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1. INTRODUCTION

It seems that disasters of various scales are haegoan inevitable part of modern
societies. Such calamities as typhoons, vast azies and strong tsunamis are taking
place all over the world, endangering the livep@dple and their possessions. Indeed, a
disaster can be considered a disaster if a natur@lanmade hazard is coming in touch
with, and is devastating, human, cultural and endo@ssets. As an example of major
events we may mention the recent earthquake amansguof 26 December 2004 in
Asia, the hurricanes Katrina and Rita in the UniBdtes (Autumn 2005) and the vast
earthquake in Pakistan (October 2005).

A wide range of effects can occur, such as losifef psychological traumas;
devastation of property and assets, both resideatial business-related causing
deterioration of welfare; curtailment of human wtiees caused by failure of public
services; interruption of business and productiotiviies; damage to historical and
cultural heritage; decay to pastures and arabld; laestruction of environmental
conditions, ecological imbalances, and so forthis limportant to note here that the
nature and the extent of the impact of natural ftszan human society do not depend
solely on the hazard, rather, on the charactesigtica system under attack, like its
preparedness and the ability to react to an adyefidis makes a study of the impact of
natural disasters essentially a multidisciplindfgre. Yet, in this contribution, we shall
concentrate on only one perspective, namely thena@o@ ‘narrative’ behind a
calamity, refraining from many other aspects. Hogrewe should be aware that
influences from other fields make themselves felthe economic sphere; occasionally
we shall encounter them.

We start this paper with addressing global dynarofcslimate change as one of
the pressing issues in connection to extreme weathents (section 2). Next, we shall
present an overview of economic damage with iteptual underpinnings, as well as
modelling efforts from the Netherlands and the nmé¢ional arena (section 3). That
overview will cover what would often be referreda® ‘material damage’. We shall also
provide some insight into the ‘immaterial damagesariated with hazards, in particular
connected to the value of statistical life (VOSh)flood safety in the Netherlands
(section 5). Not much expertise is found in thikesp; building on the estimations of
VOSL in transport, we shall outline some challengsswell as opportunities for this
type of study. It will be preceded by a brief dgstton of the Dutch water management
and flood protection specifics (section 4).



2! CLIMATE CHANGE: GLOBAL CHALLENGESAND LocAL CONSEQUENCES

Disasters are particularly dangerous because treeylificult to predict. Currently, a
number of challenges can be identified that magxjeected to contribute to the (more
frequent) emergence of calamities (MunichRe, 20@8)e of the broadly recognised
dangers at the moment is climate change, posingi@ual pressure on the development
of the entire global economy. We shall look at wineé could mean for industrialised
societies in particular.

The last decades have shown growing awarenessedndieasing concentrations
of ‘greenhouse’ gases in the atmosphere, whichoalieved to cause climate change.
This is currently identified as global average wiaign(as pointed out by some experts,
see the report of the International Panel for Clentahange, IPCC, 2001, p.72), and is
identified by the increase in the number and se&vesf extreme weather events,
increased precipitation and the sea level rise (Nalst, 2006). Following US National
Research Council (2002, p.1) “Abrupt climate changere especially common when
the climate system was being forced to change napgdly. Thus, greenhouse warming
and other human alterations of the earth system inagase the possibility of large,
abrupt, and unwelcome regional or global climatiergs.” This means that nowadays,
when global environment is changing rapidly, it mag the reason why the world
experiences the revelation of extreme hazards, hwhidas rarely seen before. As
apparent from different sources (IPCC, 2001; WuMitdlife Foundation, WWF, 2004,
US National Academy of Sciences, 20G8, ceterd this trend is increasing. The
consequences of this are virtually unpredictabléhddigh we can assume that man can
hardly influence the probability of a hazard, itbiscoming widely acknowledged that
unscheduled extreme natural events will form padur future. For example, following
Penning—Rowsell and Peerbolte (1994, p.9), andantly also Van Aalst (2006, p.12),
the potential for large-scale flooding exists allep Europe (see also other recent
publications supporting these developments, lika Vand Jansen, 2006; Stern 2006
and IPCC, 2007). Therefore, we have to take thepswed into account when thinking
about development trajectories (the argument is sigpported by Benson and Twigg,
2004, and Hungarian Academy of Sciences, 2004ntifgeng climate change and its
effects as potential part of catastrophe emergerehanism necessitates admitting that
we are in fact forced to adafat living in the world where hazards have hightdegive
potential. Schipper and Pelling (2006, p.30) pmat that “the scholarly realms of
disaster risk and climate change are also startimgerge”. O’Brieret al. (2006, p.64)
make an important observation:

“Disaster policy response to climate change is ddpet on a number of

factors, such as readiness to accept the realitlirnfte change, institutions

and capacity, as well as willingness to embed ¢knchange risk assessment

and management in development strategies. Thesktions do not yet exist
universally. A focus that neglects to enhance a@paailding and resilience



as a prerequisite for managing climate change wvisksin all likelihood, do
little to reduce vulnerability to those risks”.

This in fact can be seen as a suggestion to conhedssue of climate change with a
more general framework of hazard management ailteneg-building. Such a view is
supported by Van Aalst (2006, p.5), who points thait challenges posed by climate
change can not be managed separately from a broad&xt of development: “...the
additional risks due to climate change should moabalysed or treated in isolation, but
instead integrated into broader efforts to redineerisk of natural disasters.” We may
ultimately notice that not only evaluations of ditea consequences themselves, but also
a wider range of goals, such as studying resilienoatingency planning as well as
designing development trajectories connected tonatk change depend on the
theoretical grounds of disaster analysis. In thd sections, we shall continue with the
flood management policy in the Netherlands, pomtet the need for studies in
particular directed at modelling economic damageemoal, and at exploring measures
of flood risk reduction.

3. EconoMIc DAMAGE: CONCEPTUAL AND MODELLING | SSUES

Among a variety of consequences a disaster may lafoout, damage in general is a
measurable category, and represents a quantificabib society’s vulnerability.
Economic damage in particular occupies a speciateplin disaster consequence
assessments, which bring about a whole gamut ofetprences. In table 1 below
(adapted from Kolet al, forthcoming) we provide a classification of \ars types of
damages characterising flood events, based onphieak distinction between direct
damages inside the flooded area and indirect dasntige occur outside the flooded
area (see also the discussion on the types of desmagjow). Another distinction is
made between material damages that are tangiblecamde priced; and immaterial
damages, for which no markets exist.

! We should provide some clarification here. Esséigtithe study of hazards can be described by the
notions of vulnerability, resilience and adaptapijliwhich have recently become a topic of particula
interest and wide debate in scholarly research.haie to stress that these notions were gained from
other social and natural disciplines; this requithdt they also had to be given a context-specific
interpretation when used in disaster analysis. \Weggsst interpreting economieulnerability (to a
hazard) in terms of a measure to incur damage. d&fomresilienceis then the ability (of the system) to
cope with a disturbance, adjusting to the new orstances and conditions and maintaining its vital
functions. Adaptability, in turn, is seen as the ability of the systenptepare for potential hazards,
thereby aimed at decreasing its vulnerability amgroving its resilience capacity. The differencehwi
the widely usednitigation strategies is that, contrary to adaptation (whéchimed at the system under
attack), mitigation is seen as the entirety ofteggees, aimed at preventing or limiting the advgrdin
connection with sustainability notions (broadly interpreted), adaptability andsilrence-theory
applications could yield their best potential —réi®/ obtaining a certain normative contents. In the
context of changing natural environment under thesgure of climate change, modern complex
economic networks seem to be less predictablegrimg of both their vulnerability and resilienceao
major hazard. In-depth studies of such systemsaegled to gain insight into the processes behind a
disaster.



Material Immaterial

* Residences * Fatalities
e Capital assets and inventories e Injuries
» Business interruption (inside the « Discomfort

flooded area)

g | Roads; utility and communication
= infrastructure
Q |« Agricultural land and cattle
* Vehicles
» Assets of historical and cultural value
« Damages to the nature and the
environment
e Production interruptions for businesses Societal disruption
outside the flooded area »  Psychological traumas
» (Temporary) substitution of e Loss of trust in public authorities
3 production and consumption outside
= the flooded area
c

» Evacuation and rescue operations
» Reconstruction of (flood) defences
» Temporary housing for evacuees
e Clean up costs

Table 1. Dimensions of flood damag&sapted from Jonkmaat al, forthcoming).

