect “downstream” losses.

The choice between how much should be invested in risk reduction versus risk

financing is not straightforward. Such a selection will depend primarily on the

occurrence probability of the hazard, the associated size of impacts, the costs and

benefits of both types of instruments, as well as on their interaction (see also Chap.

8). Risk-reduction measures against direct losses are usually more cost effective for

frequent events (say 10–100-year loss return period) with low to medium-sized

losses than for high impact/less frequent events. For lower impact events substantial

reduction in damage can typically be achieved at relatively little expenditure, but it

becomes increasingly costly to achieve further reductions in risk (Rescher 1983).

Concerning risk financing, risk bearers (individuals, businesses, governments)

are generally better able to finance lower consequence events from their own

means, including savings, reserve funds or credit arrangements. Risk financing is

thus generally more appropriate for medium sized to extreme losses (say 100- to

500-year loss events) to smoothen the variability of financial losses. Finally, some

events (say above the 500-year loss event) can be too costly to be reduced or

insured. Hence, outside assistance may be needed (e.g. from the government,

international financial institutions such as the World Bank, donations, etc.).

If investments in risk reduction are more cost effective for low-consequence

events, and investments in insurance more cost effective for high-consequence

events, how would this translate into flood adaptation measures? Below (Fig. 16.9)

we present an illustrative example of how a risk layering approach can provide

insights on adaptation investments in the Tisza and other Hungarian regions.

We consider two stylized loss functions: the mitigation function and the insur-

ance function. The consequence of these functions on the loss distribution can be

expressed as follows: If a damage variable Y is distributed according to the

distribution G, then the loss variable H(Y) is distributed according to the distribu-

tion function G(H-1(x)). We employ the stylized mitigation function M as

Mo;u(x) ¼
0 if x � o
u(x� o)/(u� oÞ if o � x � u
x if x � u

8
<

:

Here “o” (the lower value) and “u” (the upper value) are parameters. The

mitigation measure has the effect that hypothetical damage (i.e. without mitiga-

tion) smaller than the lower value “o” does not lead to financial loss. Hypothetical
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damages larger than the upper value “u” are too large to be mitigated and lead to

full damage. In between, the function is linear.

As discussed, we assume that mitigation is more appropriate for smaller

damages, and, in contrast, insurance more appropriate/feasible for large damages.

We use here the function of a proportional excess of loss (XL-) insurance arrange-

ment (often used for extremes, see also Chap. 8) with (monetary) attachment point

“a”, exit point “e” and proportionality factor “p”, i.e. the insurer pays a proportion

of losses starting from the attachment point till to the exit point. The stylized

insurance function I is given by

Ia;e;p(x) ¼
0

aþ (x� a)(e� a)/b

x� ðe� (aþ bÞÞ

8
><

>:

if x � a

a< x< e

if x � e

with b ¼ (e� aÞð1� pÞ

As an illustrative example, in the top of Fig. 16.10 the dotted line is a mitigation

function (with o ¼ 3,000 and u ¼ 6,000) whereas at the bottom of Fig. 16.10 the

dotted line is an insurance function (with a ¼ 6,000, e ¼ 10,000 and p ¼ 0.5).2

2 The numbers chosen are only indicative and do not represent any “real” mitigation and insurance

measure as this would need a comprehensive analysis on the very local level over all the regions

which was not possible to perform due to data constraints. Hence, while the results may change

using different numbers the approach would be still valid.

Fig. 16.9 Efficiency of risk management instruments and occurrence probability (Source:

Mechler et al. 2009)
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Let F be today’s damage distribution and G be the future damage distribution.

