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Nederlandse samenvatting (dutch summary)
Private overstromingsmitigatie maatregelen in een omgeving met
veranderende risico’s
Ondanks de vele maatregelen die wereldwijd genomen worden om risico’s van natuurrampen
te beperken blijven overstromingen de meest voorkomende en schadelijkste natuurramp. De
verwachting is dat in veel regio’s overstromingsrisico’s in de toekomst verder zullen
toenemen door twee complementaire trends. Door de effecten van klimaatverandering, zullen
overstromingen waarschijnlijk vaker plaatsvinden en grotere gevolgen hebben op de
waterhuishouding. Daarnaast veroorzaken constante toenames van bevolking en economisch
kapitaal in overstroombare gebieden voor een stijging in de blootstelling van waarden aan
overstromingen.
Net zoals overstromingsrisico’s voortdurend veranderen door de verwachte effecten van
klimaatverandering en door veranderingen in blootstelling, dient ook het waterbeheer en
gerelateerd beleid zich aan te passen. Zo is waar te nemen dat het waterbeheer in Europa en
elders in de wereld steeds meer verschuift naar geïntegreerde risicomanagement methoden.
Hierin worden ook maatregelen meegenomen die de schade en blootstelling aan
overstromingen reduceren. Vandaar dat er steeds meer belangstelling is voor de bijdrage die
huishoudens leveren aan schadereductie door middel van schadebeperkende maatregelen op
gebouwniveau. Deze zogenaamde ‘mitigatie maatregelen’ zijn in veel landen een belangrijk
component geworden van geïntegreerde strategieën van overstromingsrisicomanagement.
Enkele voorbeelden van zulke maatregelen zijn tijdelijke waterkeringen en
overstromingsbestendig bouwen.

Doel van dit onderzoek en onderzoeksvragen
Dit proefschrift onderzoekt de bijdrage die mitigatie maatregelen van huishoudens leveren om
overstromingsrisico’s te verminderen, in een veranderende omgeving van risico’s en
overstromingsrisicomanagement, dit in termen van hun schadereducerende capaciteit en mate
van uitvoering. Dit is gedaan door de volgende multidisciplinaire onderzoeksvragen te
analyseren:
1. Welke veranderingen in overstromingsrisico’s kunnen we in de komende decennia
verwachten, en wat zijn de onafhankelijke bijdragen van klimaatverandering en
stijging in blootstelling aan deze ontwikkelingen?
2. Hoe onzeker zijn voorspellingen van overstromingsschade met het oog op het
toepassen van verschillende modellen die deze schade berekenen?
3. Hoe hebben mitigatie maatregelen die huishoudens nemen om overstromingsrisico’s te
verminderen zich ontwikkeld door de tijd, en wat waren de schadebeperkende effecten
van deze maatregelen tijdens overstromingen?
4. Wat is de relatie tussen percepties van overstromingsrisico’s, het
voorbereidingsgedrag van inwoners van overstroombare gebieden ten aanzien van
iii

overstromingen, en de vraag van deze inwoners naar maatregelen voor risicoreductie
door de overheid?
5. Welke andere factoren dan percepties van overstromingsrisico’s zijn van invloed op
het voorbereidingsgedrag van inwoners van overstroombare gebieden? Wat is in het
bijzonder de invloed op dit gedrag, uitgaande van de verschillende waarden die
mensen toekennen aan maatregelen om met overstromingen om te gaan (“flood coping
appraisals”)?
6. Kunnen we aan de hand van omgevingsfactoren en terugkoppelingsmechanismes
verklaren waarom landen kiezen voor verschillende overstromingsrisicomanagement
portfolio’s?