The purpose of aa-priori assessment of economic damage is gaining insigt i
the damage potential that a hazard may bring, dsaswexploring the options that are
open for mitigation and adaptation measures. & $biction, we shall touch upon some
of the crucial conceptual and modelling aspecta péart of ‘material damage’ category,
economic damages that include business interrupod production losses for
companies outside the flooded afedle shall return to the discussion of immaterial
damages in the next sections.

3.1. The Concept of Damage

The concept of (economic) damage remains one of ndost controversial and
multifaceted terms in hazard analysis; one rarelgsf the same definition of damage in
publications from different sources, such as awhamsearch institutes, or government
agencies. Current attempts at studying calamityseguences are highly diversified;
varying by country, type of (natural) hazard, mdidgltype or purpose. This means that
a set ofcommonlyaccepted concepts used in disaster research amdidfinitions are
still missing. Loss definition suffers from the fahat in various studies the delimitation
of the various categories of loss is unclear. U&gistudies use notions such as direct,

2 We know, that in the Netherlands approaches éa@sising on estimating physical damages (Vrisou
van Eck and Kok, 2001), environmental damages (®tugl, 2003), loss of life (Jonkman and Kelman,
2005; Jonkman, 2007), public health impacts (Ateral, 2005) and economic impacts (Van der Vetn
al., 2003, 2004; and Steengs,al, 2007).



indirect, primary, secondary, induced damage; kaely in the literature we notice a
trend in the use of damage concepts towards theecgance to the direct-indirect loss
distinction. Here, two main approaches can berdjsished. Some authors support the
division of costs based on the spatial criterioa.(iall losses attributable to the affected
area are direct, losses incurred elsewhere areectlli or based on the stock-flow
differential (all physical damage is stock, and sidared direct; all losses associated
with production curtailment, whether within or ades the affected area, measured as
flow, are indirect). In this, however, each scishis free to choose.

Estimation of damage, however, requires some gaulids important to realise
that some of the physically damaged assets, likehmary and equipment, are involved
in the production of goods and services in an eson@nd thus are (indirectly) part of
a complex economic network of production and corgion flows. Essentially, such
direct damages would give rise to the interruptadnoutput flow in the damaged
facilities themselves (sometimes referred to asiness interruption), but also
disruptions in the business supply-demand chains dagger scale, like regional or
even national economy. This way, all businessetswibald suffer losses because their
suppliers or customers are not there anymore, ima@ilir indirect damages. Disaster
consequences and therefore damage in the indisstdadociety are directly connected
to the complexity of the economic system underc&tt®ue to high interconnectedness
of various elements within a system, any direct agenwould most likely imply a
relatively high extent of indirect damage. Becairs¢he contemporary world system
constituents depend on the array of conditionsthadtate of other constituents, major
calamities are likely to resonate far beyond thedérs of their direct impact through a
complex circle of indirect chain effects.

So, while convergence seems to emerge among sighaldhors in distinguishing
two main elements of damage, direct and indireGces, many discrepancies still
appear on the operationalisation and applicatimel$ée The difficulties experienced
usually are fourfold. Firstlythere is no agreement on the economic pointepédure;
financial appraisals are mixed with economic castdfit analyses (CBA). Where a
financial appraisal is often the basis for invesiigg the sum of money to be recovered
from insurance companies, CBA is a helpful meansiégh alternative measures to
prevent or to prepare for a calamity. When the tar@ used simultaneously,
methodologically inconsistencies may well be theults.

Secondly there is confusion on the temporal and spatialesc While financial
appraisal limits itself to a single organisatioikela company or sometimes a state;
economic analysis can be carried out at multipktiapscales, ranging from local to
regional, national or global. Here, choices havkedanade. Also, it is important to have

% The role of adaptation in this situation is to imiise direct losses, decreasing economic system’s
vulnerability; and through resilience to neutralisdirect losses, adjusting in the face of a devast



a well-defined temporal scale of analysis as, edpanthe time span beyond the
immediate calamity aftermath, multiple indirectesffs would reveal themselves, as
well as adjustment of a system to new circumstamtdsrms of changes in relative
prices and in consumption or production requiremeaspecially for major adversities,
such indirect (both positive and negative) effeas appear on a grand scale, and have
to be carefully considered. In principle, therenésgeneral convention in the literature
on the optimal or appropriate scale to be adop¥ed, the choice of temporal and
spatial scales for a particular study should appbrde made in agreement with the
purpose of the inquiry, followed by the choice loé appropriate theoretical framework
(more on that can be found in Messateal, 2007).

Thirdly, there is the issue of double counting. It oftppears due to the confusion
between stock concepts and flow concepts. We Vaitifg briefly. When conducting an
economic appraisal of damage incurred within amenuoc system, it is important to
make the essential distinction between two measpiresset value: stocks and flows.
While stocks reflect quantity measured at a givemtpin time, flows reflect quantity
per unit of time. Usually, stocks and flows areatetl. That is, stock is often considered
as an accumulation of flows, and flows represeatctiange in stock (in a given period
of time). Because stocks are often generated lysflon economic theory it is generally
accepted that a stock value of an asset equalslisiceunted value of future flows,
generated by this asset. This has direct implinatifor the accounting of business
interruption as a result of property loss. Econ@ihycspeaking, one of the manners of
thinking about the value of machinery or equipmesed in the production of goods is
actually considering the present value of all tlwds the machine will expectedly
produce during its lifetime. In terms of assesdigaster-imposed damage, this means
that one can include either the market value dfdgsipment (which is essentialiyock
based), or evaluate the expectiav of output that will not be produced because the
machine is lost. Consequently, including both messgan not be done, because they
both represent the same value of a single asss#tbdks are counted together with flows
(for the same asset), one should guard againstelcohbnting (MAFF, 1999; Messner
et al, 2007). Thus, depending on the type of loss, stwdlow concepts can be applied
(for example, it is more appropriate to measurg@rty damages as a loss of stock,
while it is more appropriate to measure businesrimption in terms of losses of flow).
To keep the appraisal consistent, as pointed ouhenliterature, it is essential to
measure each loss category either in terms oftosk, or in terms of lost flow, but not
both.

The other possible source of double counting isaating for both loss of income
and expenditure. Although this aspect does not cgmeften in the studies, we find it
important to address this possibility as well. Gacle (found in National Research
Council, 1992, p.101, also cited by Chang, 1998)yipes a thorough explanation on
this account:



“...the level of economic activity can be measuredbynting expenditures,

or incomes, but not both. Income [...] must be edeiviato value of the

products produced. This is because the price ofodyat reflects all the

costs incurred in its creation, which in this cesthe sum of wages, interest,
and profits. This simple result provides an impotrf@ss-accounting guide:
damage assessment should focus on incomes logendisg lost, but not

both. Either should yield the same result.”

This statement should be borne in mind by reseasgberforming financial, as well as
economic appraisals.

Finally, there is a multiplicity of parties that have ak& in damage estimation,
like governments, insurers and their associatimgsurers and government insurance
regulators, private businesses, industry repreSeesa individuals, academic
researchers and experts; and each is interesge@pecific damage aspect. The various
purposes and destinations that damage assessmesg aee an obstruction to the wide
cross-study comparisons.

3.2. Discussion of Literature on Damage M odelling

In this section, we shall discuss methods and nsodelw being used in disaster
consequence analysis for modern economies. In aetare equally interested in the
discussion of the methodologies for the study ahemic inferences connected as to
minor, as to major calamities (we shall returnhis point later in this section). We offer
a brief overview of the selection of authors cdmiting to the field with studies on the
economic impacts of disasters on contemporary BesieWe signal a missing

convergence in the scholarly disaster communityceoring methodological issues of
disaster analysis.