The question we address is: which cost effective measures (mitigation and/or

insurance) are needed so that the future distribution G is at most as risky as

distribution F? It is important to be specific about what “riskiness” means, and

we apply a conservative criterion, namely first order stochastic dominance (FSS),

i.e. we want to have G(x) � F(x) for all x, so that all decision makers (with

Fig. 16.10 Example of mitigation function (top) and insurance function (bottom)
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decreasing utility functions, i.e., the less the losses the better) would see the

(adapted) future distribution G as less risky compared to F. In other words, our

question can be stated as: what measures have to be used to decrease the numbers in

Table 16.1 to zero (or smaller) with minimum costs? Hence, the optimization

problem can be stated as

cost(o,u,G)þ cost(a,e,p,Mo;u � GÞ ! Min
Ia;e;p �Mo;u � G �

FSS
F

o; u; a; e; p � 0

As the optimization problem indicates, we first use mitigation to the necessary

extent, afterwards we use this new distribution (Mo;u � G ) for determining the

necessary insurance parameters to achieve FSS.

Costs for each measure are determined from Mechler (2004) and MMC (2005),

where cost-benefit ratios for flood defense measures were found to range from 1.5

till 4. Conservatively, we set the ratio to be 2, i.e., 1 € spent on mitigation yields 2 €
in terms of mean reduction of losses in the selected range. To calculate the risk-

adjusted insurance premium for a given insurance contract Ia;e;pwe use loading

factors (called ‘h’) for different quantiles of the distribution F (see Hochrainer

2006) and calculate the premiums as

pðIa;e;p;FÞ ¼
Z 1

0

I(y)h(F(y))dF(y)

The loading factors for each quantile interval are given in Table 16.2.

As an example of the results, we focus now on the Northern Great Plain which

shows large increases in losses due to flood events in the future (see Table 16.1). As

Fig. 16.11 indicates these increases correspond to a shift of the loss distribution to

the right.

As there are increases not only in extreme events but also in more frequent ones,

a combination of mitigation and insurance is necessary to shift the future distribu-

tion back to the current distribution (due to the mitigation model used, there is a

decrease in risk at lower layers). To achieve this most cost efficiently, mitigation

Table 16.2 Loading factors

and corresponding

p-quantiles. Based on

Hochrainer 2006

Layer (Quantile) Loading Factor

[0.000 0.850) 1.13

[0.850 0.947) 1.57

[0.947 0.965) 1.89

[0.965 0.975) 2.32

[0.975 0.985) 3.27

[0.985 0.992) 4.88

[0.992 0.993) 5.43

[0.993 0.996) 8.75

[0.996 1.000) 10.0
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parameters “o” and “u” are 600 and 3,000 (million €), respectively, with

corresponding costs of around 13.85 million €. Furthermore, for insurance the

attachment level will be 1,000 and the exit point 5,500 with a proportional factor

of 0.7. Already indicated through the loading factors, insurance is much more

expensive with annual costs to be 170 million €. Table 16.3 shows the parameters

calculated for each important region (i.e., where losses increase) and the

corresponding costs for mitigation and insurance.

According to our calculations Northern Hungary will be advised to invest in

mitigation to tackle the increases in the more frequent losses, while the Southern

Great Plain should consider employing both mitigation and insurance instruments.

These are less costly due to the absolute smaller increase in risk compared to the

Northern Great Plain.

Fig. 16.11 Northern Great Plain: loss distributions for today and in the future (with and without

adaptation)

Table 16.3 Mitigation and insurance parameters estimated for selected regions in Hungary

Parameters Costs(million €)

o u a e Prop Mitig. Ins.

Northern Great Plain 600 3,000 1,000 5,500 0.7 13.85 170

Central Transdanubia 200 3,000 1,000 5,500 0.9 5.86 76

Northern Hungary 70 3,000 0 0 0 2.04 0

Southern Great Plain 200 2,000 1,000 5,500 0.3 4.41 83
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Summarizing, this illustrative example demonstrates the value of a risk layered

approach in considering adaptation measures as they are differentiated between risk

reduction and insurance. While the results are only indicative, the methodology

shows how quantitative modeling approaches can be useful for analyzing pre-

disaster risk management options.