Onderzoeksbevindingen
Veranderingen in toekomstige overstromingsrisico’s, de onafhankelijke bijdragen van
klimaatverandering en toename in blootstelling, en de onzekerheden van deze
ontwikkelingen
Het risico van extreme overstromingen van de Rijn kan sterk toenemen, namelijk tussen de 53
en 230 procent tijdens de komende decennia. De belangrijkste factor in de toekomstige
toename in het risico van zware rivieroverstromingen is klimaatverandering. In het bijzonder
zullen overstromingsrisico’s naar verwachting stijgen door een toename in neerslag en het
smelten van sneeuw. Maar de effecten van sociaaleconomische ontwikkelingen zullen ook
een belangrijke bijdrage leveren aan toekomstige toenames in het risico door een verdere
concentratie van mensen en economische waarden in overstroombare gebieden. Daarnaast
tonen de resultaten aan dat er grotere onzekerheden bestaan over deze toekomstige
ontwikkelingen, zoals wordt gereflecteerd in uiteenlopende sociaaleconomische- en
klimaatscenario’s. De toepassing van verschillende schademodellen voegen hier nog extra
onzekerheden aan toe, met name in de simulaties van absolute schade getallen (namelijk met
een factor van 3,5 tot 3,8). Schattingen van relatieve veranderingen in overstromingsschade
blijken echter meer consistent te zijn tussen modellen en verschillen met een factor van 1,4.
De ontwikkeling op de lange termijn, de huidige mate van uitvoering en het
schadereducerende effect van private maatregelen die overstromingsschade mitigeren
Data van huishoudens in overstroombare gebieden langs het Duitse gedeelte van de rivier de
Rijn tonen aan dat directe ervaringen van huishoudens met overstromingen een belangrijke
invloed hebben op het nemen van maatregelen die overstromingsschade beperken. Een
significante toename in de implementatie van zulke maatregelen kan worden waargenomen in
de periode na overstromingen tussen 1980 en 2011. Bijvoorbeeld het aantal genomen
maatregelen die overstromingsschade beperken was meer dan verdubbeld na ervaringen met
een zware overstroming in 1993. In dit proefschrift is het schadereducerende effect van zulke
mitigatie maatregelen onderzocht door het voorbereidingsgedrag en geleden schade van
huishoudens te vergelijken tijdens- en na twee zware overstromingen die in 1993 en 1995
langs de Rijn plaatsvonden. Deze vergelijking toonde aan dat een schadereductie van meer
dan 50% in 1995 vergeleken met 1993 kan worden toegeschreven aan een verbeterde
voorbereiding van huishoudens in overstroombare gebieden. Voorts toont deze analyse aan
dat huishoudens die niet zelf schadereducerende maatregelen hadden genomen tijdens de
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overstromingen in 1993 en 1995 ook voordelen hebben ondervonden van een verbeterde
voorbereiding van anderen, doordat hierdoor overstromingswater minder vervuild was
geraakt.
Relatie tussen percepties van het overstromingsrisico, mitigatiegedrag en de vraag van
huishoudens naar risicoreductie door de overheid
Het is belangrijk om goede inzichten te hebben in de rol die risicopercepties spelen in
voorbereidingsgedrag van individuen, gezien de dominante rol die risicopercepties spelen in
de literatuur over voorbereidingsgedrag ten aanzien van overstromingen en omdat het
vergroten
van
risicobewustzijn
een
belangrijke
component
is
van
overstromingsrisicomanagement. Een literatuuronderzoek van 16 gepeerreviewde studies
onder 12,000 respondenten in 7 landen, over de relatie tussen percepties van het
overstromingsrisico en mitigatiegedrag, toont aan dat hoge risicopercepties niet
noodzakelijkerwijs resulteren in een betere voorbereiding op overstromingen, hoewel dit vaak
wordt verondersteld. De meerderheid van deze studies rapporteert geen of alleen een zwak
verband tussen risicopercepties en voorbereidingsgedrag ten aanzien van overstromingen.
Deze zwakke relatie wordt verder ondersteund door resultaten van een vragenlijst die is
afgenomen onder huishoudens die in gebieden wonen met een hoog overstromingsrisico in
Vietnam. Analyses van deze studie tonen aan dat percepties van overstromingsrisico’s een
zwakke voorspellende waarde hebben van intenties om maatregelen die overstromingsschade
beperken te treffen. Verder bevestigt deze studie in Vietnam dat de vraag naar risicoreductie
door de overheid niet in het algemeen kan worden afgeleid van algemene individuele
percepties van het overstromingsrisico. Een specifiek component van risicopercepties –
namelijk de verwachte consequenties van overstromingen – is wel een belangrijke factor van
invloed op deze vraag. Het feit dat deze resultaten die verkregen zijn in Vietnam vergelijkbaar
zijn met andere studies die zijn uitgevoerd in Europa en de Verenigde Staten duidt erop dat
deze inzichten wellicht in verschillende culturen van toepassing zijn.