‘\*[odelhng: Modelling of

flood probabi - Modelling of indirect Valuation of
lities based on physical economic economic
hydrological and COnsequences consequences consequences
engineering

models

Figure 1. Damage modelling scheme.

In figure 1 above a conceptual scheme is presemteeke it is shown how various
assessments of damage are connected. The schesistcai four blocks; the grey
areas between the blocks symbolise the overlapgh@fapproaches. The first block,
modelling of flood probabilities with the combinai of hydrological and engineering
approaches, reflects the modelling expertise on ‘gigsical’ side of the flood



phenomena and is found in the domain of exact segrAt this stage, flood probability
and extent are modelled based on the geographiaeshcteristics of the area, combined
with the knowledge about its protective infrastuset (like dikes, levees or locks), see
for example Asselman and Heynert (2003). This staggy be seen as the point of
departure that provides basic input informationflood characteristics for any other
model exploring the consequences of the hazarakBlgo stands for modelling direct
damages that result from the direct interactiomaihazard, and may in general include
various models ranging from the assessment of palysiamages to the built
infrastructure and various types of assets (Vrisam Eck and Kok, 2001); to
environmental pollution (Stuygt al, 2003); or the number of fatalities (Jonkman and
Kelman, 2005; Jonkman, 2007), see also table fidarage classification. Next, block
three represents models that take a wider sparom$ecuences of a calamity into
account, i.e. what we refer to as higher-order céffeincluding indirect economic
effects of disturbances of the circular flow withanbigger area, like a province or a
country; macro-economic effects of a calamity oa libnger-term budgetary planning
and investments in hazard prevention (on both o€kvtve will follow in the remainder
of this section), and so on. Such models oftenthseresults of the models from the
blocks one and two as input information in thesessments. For example, the data on
the extent of flood and the value of direct damagesconomic assets are necessary for
the modelling and analysis of indirect (econom@inéges in a broader context. Finally,
valuation approaches comprising block four areaes that are attempting to establish
values for immaterial damages using various meth{odswhich we shall follow in
section 5). Also here the background information the flood probability and
characteristics remains an important input.

In this section, we shall pay attention in partéuib the models from block three
in figure 1, discussing selected literature on rimaéional expertise in modelling of
economic damage, followed by the Dutch modellingreises available by now. In the
international arena, the topic of a methodology lidgawith economic disaster
consequence estimation remains a continuous sufgje@xpert as well as scholarly
debate. For example, the international (IMF and [d/8ank) and national bodies (like
responsible national Ministries or agencies) inedlvin disaster protection and
preparedness are sometimes the same ones probidiag guidelines or frameworks
for broad damage estimation, although they rarélgraa model (see, MAFF, 1999;
BTRE, 2001; ECLAC, 2003; Benson and Clay, 2004)cManodels offered by IIASA
(Freemaret al, 2004; Mechler, 2004 and 2006; Linnerooth-Bayeechler and Pflug,
2005) are much more tangible and usable. Howebheset mostly deal with macro-
effects and risk financing in and for developingiewies, which provides a different
focus than the one we are studying here.

Typically, in disaster economic modelling amongdesaic scholars, one can see
that opinions are divided on the use of modelspties most frequently used are Input-



Output based approaches and CGE approaches. Rakecadleagues use both

frameworks and offer extensive methodological aot®uFor example, Rose and
Benavides (1998) and Rose and Liao (2005) providanaut-output analysis of a

lifeline breakdown and its effects on the disruptad production activities. At the same
time, Rose (1995, 2004b), and Rose and Lim (200@Yige methodological insight

into economic disaster modelling and challenge®aated with this. Furthermore,

Rose (2004a, 2006), Rose and Liao (2005) chooseomzentrate on the issue of
economic resilience in a disaster context anduangfication with the help of a CGE

modelling. Ultimately, Rose and colleagues clairat tanalysis of large-scale disaster
phenomena is essentially different from the ‘usuaddelling based on equilibrium with

distortions at the margin. Rather, modelling of onagalamities and economy’s

response to those, which often mark a break inegtablished development path,
requires that regular models are adjusted to bstidrthe purposes of major shock
analysis. Such an approach to catastrophes, wlegnaite seen as discontinuities, to
which marginal analysis principles are not stréigtardly applicable anymore, is also
supported by Steenge anddRarjova (2007).

There is a whole range of authors who favour thmitioutput approaches as a
leading modelling framework. The approach of Coobkrd1997a,b and 2004) and
HAZUS (FEMA, 2001), for example, are based on malaiting an input-output table
to account for disaster losses, after which bataptakes place by adjusting inventories,
imports, exports and existing substitution capawiityhin sectors to take over part of the
lost production. Although this is an attractive hisamodule, the approach seems to be
less transparent and is in a sense ad-hoc, wherepportunities for rebalancing are
determined by the user. Cole and colleagues (A&868, 2004b; Cole, Pantoja and
Razak, 1993) offer several works based on the i{optgut approach and social
accounting matrices (SAMs), presenting the possédslfor analysis, by means of what
they call an event accounting matrix, the EAM. H&M, an innovative element that
captures the essence of post-disaster disordelatardrecovery planning, is a concept
which has not yet reached its definitive shape whith is an excellent departure point
for further research. In his later studies, (Cal@03, 2004a) extends his modelling to an
insurance accounting matrix approach, introducirggetion investments as a ‘buffer’
for an economy to be used when disaster strikes.

Furthermore, Santos and Haimes (2004) offer theafled inoperability input-
output model for analysing the repercussions d@reotist attack, although they do not
include disequilibrium modelling. Finally, Okuyam@&004) and Okuyama, Hewings
and Sonis (2004) provide a time-adjusted inputdoutpased sequential interindustry
model, the SIM. The advancement of the model ifte &nalysis of production
chronology and recovery planning are worth notimgt, the disequilibrium stage as a
starting point for recovery modelling is not explicreflected upon.
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There is also some Dutch modelling experience alkglto conduct flood damage
assessments. Historically, much knowledge was agfaied in the Netherlands within
the scope of physical damage evaluation and predijcas the field was dominated by
civil engineering advances and expertise. Howeuatil recently, little was known
about the economic repercussions of a major flapdinthe country. Probably the first
effort to arrive at an integrated assessment ofadg@mwas the so-called ‘standard
method’ (Vrisou van Eck, Kok and Vrouwenvelder, 298nd Vrisou van Eck and Kok,
2001), which was recently upgraded in one of theegament reports “Flood Risks in
the Netherlands” (see MTP, 2005b). However, thehowtdoes not have a profound
indirect loss estimation module, and it presumablplves double counting of losses
for businesses (based on the distinction betwestkstand flows as we discussed in
section 3.1). Two later reports from NEI and TelofBrieneet al, 2003; Van den
Berg et al, 2000) include a better description of the indireffects of a potential
flooding, which is estimated based on the inpupatutmultipliers, adjusted for
substitution effects between and within the sectbrgthermore, Eijgenraam (2005)
suggests a model to support economic decision-rgdkinthe problem of investing in
protective dike improvements. Here, the authorgaké account the amount of direct
and indirect effects of potential flooding, to pide the optimal level of protection, but
the economic damage is borrowed from High Wateormftion System, HIS(see
Meulepas and De Klerk, 2004; MTP, 2005a), whichnigurn based on the standard
method. All these works are characterised by mianat meso-approaches, based on the
calculations per dike ring.

On the meso-macro level, the team of the Erasmuseksity of Rotterdam (Van
Ast, Bouma and Francois, 2004) has developed Vilegtrefer to as the risk assessment
approach, where attention is paid to the methodocdbgside of the problem.
Furthermore, the work of the Twente group resuited number of project reports and
publications. Van der Veeet al (2001) instigated the discussion on the sociatdl a
economic effects of large-scale calamities on tit@nal level, stressing the importance
of a theoretically sound approach. Delft Clustgrorés then followed (Van der Veen
and Logtmeijer, 2003; Van der Veat al, 2003a,b), explicitly focusing on indirect
economic damage methodology and mapping of impbdgaanomic activities. Later,
the methodological developments in the disastelysisaof disruption, recovery and
policy were continued, offering the building blodks a three-step procedure within an
input-output framework (Btkarjova, Steenge and Van der Veen, 2004b and 2007).
Inferences in the economic hotspot determinatiahraapping can be found in Van der

* The High-water Information System in the Nethedkis designed to monitor flood defences, to priesen
inundation and loss calculations, providing infotima about high water developments in the primary
dike system to professionals and policy-makers.eB&d\stakeholder organisations are involved, with a
central role for the Ministry of Transport, Pubiiéorks and Water Management (MTP).
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Veen and Logtmeijer (2005). However, the debatéhenapproach most suited to the
Dutch situation and flooding disasters is openfamnither advances are being made.