16.5 Conclusion

This chapter presented current and future direct flood loss estimates for Hungary

and the Tisza region based on a risk modelling approach (CATSIM, Chap. 8). It was

found that the Northern Great Plain, in particular, as well as the Southern Great Plain,

have larger estimated losses for 2071–2100 (assuming equivalent vulnerability and

exposure as today). We demonstrated how a risk layering approach that distinguishes

between more frequent and less frequent impacts provides insights on two key risk

management strategies: risk reduction and risk transfer.

Several limitations of the study, most of them data related, reduce its applicabil-

ity. The analysis did not include land-use and demographic dynamics, nor did it

account for changes in vulnerability. It also did not take into account of lives lost

from flood events. Furthermore, it would be important to examine different

scenarios when investigating the impacts of climate change. While the necessary

data will likely not be forthcoming in the near future, there is value in examining

risk-management issues from this broad-brush perspective. The results can provide

insights on adaptation strategies that are robust under changing future conditions

and given budget constraints.
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Linnerooth-Bayer J, Quijano-Evans S, Löfstedt R, Elahi S (2001) The uninsured elements of

natural catastrophic losses: seven case studies of earthquake and flood disasters, summary

report. Project funded by the UK Tsunami fund, IIASA, Laxenburg, Austria

Lugeri N, Lavalle C, Hochrainer S, Bindi M, Moriondo M (2009) An assessment of weather-

related risks in Europe. A.2.1. Final deliverable. ADAM, Brussels, Belgium

Lugeri N, Kundzewicz ZB, Genovese E, Hochrainer S, Radziejewski M (2010) River flood risk

and adaptation in Europe – assessment of the present status. Mitig Adapt Strat Glob Change 15

(7):621–640

Mechler R (2004) Natural disaster risk management and financing disaster losses in developing

countries. Verlag Versicherungswirtschaft GmbH, Karlsruhe

Mechler R, Hochrainer S, Pflug G, Lotsch A, Williges K (2009) Assessing the financial vulnera-

bility to climate-related natural hazards. Policy research working paper. 5232, World Bank,

Washington, DC

MMC (2005) Natural hazard mitigation saves: an independent study to assess the future savings

from mitigation activities, vol 2, Study documentation. Multihazard Mitigation Council,

Washington, DC

Parry ML, Canziani OF, Palutikof JP, van der Linden PJ, Hanson CE (eds) (2007) Climate change

2007: impacts adaptation and vulnerability. Contribution of working group II to the fourth

assessment report of the intergovernmental panel of climate change. Cambridge University

Press, Cambridge

Pflug G, RömischW (2007) Modelling, measuring and managing risk. World Scientific, Singapore

Rescher N (1983) Risk: a philosophical introduction to the theory of risk evaluation and manage-

ment. University Press of America, Washington, DC

16 Flood Risk in a Changing Climate: A Multilevel Approach for Risk Management 279

http://www.ipcc.ch/pdf/special-reports/spm/sres-en.pdf
http://www.ipcc.ch/pdf/special-reports/spm/sres-en.pdf


Index

A

Actuarial (analysis, approach), 14, 16, 26,

32–33, 36, 45, 54, 55

Adaptive (capacity, management, measure,

process), 81, 100, 129, 172, 182, 246

Monte Carlo Optimization (see Monte

Carlo simulation)

Agriculture, agricultural (activity, damage,

exposure), 59, 74, 82, 150–151,

163–164, 166, 167, 173–174, 176,

191–193, 200

Aid (governmental, external, foreign), 63, 69,

86, 96, 108–109, 120, 125, 126, 133,

137, 149, 160, 166, 207, 211.

See also Financial aid

Aleatory uncertainty, 10, 15–17, 26

Attachment point, layer (for risk transfer),

23, 127, 137, 274, 277

B

Bac Hung Hai polder, region, 11, 53–54, 59, 63

Basin (retention, detention), 10, 13, 17, 19, 21,

24, 26, 27, 174

River (see Tisza river; Vienna river)
Bereg, 172, 176, 181, 184–196, 220

Biodiversity, 9, 122, 174, 183, 200
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