Waarden die huishoudens toekennen aan maatregelen om met overstromingen om te
gaan en andere factoren dan risicopercepties die van invloed zijn op voorbereidingen
van huishoudens op overstromingen
Aangezien percepties van het overstromingsrisico op zichzelf een nogal zwakke
voorspellende factor zijn van voorbereidingen van huishoudens op overstromingen is het van
belang om te begrijpen welke andere factoren wel consistent gerelateerd zijn aan deze
voorbereidingen. In de literatuur hebben waarden die huishoudens toekennen aan maatregelen
om met overstromingen om te gaan (“flood-coping appraisals”) veel minder aandacht
gekregen dan risicoperceptie, terwijl de enkele studies over dit onderwerp hebben aangetoond
dat deze waarden consistent gerelateerd zijn aan voorbereidingsgedrag ten aanzien van
overstromingen. Voorbeelden zijn de verwachte effectiviteit van maatregelen, de verwachte
kosten hiervan en de mate waarin huishoudens zichzelf in staat achten om deze maatregelen te
nemen. Een vragenlijst die is uitgevoerd onder 752 huishoudens in overstroombare gebieden
langs de rivier de Rijn heeft bevestigd dat deze variabelen belangrijk zijn in het verklaren van
vier verschillende typen van voorbereidingen op overstromingen. De verwachte effectiviteit
van deze maatregelen evenals de verwachte uitvoerbaarheid hebben een belangrijke invloed
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op voorbereidingsgedrag. Voorts is aangetoond dat naast ervaringen met overstromingen de
hoogte van het inkomen een belangrijke rol speelt in hoeverre duurdere structurele
overstromingsmitigatie maatregelen worden geïmplementeerd. Ook is de sociale omgeving
van belang, zoals het feit of buren of vrienden ook overstromingsmitigatie maatregelen
hebben genomen. Een negatieve invloed op voorbereidingen van huishoudens op
overstromingen is gevonden voor zogenaamde niet-beschermende reacties, zoals ‘wishfull
thinking’, het uitstellen van het nemen van maatregelen of ontkenning van het risico. Hoewel
deze niet-beschermende reacties het overstromingsrisico dus niet verlagen helpen zij
respondenten om de negatieve emoties van hoge risicopercepties te voorkomen of te
onderdrukken.
Omgevingsfactoren, sturende factoren, en terugkoppelingsmechanismen die verschillen
in aangenomen overstromingsrisicomanagement portfolio’s kunnen verklaren
Terwijl er een algemene trend is naar geïntegreerde overstromingsmanagement concepten in
Europa en andere regio’s verschilt het initiële startpunt van beleid in verschillende landen,
alsmede de snelheid en de richting van veranderingen. In dit proefschrift is een conceptueel
raamwerk gepresenteerd waaruit op een integrale wijze lessen kunnen worden getrokken uit
een verscheidenheid aan concepten uit de beleidswetenschappen. Het doel hiervan was om
zowel huidige verschillen als veranderingen in overstromingsrisicomanagement praktijken te
verklaren. Vier casussen (Nederland, Duitsland, het Verenigd Koninkrijk en de Verenigde
Staten) zijn onderzocht om een overzicht te geven van factoren en mogelijke
terugkoppelingsmechanismen die van invloed zijn op overstromingsrisicomanagement
praktijken in deze verschillende landen. Deze factoren omvatten onder andere geografische
grenscondities, het voorkomen van overstromingen, de efficiëntie van het huidige systeem
van waterbeheer, maar ook veranderingen in menselijke gedragsfactoren. Bijvoorbeeld landen
die blootgesteld zijn aan een overstromingsgevaar, maar met een kleine kans op zeer hoge
gevolgen (Nederland) en met een korte waarschuwingstijd (een geografische grensconditie)
passen hogere veiligheidsstandaarden toe. Deze landen zijn dus meer afhankelijk van
overstromingsrisicomanagement portfolio’s met structurele maatregelen zoals dijken. Het
plaatsvinden van een zware overstroming creëert vaak ook een sterke vraag naar een andere
koers van overstromingsrisicomanagement.