In the next section we shall look closer at thaenirdevelopments in the Dutch
water and flood management system, which will peelthe discussion around the
possibilities to estimate the value of statistidalfor flood safety.

4. THE SPECIFICITY OF DUTCH SITUATION WITH REGARD TO WATER
MANAGEMENT AND FLOOD PROTECTION

It has been noticed (see for example Mitchell, 283t flooding threats are becoming
a matter of increased concern in Europe. Mitchatimuishes a number of driving
forces behind these developments embedded in a ndamiconsumer-oriented
economy, which in fact also contributes to the @ased risks of flooding. Among
others, he is mentioning such factors as the mowmené exporting industry to
waterside locations; the phenomenon of North totlsandustrial migration; shift
towards transportation infrastructure, watersheotgation and water supply, nature
conservation, and recreation as more importandfitaon land uses than traditionally
dominant agriculture; landscapes and ecosystemb#tame extensively modified by
humans; growing urbanisation, and others. Mitchelices that these processes are in
particular characteristic of Europe, and are evemenintensified by the decreasing
willingness of European nations to tolerate flooasposing high flood-protection
standards, probably pioneered by the Netherlandshwdeems to become a ‘zero-risk’
society (see also Tokt al, 2003, p.579). These developments together with th
pressures posed by the ongoing climate change afissessed in section 2, as never
before, point at the need for thorough researcploeixg the damage potential in the
areas at risk, weighed against preventive measbetscan be taken to provide better
protection to such flood-prone areas to suppoitpand action.

One of the important issues observed in Dutch watanagement and policy
signal recently is a shift in thinking about flotltkeats. For centuries, both sea and
rivers have continuously been a source of dangee. Delta Plan, which came into
being after the disastrous 1953 flood, has for desaet the stage for flood protection
in the Netherlands. This was based on the condepeny strong primary defences,
organized to withstand extreme water levels. Ferlilghly developed and populated
central part of the Netherlands, this amounted tthance of a flood up to once per
10.000 years. We can notice that this permittegextacular economic growth in the
provinces below sea level, which ultimately made ¢buntry a world player on many
markets. However, the discrepancy between the itefimal dike overtopping
probability, and the alarmingly increasing expedieskes resulting in a high and ever
growing risk of flooding (we shall clarify shortlydlemand a different type of approach.
It means that the country has to prepare itselffditure challenges connected to the
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rising risk, in this context finding a balance between expkpi®bability and potential
losses, and growth and development agendas.

These recent changes in the view on water managaméme Netherlands have
led to a change of approach from one based on bildpato one based on risk
assessment. Risk, in turn, is the concept including interaction between the
probability of an event to happen (like a majotlong) and the consequences that this
event may bring about. In other words, risk is pheduct of probability and the effects
of the expected calamity. Adopting a risk managdnsgproach in fact requires a
framework that takes the multifaceted effect sifla disaster explicitly into account. At
the same time, there is a need for the assessiht@ potential economic (material and
immaterial) damage that a flood may cause. If takeboard, this new initiative may in
the long run lead to direct implications, like evemore differentiated protection
standards (see for example Duits, 2007) or impbaat for spatial planning and
physical asset and population re-distribution i@ libng run, accompanied by a further
chain of reactions throughout various facets otemporary society.

A wealth of issues surrounds the spatial dimendirst, many of the issues on
today’s agenda are a consequence of how Dutchabg#iticture has developed. The
country is basically a patchwork of interconnecpediders, which each has different
characteristics such as population, economic vane different safety standards. Some
figures on the potential damage per dike ring callicstrate further the differences
between the units of protected areas (from Flamort (MTP, 2005c) on flood risks
and safety in the Netherlands, providing maximumeddi physical damages) which
range from €160miIn for Terschelling (an island wiimited amount of economic
activity located there) to €290 bin for Zuid-Holthn(one of the western coastal
provinces with high concentrations of inhabitant&l @&conomic assets). Taking into
account the varying protection standards, expegéadly damages (i.e., risk) are €0,1
min for Terschelling; €116 min for the provincesafid Holland and Noord Holland;
and almost €200 min for Land van Heusden/De Madskad Betuwe, Tielerand
Culemborgerwaarden. Number of expected victims fd@ding varied greatly by dike
ring, depending on the assumptions about floodattaristics and evacuation capacity;
for example, in Noordoostpolder are estimated ty batween 5 and 1400, and in Zuid
Holland — between 30 and 6100 (see MTP, 2005c 808,2as well as Jonkman, 2007
for more detail concerning methodology for theraation of the number of fatalities).
Expected yearly number of flood victims are estedaat 0,042 for Noordoostpolder;
0,28 for Zuid Holland, and 1,31 for Land van Heus®= Maaskant.

We have to note at once that the figures providex@ are rough estimates yet;
tailored flood probability and damage calculatiah®uld be based on the much more
complex concept of systemic risk where a numbediké rings should be seen as an
interdependent system. Connected to this is theeis®ncerning the present spatial
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distribution of activities, in particular the quiest whether or not the Western part of
the country can remain as prominent in Dutch sgastit is now. Systematic factors do
not look favourable: sea level rise, subsiding goblevel, increased precipitation and
the expectation of more extreme peak river disamrghe Netherlands has to decide
how it will develop in the next decades. Secondrehs another issue specific of Dutch
situation, which concerns the role of governmeatnaly its increasing willingness to

share the responsibility of flood risk managemé&xoy(ters, 2006a,b). One of the aims
of this trend, which may eventually become a politsyon, is to make the public more

aware of flood risks by means of involving privatetors in decisions connected to
water management and flood protection on the bafsisharing a part of associated

costs. Connected to that is the topic of insuraheé tends to reappear more often on
the public debate agenda (Botzen and Van den B2@fl§a,b). It is yet complicated by

the presence of catastrophic losses, interdepeadsrat ambiguity, all of which makes

it troublesome for private insurers to define tmeoant of premiums, as well as to

ensure the presence of capital to satisfy all thsaslated claims simultaneously.

Given the increasing complexity in which modernistes like the Netherlands
are operating, it is nearly impossible to solve ewananagement and (large-scale)
flooding problems without embedding them in the doler context of economic
development as was the case in earlier times. €hmless interaction between water
and economic networks offers rich grounds for debathich we believe should
improve our vision on the water and flood protetctmroblems in future. We can see
that a number of questions appear following thedssliscussed above, like: Should the
core economic activities be located in the areasctly behind the dikes be still
protected, or should a policy of spreading thedeviies to the higher areas in the
Eastern and Southern parts of the Netherlands tyeted? Also, what is a possible mix
of private and public solutions that could enswentries adaptability in the long run to
the threats of climate change? In this contextth&mr research on the economic
dimension of disaster consequences will be neesl@th @ssential part in understanding,
explaining and steering contemporary economies hi@ direction of the desired
development trajectories. Here, a cost-benefit @ggr from welfare economics is a
good candidate to analyse various adaptation messind policies.

5.VOSL IN THE CONTEXT OF FLOOD SAFETY

In this section, we shall discuss the value oistiaal life (VOSL) as one of the aspects
of immaterial damage in the context of flood saifetyhe Netherlands. VOSL is one of
the common ways to evaluate the risk of a fatalitgignals how much an individual or
a group of individuals are willing to give up indar to decrease the expected number of
fatalities in a given context (like traffic accidenor industrial accidents) by one. It is
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important to clarify that in this case, the averagenber of victims or fatalities is being
decreased, and thus it is not known in advance evlige will ultimately be saved.
That's why the term ‘statistical life’ is used. Maver, a VOSL reflects essentially the
willingness to pay for a reduction in risk (rathprpbability of an adverse event with a
lethal outcome), and therefore is not intendedetenine the value of a human life.