Implicaties voor geïntegreerd beleid van overstromingsrisicomanagement
Dit proefschrift heeft aangetoond dat het verhogen van de implementatie van
overstromingsmitigatie maatregelen van huishoudens een goede complementaire strategie kan
zijn aan preventie van overstromingen. De analyses hebben aangetoond dat huishoudens in
overstroombare gebieden langs de Rijn in Duitsland hebben bijgedragen aan het beperken van
overstromingsschade en dus kunnen bijdragen aan het huidige en toekomstige geïntegreerd
beleid van overstromingsrisicomanagement.
Volgens de verwachte effecten van klimaatverandering zullen overstromingen in veel regio’s
vaker voorkomen en heviger worden. Overstromingen kunnen dan ook vaker gebieden met
beperkte ervaringen met overstromingen treffen. De verwachting is ook dat zeer kwetsbare
gebieden vaker getroffen zullen worden door overstromingen. Het is van belang om de
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implementatie van maatregelen die overstromingsschade beperken te bevorderen omdat een
groot gedeelte van huishoudens die op dit moment in kwetsbare gebieden wonen zulke
maatregelen niet hebben getroffen. Het overbruggen van het huidige gebrek aan kennis van
huishoudens in overstroombare gebieden is belangrijk om zo beter bij te dragen aan het
reduceren van overstromingsschade.
Hoewel het van belang is dat mensen op de hoogte moeten zijn van een risico voordat ze op
dit risico zullen reageren, wijzen de bevindingen van dit proefschrift uit dat de dominante
focus van het beleid op risicobewustzijn of percepties niet voldoende zal zijn om de beoogde
transitie naar geïntegreerd overstromingsrisicomanagement te bewerkstelligen. Voorts is
verondersteld dat een volledige focus op het verhogen van risicobewustzijn zou kunnen leiden
tot niet-beschermende reacties, zoals fatalisme, ontkenning en ‘wishfull thinking’. Gezien de
belangrijke rol die waarderingen van maatregelen om met overstromingen om te gaan (zoals
de uitvoerbaarheid en effectiviteit) spelen in het vertalen van hoge risicopercepties in
beschermend gedrag, is het van belang om deze aspecten meer aandacht te geven in
risicocommunicatie
en
toekomstig
onderzoek
naar
voorbereidingsgedrag.
Risicocommunicatie zou dus moeten benadrukken dat overstromingsmitigatie maatregelen die
genomen worden op het niveau van huishoudens effectief zijn in het voorkomen en het
reduceren van overstromingsschade. Daarnaast moeten huishoudens praktisch worden
geadviseerd over hoe zulke maatregelen genomen dienen te worden.
Door de sterke invloed van ervaringen van overstromingen op het voorbereidingsgedrag van
huishoudens in overstroombare gebieden lijken additionele beleidsmaatregelen die vrijwillige
overeenkomsten overstijgen onvermijdelijk om ook in gebieden met weinig ervaringen met
overstromingen een adequaat niveau van voorbereidingen te bereiken. De bevinding dat
maatregelen die overstromingsrisico’s reduceren vaak positief worden gewaardeerd maar
vervolgens worden uitgesteld zolang deze niet als absoluut noodzakelijk zijn, toont aan dat er
ruimte is voor alternatief beleid om deze passiviteit te doorbreken. Zulke beleidsmaatregelen
zijn niet alleen van toepassing op de huidige overstroombare gebieden van de Rijn (zoals het
gebied dat gemiddeld eens in de 100 jaar overstroomd) maar zullen ook moeten anticiperen
op de effecten van klimaatverandering op overstromingsrisicozones. Zo zouden bijvoorbeeld
overstromingsverzekeringen financiële prikkels kunnen geven aan huishoudens om te
investeren in maatregelen die overstromingsrisico’s reduceren, zoals premiekortingen, of
advies kunnen geven over de juiste implementatie van deze maatregelen (“self-efficacy”). Dit
proefschrift heeft aangetoond dat Duitse verzekeraars grotendeels geen gebruik maken van
deze mogelijkheden. Een alternatieve aanpak van het lage niveau van voorbereidingen van
huishoudens met een hoog overstromingsrisico stelt strengere eisen voor
overstromingsbestendig bouwen in huidige bouwvoorschriften en draagt zorg voor een
verbeterde handhaving van deze bouwvoorschriften.
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Chapter 1
Introduction
1.1. Background and problem definition

There are two types of levees: those that have failed and those that will fail.
William Hammond Hall (California’s
first State Engineer, 1846-1934)

Despite the considerable efforts to reduce the risk of natural disasters, floods remain the most
frequent and devastating natural hazard worldwide (World Bank 2012). Destructive floods
such as those in Pakistan in August 2010 or in Thailand in October and November 2011
dominate the world’s headlines, and have large impacts on societies (Munich Re 2011, 2012).
While it has been possible to reduce the number of flood casualties in recent decades,
particularly in industrialized countries, for instance as a result of improved forecasting
(Hallegatte 2012), the economic losses and social disruptions caused by flood events remain
high (Figure 1.1) (World Bank 2012; European Environment Agency 2010).
In Europe as well, between 1998 and 2009 more than 213 major floods caused economic
losses of about €52 billion, the death of more than 1100 people, and the displacement of
approximately half a million people (European Environment Agency 2010). Two very severe
flood events occurred for instance along the Rhine in Western Europe in 1993 and 1995,
which together caused damage as high as €1 billion, and the evacuation of more than 200,000
people in the Netherlands (Engel 1997; Te Linde 2011). The disastrous floods in 2002 in the
Elbe and Danube catchment areas resulted in even higher losses, with economic damage
reaching €11.6 billion in Germany alone (Thieken et al. 2007).
In the future, flood risk, which in this thesis is defined as probability times damage, is
projected to further increase in many regions as a result of two complementary trends. On the
one hand, flood hazards are expected to become more frequent and more severe owing to the
effects of climate change on water resources (IPCC 2007). For instance, peak river discharges
and consequently flood probabilities are expected to increase in many places (te Linde et al.
2010; IPCC 2007). Furthermore, the effects of sea-level rise will also pose a serious challenge
to low-lying coastal cities around the world (Dircke et al. 2010; Aerts et al. 2012). On the
other hand, the on-going increased concentration of people and economic assets in floodprone areas is leading to a growing exposure to floods. This is because, despite the risk of
1

flooding, flood plains near water courses also provide suitable areas for human settlements
due to their fertile soils, easy means of transportation, and the availability of fresh water for
agricultural, industrial, and domestic use (Kummu et al. 2011). While increases in economic
flood losses observed in past decades have been predominantly attributed to increases in
exposure (Barredo 2009; Bouwer 2011), it is projected that the effects of climate change will
also increasingly contribute to growing loss trends in the coming decades (Bouwer 2011).