For example, in labour economics, the differencesvages between ‘safe’ and
‘unsafe’ jobs can be compared (using appropriam@metric methods, to which we
shall return later in this section) to the differen to fatality rates, and in this way
monetary values that employees attach to the safettye workplace can be translated
into the value per fatality. In the studies of VO8Ltransport safety (see, e.g., De
Blaeij, 2003), the willingness to pay for a safetess safe car; or the willingness to pay
for a safety device reducing driver's chance oétality are related in a similar way to
the number of reduced expected fatalities. This,whg compensation for risk is
transformed into the value of statistical life, winiin turn can be used as a threshold to
value changes in risk of a fatality in general.

However, in practice the valuation of a VOSL, asrnfd by Daniekt al. (2005b)
most probably reflects not only immaterial damagbat also includes loss of
consumption. Also De Blaeij (2003) reflects that MOestimates are based on the
respondents’ maximum WTP, which presumes that medsMOSL includes total
benefits, for which agents are willing to pay, as.for the reduction of risk of suffering,
as for the reduction of risk of foregone futurdiwytiof pleasure through consumption.
In addition, numerous studies have shown that a V@Shot a constant, but rather
varies dependent on the personal characteristidheofsurveyed population and the
context in which VOSL is measured. For example, tigher the level of income, the
more people are willing to pay for extra increasesafety, which pushes VOSL up.
Another aspect that can be of importance in VOSimedions is the initial level of
riskiness. Namely, the higher the initial risk, thre people are willing to pay to
contribute to its decrease; the lower the initigk rlevel, the more VOSL tends to
decrease.

5.1. Some Background on Valuation Approaches

To evaluate various measures directed at improvesranflood safety, a cost-benefit
approach (CBA) is often used. Essentially, it corapaalternative options in terms of
streams of benefits against respective costs @iy initial investment and
maintenancey.In this way, several considered alternatives eandmpared. To be able
to account for all or at least as many as possibts and benefits, these should be

® For an overview of issues connected to CBA apalsiseenter alia Nijkamp, Ubbels and Verhoef
(2002).
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expressed in the comparable units, which are @sumed to be money terms. Yet, it
is not equally straightforward or easy to providmanetary value to assets of different
nature. Probably, the simplest assets to valuenaeket goods; they have a price
determined on an existing (competitive) market.hditgh shadow prices may still

differ, this provides a first starting point fortdamining the unit value. Non-market

goods often need to be valued indirectly, as theynat directly traded, and thus do not
have an established price. These are, for exangigironmental goods, where

extensive valuations are well documented.

Valuation methods aim to estimate the individuatsirginal ‘willingness-to-pay’
(WTP) (in monetary units) for improvements in theaqtity or quality of a non-market
good concerned, and are therefore consistent Wwiéhgeneral philosophy of CBA, in
which relevant welfare effects are expressed in ety units. Economists have
developed a number of procedures, which, at leagta case of some externalities, do
provide reasonable guidance to the monetized valu¢hese effects, despite the
remaining uncertainty and dispersion in values peed (Button, 1993a). In recent
years the level of sophistication used in this psschas risen considerably. Two types
of approaches to value environmental goods exest {@ble 2), namely, behavioural and
non-behavioural ones.

Valuation approaches Short-cut approaches

Behavioural Non-behaviours

Surrogate markets
(Revealed

Hypothetical
markets

preference)

(Stated preference]

» Hedonic technique
» Travel cost metho
* Household pro-

duction functions

s Contingent valu-
ation in various
forms

» Conjoint analysis

» Damage costs
(buildings, crops,
etc.)

» Costs of illness

* Prevention costs
hypothetical defen-
sive, abatement or

repair programmes

» Actual defensive
abatement or repai
programmes

Table 2. A classification of different valuationpapachegAdapted from Verhoef, 1996

While non-behavioural techniques are used widelyriactice, providing ‘hard’
estimates, following Nijkamp, Ubbels and Verhoe0@2), they are not taking into
account non-use value of assets, as well as thetjofeelate valuations to consumer
utility functions. Behavioural approaches, alteively, are preferred on theoretical
grounds, as they provide directly consumers’ vabmadf the selected asset. Two main
categories of behavioural techniques are distihgdisere, revealed and stated preference
methods.

Revealed preference techniques can be applied whengate markets for the
environmental good to be valued exist; that is, wbensumers’ marginal willingness to
pay for changes in the effect can be measured dking at their behaviour on other,
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related markets. Such other markets may be housarggets and labour markets when
hedonic techniques are used to statistically ithfervalue of, for instance, noise annoyance
as an attribute of housing services, or safetynaattabute of jobs. In Danigt al (2005a,
20064a,b) the effects of the flood risk on the prgpealues in the Netherlands along the
river Meuse (including the so-called emergency dafion areas, in Dutch,
‘noodoverloopgebied8rare explored with the help of hedonic pricingaebbased on the
actual data of housing transaction prices. Theafleettravel cost method would typically
seek to measure the valuation for, e.g., naturedsphy looking at the expenses that
visitors make in order to see the park. Househmdytion functions can be used then to
infer how households, in their ‘production of wylj try to defend themselves from the
impacts of certain externalities.

When the goal is to value non-use values, or wibesunrogate markets exist, stated
preference techniques can be used to infer consumgingness to pay by confronting
them with hypothetical markets or goods. Contingaitiation studies try to ask for a
willingness to pay directly, possibly by confromfinespondents with various bids for a
certain good. Conjoint analysis techniques typycathnfront respondents with two (or
more) scenarios in which the quantity or qualityanf environmental good and some
financial transfer vary, and ask them to indicéte most preferred option. Essential to
stated preference methods of valuation are theaeapbn of known probabilities, which
aims at the collection of objective valuations frthra respondents based on the realisation
of factual information instead of subjective petaaps. Yet, because the above-
mentioned methods are always indirect or inducedega valuation of non-market
goods will always remain an approximation.

5.2. Valuation of VOSL in Flood Safety in the Netherlands

In the above we have briefly introduced the conagpghe value of statistical life, and
the valuation methods that can be applied for éeminination in the framework of a
cost-benefit analysis. In this subsection we diadibw the discussion around the stated
preference method for the valuation of VOSL in Metherlands, illuminating a number
of issues that are of importance for the deternonabf VOSL within an SP approach.
One of the first issues that comes up to the serfacthe general level of flood
protection that exists in the country. Legal stadddor dike construction are defined at
the tolerated level of dike overtopping mountingotae in 500, 1250, 4000 years and
even once in 10.000 years for the Western parhefcountry, which are extremely
strict comparing to other flood-prone places arothreglobe (where often once in 100
years is considered as enough protection). Thimsdhat we are dealing with small,
and provided the experience of other SP studiay, siall probabilities, which often
proves to be a difficult task to explain to thep@sdents.
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The issue is complicated by the fact that the pfvdiya of a fatality due to
flooding is of composite nature. First of all, imetNetherlands, which consists of dike
rings and polders as we mentioned in section 4, itiieans that the probability of a
flooding should be determined for each specifiechlity, based on the information
about various dike failure mechanisms (see MTP 520dncluding overtopping. This
aspect is being studied and attempts at modellingre made (see, for example,
Cappendijk and Jonkman, 2006), however, extensaredardised information on flood
probabilities per dike ring, though available, riegsi more underpinning with localised
information to obtain reliable estimates. Secohd,frobability of a flooding, even if to
be roughly substituted by the legal standard fike ding safety, should be multiplied by
a probability of the emergence of a fatality ineasflooding takes place. The problem
is that the latter probability has to be modelledagately, too, while a constant number,
or a known proportion for the determination of antoer of fatalities in flooding, do not
exist. Jonkman (2007) offer such a model, yetmams sensitive to the underpinning
assumptions; which should in turn be strictly coldd for in an SP environment. One
of the aspects that surfaces in this respect issghe of evacuation. Here, a threefold of
points are important, namely, the reach of the imgrnrmessage throughout the
population, perception of flood warning and compdi@ to evacuation, i.e. response in
terms of factual behaviour. Each of these pointsusial for the determination of flood
mortality. If a warning message has not physicetigched a fraction of population, it
will potentially increase the number of those exuhsas will the disbelief in the
warning (with numerous examples from the literatufgnally, decision to evacuate
may not realise in actual movement from the threadearea due to inability or lack of
means to evacuate or escape, or the restrictectibamd the exit roads (including
congestion) to allow all those willing to evacuatedo so. This means, that when
confronting the respondents with information or gfiens concerning evacuation, we
need to keep in mind that these are issues of palrpoeference (like risk-taker or a risk
averse person), which may, due to a dominated ptoce of flood consequences
(mostly, underestimated) including personal risknairtality, if uncontrolled, influence
the respondents’ valuations of changes in thes&deel.

As a threshold case, we may use one of the accéapted of thumb’ as a starting
proxy (following Jonkman, 2007) for the determioatiof the probability of a fatality in
flooding; suggesting that 1% of the affected popotabecomes a victim of a major
flood. A second proxy to be used is the legal gas&ndard in the Netherlands for dike
overtopping, which will bring us to the expectednsg probability of a fatality due to a
flooding for the inhabitants of some of the dikegs in the West of the Netherlands to
one in a million (i.e., 18), which is an extremely low indicatBWwe may expect to

® For comparison, RIVM report on the managementisk (2003) provides some estimations of yearly
number of deaths for various incidents. Translathmse numbers into ratios we obtain that, for gxdem
the probability of dying from smoking is one in 7@&ing a victim of a traffic accident is on avezdgin
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have difficulty in explaining such low probabilitdo the respondents (also stressed by
Brouwer and Schaafsma, 2006), and should look rioa@propriate manner to present
this information as much comprehensive as posdit#ee, often risk ladders and colour
grid representation are used, which we may adopidopurposes.

Another question connected to the initial levetisk is the existence of a positive
VOSL (as we mentioned in the previous sub-sectibeye, possibly, also the status of
flood safety as a public good may play a role. adhe at this early stage of research, it
becomes apparent that the usual practice in SPaqpes of providing the respondents
with alternatives, asking to make a trade-off betwa sum of money and the level of
individual risk reduction, becomes troublesome. On the oned,hdhe trust in
government as a provider of public safety mighatzea bias in personal perception of
flood safety, which may be difficult to influenceen by providing the explanation of
objective levels of risk. Besides, the interpretatiof flood safety as a public good
might give rise to a free-rider problem and resulthe underestimation of VOSL. On
the other hand, if the changes in safety cannattrduted to a single person, then it
has to be attributed to a known size of a groujpaividuals, which is not certain in our
case.

Atop of the points that we have outlined above éhare known biases that
accompany SP valuations, like the (in)sensitivity the scope of the good -
embeddedness; hypothetical nature of choices; gayging; choice of payment vehicle;
reference point and others (see, for example, ReiBl2003, for an outline of biases
associated with SP methods). All this signals tiratshould exercise caution in setting
up an SP questionnaire, designing our experimeotm#lation (i.e., wording) of
questions, the presentation of information on ‘riske order of questions and the
amount of questions presented appear to play a aok ultimately affect the VOSL
estimate, in this type of ‘experimental’ setting.

To conclude, we should point out to the differemitt ®f problem that we have at
hand with the estimation of VOSL for flood safetythe Netherlands, compared to the
earlier studies of VOSL in the Netherlands (for repée, see De Blaeij, 2003 for the
methodological and empirical issues of VOSL estiamain transport). The different
nature of risk, and the context of the problem psanto suggest some challenges; yet it
also suggests opportunities that we have to uiisgproaching these challenges.

10.000; fatality due to consumption of drinking matontaining legionella bacteria — about 4 in 000;
and being hit by a lightning — just slightly lowtian one in a million.

" Literature suggests that respondents might diféyeperceive different, mathematically equivalent,
probability expressions, like 1 in 100 and 10 i©Q.0

19



REFERENCES

Asselman, N. E. M. and Heynert, K. (2003) Consegasrof Floods: 2D Hydraulic Simulations for the
Case Study Area Central Holla@bnsequences of Floods: Risk due to Floodibgjft Cluster
Report DC1-233-5. Delft, the Netherlands.

Benson, C. and Clay, E. J. (2004) Understanding Ehenomic and Financial Impacts of Natural
Disasters, The World Bank. Washington. D.C., US.

Benson, C. and Twigg, J. (2004) Measuring MitigatidMethodologies for Assessing Natural Hazard
Risks and the Net Benefits of Mitigation — A Scapitudy, the ProVention Consortium.
Geneva, Switzerland.

Bockarjova, M., Steenge, A. E. and van der Veen, A0&&) Dijkdoorbraak bij Capelle Treft Gehele
Nederlandse Economikand en Waters, pp 28-29.

Bockarjova, M., Steenge, A. E. and van der Veen, A0@b) On Direct Estimation of Initial Damage In
the Case of a Major Catastrophe: Derivation of"Basic Equation”Disaster Prevention and
Management: An International Journdl3(4), pp 330-337.

Bockarjova, M., Steenge, A.E. and van der Veen, AO{RGtructural Economic Effects of Large-Scale
Inundation; A simulation of the Krimpen dike bregka In: S. Begum, M.J.F. Stive and J.W.
Hall (eds.)Flood Risk Management in Eurgp®dvances in Natural and Technological Hazards
ResearchSpringer.

Botzen, W. J. W. and van den Bergh, J. C. J. M062) Bounded Rationality, Climate Risks and
Insurance: Is There a Market for Natural Disastehs&titute for Environmental Studies, IVM,
VU University of Amsterdam, the Netherlands.

Botzen, W. J. W. and van den Bergh, J. C. J. MO§B) Insurance against Climate Change and Flooding
in the Netherlands: Present, Future and Comparisth other Countries, Institute for
Environmental Studies, IVM, VU University of Amstiam, the Netherlands.

Briene, M., Koppert, S., Koopman, A. and Verkenris,(2003) Financiele Onderbouwing Kengetallen
Hoogwaterschade,Eindrapport 17435 MBr/SM 23-4-2002NEI B.V. Rottedam, the
Netherlands.

Brouwer, R. and Schaafsma, M. (2006) Economischardesing van overstromingsrisico’s, Paper
presented aWVU/IVM Lustrum ‘De Toekomst van de Randsta?2? November 2006, Vrije
Universiteit Amsterdam, the Netherlands.

BTRE (2001) Economic Costs of Natural Disasterdirstralia, Report 103 Canberra, Commonwealth
of Australia, Bureau of Transport and Regional Exruits, Disaster Mitigation Research
Working Group, Paragon Printers.

Chang, S. E. (1998) Direct Economic Impacts, in: $3hinozuka, A. Z. Rose and R. T. Eguchi (eds)
Engineering and Socioeconomic Impacts of Earthgsiaken Analysis of Electricity Lifeline
Disruptions in the New Madrid Areayiultidisciplinary Centre for Earthquake Engineering
Research. Buffalo, NY, US.

Cochrane, H. C. (1997a) Economic Impact of a MidviessthquakeNCEER Bulletin]11(1), pp 1-15.

Cochrane, H. C. (1997b) Forecasting the Econompabhof a Midwest Earthquake, in: B. G. Jones (ed)
Economic Consequences of Earthquakes: PreparinghferUnexpectedyational Center for
Earthquake Engineering Research. Buffalo, NY, US.

Cochrane, H. C. (2004) Indirect Losses from Natiighsters: Measurement and Myth, in: Y. Okuyama
and S. E.Chang (ed#)jodelling Spatial and Economic Impacts of Disast&gringer-Verlag.
Berlin Heidelberg New York.

Cole, S. (1998) Decision Support for Calamity Predaess: Socioeconomic and Interregional Impacts,
in: M. Shinozuka, A. Rose and R. T. Eguchi (eBlapgineering and Socioeconomic Impacts of
Earthquakes: An Analysis of Electricity Lifeline sRiptions in the New Madrid Area,
Multidisciplinary Centre for Earthquake EngineeriRgsearch. Buffalo, NY, US.

Cole, S. (2003) Protection, Risk, and Disaster ¢goriomic Network, in: A. van der Veen, A. L. Vetere
Arellano and J.-P. Nordvik (ed4n Search of a Common Methodology for Damage Egton"

20



Joint NEDIES and University of Twente Workshop BeatingsDelft, the Netherlands, Office
for Official Publications of the European Commusti

Cole, S. (2004a) Geohazards in Social Systemsnsurdnce Matrix Approach, in: Y. Okuyama and S.
E.Chang (edsModelling Spatial and Economic Impacts of Disast&gringer-Verlag. Berlin
Heidelberg New York.

Cole, S. (2004b) Performance and Protection in dapfive Transaction ModeDisaster Prevention and
Management: An International Journdl3(4), pp 280-289.

Cole, S., Pantoja, E. and Razak, V. (1988kial Accounting for Disaster Preparedness andoRexy
Planning, Technical Report NCEER-93-0002, Buffalo, NY, NatbrCentre for Earthquake
Engineering Research.

Daniel, V.E., Florax, R.J.G.M, and Rietveld, P. @8) River Flooding and Housing Values: An
Economic Assessment of Environmental Risk. Papesented at the #9Vieeting of ERSA, 23-
27 August 2005, Vrije Universiteit Amsterdam, thetherlands.

Daniel, V.E., Florax, R.J.G.M, and Rietveld, P.@88) Investigating the Announcement Effects in Hloo
Risk Management: Using the Designation of Emergefroyndation Areas as a Quasi-
Experiment. Paper presented at thé” F&nual North American Meetings of RSAI, 16-18
November 2006, Toronto, Canada.

Daniel, V.E., Florax, R.J.G.M, and Rietveld, P.{8B) The Economic Valuation of Flood Risk: Long-
Term Divergencies between ex-ante and ex-post Hegites of the Meuse River Flooding in
the Netherlands. Paper presented at t&&nhual North American Meetings of RSAI, 16-18
November 2006, Toronto, Canada.

Daniel, V.E., Van Gent, H., Rietveld, P., Rouwendhland Verhoef, E. (2005b) De Waardering van
Veiligheid in het Verkeer. Vrije Universiteit Amstiam, Afdeling Ruimtelijke Economie.

De Blaeij, A. (2003Estimation of Value of Statistical Life in Transp8afety Amsterdam.

Duits, M. T. (2006) OptimaliseRing. Gebruikershading van een Numeriek Rekenmodel voor de
Economische Optimalisatie van Veiligheidsneveaus Dgkringen, HKV Lijn in Water in het
opdracht van Rijkswaterstaat, RIZA, Lelystad, Néated.

ECLAC (2003) Handbook for Estimating the Socio-Emaic and Environmental Effects of Disasters,
United Nations Economic Commission for Latin Amarignd the Caribbean, IBRD, the World
Bank. Santiago, Chile.

Eijgenraam, C. J. J. (200Kosten-Batenanalyse Ruimte voor de Rivier. Veil@jhegen Overstromen.
Deel I,CPB, Centraal Planbureau Rapport No.82, den Hhad\&therlands.

FEMA (2001) HAZUS99 Service Release 2 Technical MdnFederal Emergency Management Agency
and National Institute of Building Sciences. Wasgfm, D.C., US.

Freeman, P., Martin, L., Mechler, R. and Warner (2004) A Methodology for Incorporating Natural
Catastrophes into Macroeconomic Projectiobésaster Prevention and Management: An
International Journal13 (4), pp 337-342

Hungarian Academy of Sciences (2004) Impacts argep&eses Concerning Global Climate Change in
Hungary, a Joint Research Project of the Hungafieedemy of Sciences and the Ministry of
Environment and Water. Budapest, Hungary.

IPCC (2001) Climate Change 2001: Impacts, Adaptatand Vulnerability, in: J. J. McCarthy, O. F.
Canziani, N. A. Leary, D. J. Dokken and K. S. WHiges) Press Syndicate of the University of
Cambridge. Cambridge, UK.

IPCC (2007) Climate Change 2007: The Physical Sei@asis, Contribution of Working Group | to the
Fourth Assessment Report of the IntergovernmentateP on Climate Change, Geneva,
Switzerland.

Jonkman, S.N. (200T)oss of Life Estimation in Flood Risk Assessmemeory and ApplicationDelft.

Jonkman, S.N., Bikarjova, M., Kok, M., Bernardini, P. (2008)ntegrated Hydrodynamic and
Economic Modelling of Flood Damage in the Nethedsin special issue of Ecological
Economics, forthcoming.

21



Linnerooth-Bayer, J., Mechler, R. and Pflug, G.q8PRefocusing Disaster Ai&cience Journal Special
Issue "Dealing with Disasters309(5737), pp 1044-1046.

MAFF (1999) Flood and Coastal Project Appraisaldanice. Economic Appraisal, in: K. Riddell and C.
Green (eds) Ministry of Agriculture, Fisheries artbod, Flood and Coastal Defence
Emergencies Division. London, UK.

Mechler, R. (2004 Natural Disaster Risk Management and Financing Bisa Losses in Developing
Countries VVW GmbH. Karlsruhe, Germany.

Mechler, R. (2006) Macroeconomic Impacts of Nataasters, in: K. Demeter, H. E. Erkan and A.
Guner (eds)The Role of Local Governments in Reducing the BisRisasters,IBRD/WB.
Washington, D.C., US.

Messner, F., Penning-Rowsell, E., Green, C., MeYyer,Tunstall, S. and Van der Veen, A. (2007)
Evaluating Flood Damages: Guidance and Recommemdaton Principles and Methods,
FLOODsite Consortium, Wallingford, UK.

Meulepas, G.-J. and De Klerk, A. (2004) Redesiger@poneel Deel HIS — Fase 2. Basisontwerp, Royal
Haskoning in het opdracht van Rijkswaterstaat, DWW.

Mitchell, J. K. (2003) European River Floods in aaBging WorldRisk Analysis23(3), pp 567-574.

MTP (2005a) HIS: Hoogwater Informatie Systeem vae Rampenbestrijding bij Overstromingen,
Ministerie van Verkeer en Waterstaat, RijkswaterstBWW, Delft, the Netherlands.

MTP (2005b) Veiligheid Nederland in Kaart. Globalkchadeberekening. Achtergronddocument,
Ministerie van Verkeer en Waterstaat, RijkswaterstBWW, Delft, the Netherlands.

MTP (2005c) Veiligheid Nederland in Kaart. Hoofdpapt Onderzoek Overstromingsrisico's (Flood
Risks and Safety in the Netherlands (Floris Studylll Report), Ministry of Transport, Public
Works and Water Management, DWW, Delft, the Netradb.

MTP (2006) Veiligheid Nederland in Kaart — Inschagt van het Aantal slachtoffers ten Gevolge van
Overstroming. Dijkringen 7, 14 en 36. Ministry ofrahsport, Public Works and Water
Management, DWW-2006-012, Delft, the Netherlands.

Munich Re (2006) Hurricanes — More Intense, Moregieent, More Expensive: Insurance in a Time of
Changing Risk&nowledge Serieddunich Re. Munchen, Germany.

National Academy of Sciences (2005) Understandimy Responding to Climate Change: Highlights of
National Academies Reports, National Academy Pidatipnal Academy of Sciences, National
Academy of Engineering, Institute of Medicine, Matil Research Council. Washington D.C.,
us.

National Research Council (1992)he Economic Consequences of a Catastrophic Eaatteju
Proceedings of a ForuniNational Academies Press. Washington D.C., US.

National Research Council (2002prupt Climate Change: Inevitable Surpris&@gcean Studies Board,
Polar Research Board, Board on Atmospheric Scieaces Climate, Committee on Abrupt
Climate Change, Division on Earth and Life Studisgtional Academy Press. Washington
D.C, US.

Nijkamp, P., Ubbels, B. and Verhoef, E. (2002) B@ort Investment Appraisal and the Environment, In:
D.A. Henscher and K.J. Button (Edsiandbook of Transport and Environment; Handbooks in
Transport 4 Elsevier/Pergamon, Amsterdam, the Netherlands.

O'Brien, G., O'Keefe, P., Rose, J. and Wisner, B006) Climate Change and Disaster Management.
Disasters,30(1), pp 64-80.

Okuyama, Y. (2004) Modelling Spatial Economic Imigacf an Earthquake: Input-Output Approaches.
Disaster Prevention and Management: An Internatialwaurnal, 13(4), pp 297-306

Okuyama, Y., Hewings, G. J. D. and Sonis, M. (208#Basuring Economic Impacts of Disasters:
Interregional Input-Output Analysis Using Sequdniigerindustry Model, in: Y. Okuyama and
S. E.Chang (eddylodelling Spatial and Economic Impacts of Disastgxdvances in Spatial
ScienceSpringer, Berlin Heidelberg New York.

22



Penning-Rowsell, E. and Peerbolte, B. (19%49ods across Europe; Flood Hazard Assessment,
Modelling and Managementiddlesex University Press. London, UK.

RIVM (2003) Nuchter Omgaan met Risico’s. Milieu- Matuurplanbureau, Rijksinstituut voor Milieu en
Gezondheid rapport 251701047/2003. Bilthoven, ththrlands.

Rose, A. Z. (1995) Input-Output Economics and Cotaiple General Equilibrium ModelStructural
Change and Economic Dynami€3), pp 295-304.

Rose, A. Z. (2004a) Defining and Measuring EconoRsilience to DisasterBisaster Prevention and
Management: An International Journdl3(4), pp 307-314

Rose, A. Z. (2004b) Economic Principles, Issues, Rasearch Priorities in Hazard Loss Estimation, in
Y. Okuyama and S. E. Chang (eddpdelling Spatial and Economic Impacts of Disasters
Springer-Verlag. Berlin Heidelberg New York.

Rose, A. Z. (2006) Economic Resilience to Disastdisward a Consistent and Comprehensive
Formulation, in: D. Paton and D. Johnston (edsaster Resilience: an Integrated Approach,
Charles C. Thomas. Springfield, US.

Rose, A. Z. and Benavides, J. (1998) Regional Eeandmpacts, in: M. Shinozuka, A. Z. Rose and R.
T. Eguchi (eds)Engineering and Socioeconomic Impacts of Earthgsiakken Analysis of
Electricity Lifeline Disruptions in the New Madrid\rea, Multidisciplinary Centre for
Earthquake Engineering Research. Buffalo, NY, US.

Rose, A. Z. and Liao, S.-Y. (2005) Modelling RegibBconomic Resilience to Disasters: A Computable
General Equilibrium Analysis of Water Service Distions.Journal of Regional Sciencé5(1),
pp 75-112.

Rose, A. Z. and Lim, D. (2002) Business Interrupticosses from Natural Hazards: Conceptual and
Methodological Issues in the Case of the NorthriigethquakeEnvironmental Hazards}(1),
pp 1-14.

Santos, J. R. and Haimes, Y. Y. (2004) ModelingDeenand Reduction Input-Output (I-O) Inoperability
due to Terrorism of Interconnected InfrastructuRisk Analysis24 (6), pp 1437 - 1451.

Schipper, L. and Pelling, M. (2006) Disaster RiSkmate Change and International Development: Scope
for, and Challenges to, Integratiddisasters,30(1), pp 19-38.

Steenge, A.E. and Bkarjova, M. (2007) Thinking about Rigidities anddatances in Post-Catastrophe
Economies; An Input-Output Based Propositiitonomic Systems Researd®(2), pp 205-
223.

Stern, N. (2006) Stern Review on the Economics lihn&e Change, The UK Treasury, Cambridge
University Press.

Tol, R. S. J., van der Grijp, N., Olsthoorn, A.akad van der Werff, P. E. (2003) Adapting to Climate
Case Study on Riverine Flood Risks in the NetheidaRisk Analysis23(3), pp 575-583.

Van Aalst, M. K. (2006) The Impacts of Climate Charon the Risk of Natural DisasteBisasters,
30(1), pp 5-18.

Van Ast, J., Bouma, J. J. and Francois, D. (200#4gmapport Wardering van Overstromingsrisico's,
Rotterdam, Erasmus Centre for Sustainable Developamd Management, Erasmus University
Rotterdam, the Netherlands.

Van den Berg, K., Sluijs, L., Snuverink, M. and Wie A. (2000) Schadecurves Industrie ten Gevolge
van Overstroming, TEBODIN in het opdracht van Mieige van Verkeer en Waterstaat, DWW,
the Hague, the Netherlands.

Van der Veen, A. and C. J. J. Logtmeijer (2003) Hawinerable are We for Flooding? A GIS Approach.,
in: A. van der Veen, A. L. Vetere Arellano and J.Nbrdvik (eds)'In Search of a Common
Methodology for Damage Estimation" Joint NEDIES addiversity of Twente Workshop
Proceedings, Delft, the Netherlands, Office for Official Publitans of the European
Communities.

Van der Veen, A. and Logtmeijer, C. J. J. (2005prsnic Hotspots: Visualizing Vulnerability to
Flooding.Natural Hazards36(1-2), pp 65-80.

23



Van der Veen, A., Groenendijk, N., Mol, N., Logtieej C. J. J. and Wesselink, A. J. (2001) Cost-Bene
Analysis and Evaluation of Flood Control Measudlabus "Wat als We Nat GaarDelft
Cluster. Delft, the Netherlands.

Van der Veen, A., Steenge, A. E.,&arjova, M. and Logtmeijer, C. J. J. (2003a) Sturalt Economic
Effects of a Large Scale Inundation: a Simulatibthe Krimpen Dike Breakage, in: A. van der
Veen, A. L. Vetere Arellano and J.-P. Nordvik (eds) Search of a Common Methodology for
Damage Estimation” Joint NEDIES and University afefite Workshop Proceedind3elft, the
Netherlands, Office for Official Publications oftlicturopean Communities.

Van der Veen, A., Steenge, A. E.,&8arjova, M. and Logtmeijer, C. J. J. (2003b) Stuuat Economic
Effects of a Large Scale Inundation: a Simulatibthe Krimpen Dike Breakag€&onsequences
of Floods: Risk due to Floodin®elft Cluster Report DC1-233-12. Delft, the Netheds.

Van Dorland, R. and Jansen, B. (Eds.) (20D6)Staat van het Klimaat 200BJatform Communication
on Climate Change. De Bilt/Wageningen, the Netimeita

Verhoef, E.T. (1996The Economics of Regulating Road TranspBdward Elgar, Cheltenham.

Vrisou van Eck, N. and Kok, M. (2001) Standard MetHor Predicting Damage and Casualties as a
Result of FloodsPR236.60HKYV "Lijn in Water". Lelystad, the Netherlands.

Vrisou van Eck, N., Kok, M. and Vrouwenvelder, A. @. M. (1999) Standaardmethode Schade en
Slachtoffers als Gevolg van OverstromingPR236.40HKV "Lijn in Water" en TNO Bouw.
Delft, the Netherlands.

Wouters, A. (2006a) Veiligheid & WatelGS lezingencyclus 2008 niversity of Twente, Enschede, the
Netherlands.

Wouters, A. (2006b) Wat Betekent Leven met Watewls? Een Schets van Maatschappelijke
Dilemma's, Paper presentedval/IVM Lustrum ‘De Toekomst van de Randst&® November
2006, Vrije Universiteit Amsterdam, the Netherlands

WWF (2004) Extreme Weather: Does Nature Keep up®Ri Leemans and A. van Vliet (ed3pserved
Responses of Species and Ecosystems to ChangeateCand Extreme Weather Events: Many
More Reasons for Concerageningen University. Wageningen, the Netherlands.

24