However, such risk projections are still beset with large uncertainties (e.g. Hall et al. 2005; te
Linde et al. 2011)

Figure 1.1: Number of reported flood events and economic losses (US$ billion, as of 2009)
caused by floods between 1950 and 2010 (Source: World Bank 2012; data EM-DAT/CRED )

Just as flood risk is continuously changing due to the projected effects of climate change on
water resources and increases in exposure, flood risk management is also constantly in a state
of flux and needs to be adapted to a changing environment (Bubeck et al. 2012c). Flood
management in Europe has long been dominated by technical flood prevention approaches
implemented by means of flood defence systems such as dykes, but the recent occurrence of
large-scale floods has forcefully demonstrated that a residual risk of flooding always remains,
as was already pointed out by William Hammond Hall in the 19th century. In the light of such
high-impact flood events in areas that were considered as ‘safe’, it has been increasingly
recognized that traditional flood protection needs to be complemented with non-structural
measures (Penning-Rowsell et al. 2006; Federal Environment Agency 2010), such as spatial
planning policies, risk transfer instruments, and private flood mitigation measures. Moreover,
it has been increasingly acknowledged that such non-structural measures are more flexible,
and thus more robust in the light of the considerable uncertainties associated with future
developments. Spatial planning policies aim at restricting and regulating further human
development in flood-prone areas, and thus prevent increasing exposure (e.g. Department for
Communities and Local Government 2010). Risk transfer instruments, such as flood
insurance policies, spread the economic risk of flood impacts, and reduce the financial burden
for an individual once a flood occurs. In addition, flood insurance policies can also contribute
to overall risk reduction, for instance, through stimulating the better preparedness of policy
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holders by rewarding precautionary behaviour with premium reductions (Aerts and Botzen
2011). Flood-damage mitigation measures implemented at the household level, such as
mobile flood barriers or flood-adapted building use, aim to prevent or reduce damage once a
flood occurs, and will be the focus of this thesis. Private flood mitigation measures (or: nonstructural measures), as defined in this thesis, refer to any measure undertaken by individuals
at the household level to reduce flood damage.
Flood management in Europe and on a global level has increasingly shifted to integrated risk
management approaches, including measures that reduce damage and exposure (de Moel et al.
2009; Büchele et al. 2006). The EU Flood Directive, which requires the Member States to
develop flood management plans on the basis of flood risk assessments, has added further
impetus to this trend in Europe (European Union 2007). Nowadays, the contribution of private
households to damage reduction by means of flood mitigation measures has become an
important component of integrated flood-risk management strategies in many countries
(Bubeck et al. 2012c). In Germany, for instance, the responsibility of private households to
flood damage reduction has been increasingly emphasized and embedded into flood risk
management in response to the severe floods in 1993 and 1995 along the Rhine and Meuse,
and in 2002 along the Elbe and Danube (Federal Environment Agency 2010; Bubeck et al.
2012c). Previous research indicated that private flood mitigation measures are effective in
reducing damage and are cost-effective in many situations (Kreibich et al. 2005; Olfert 2008;
Kreibich et al. 2011a), showing a benefit-cost ratio larger than one in areas with flood a
return-period of up to 50 years (Kreibich et al. 2011a). However, despite the growing
importance of private flood mitigation measures in contemporary integrated flood risk
management, knowledge on them remains scarce. This refers in particular to the following
five aspects:
First, even though non-structural measures are supposed to contribute to offsetting the
projected increases in flood risk, the magnitude and pace of the projected risk increase, as
well as the independent contributions of climate change and socio-economic development to
this increase, are often unknown. Moreover, estimates from flood-risk scenario studies, which
examine the range of possible developments in risk, are still associated with large
uncertainties (e.g. Hall et al. 2006; Bouwer et al. 2010). A good knowledge about the
magnitude, pace, and drivers of future increases in risk, as well as the uncertainties
surrounding these developments, is essential, because all this constitutes the risk environment
in which private flood mitigation measures are supposed to play an important damagereducing role.
Second, information on the long-term development of the implementation of private flood
mitigation measures, which indicates changes in vulnerability over time, has hitherto not been
available. Such knowledge is important, since a good understanding about changes in past
vulnerability is an essential precondition to anticipate the future (John 1998), for instance, in
scenario studies of future flood risks. Furthermore, information on the current level of
implementation of flood mitigation measures among flood-prone households is only
sporadically available and often just confined to specific regions (e.g. Thieken et al. 2007).
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Moreover, only a few studies have examined the damage-reducing effect of flood mitigation
measures on the basis of empirical damage data collected at the household level (e.g. Kreibich
et al. 2005). Information on the current implementation level of flood mitigation measures and
their damage-reducing effect are essential to assess the effectiveness of contemporary
integrated flood-risk management and of flood alleviation schemes, such as, for instance, the
‘Rhine Action Plan on Floods’ (ICPR 2005).
Third, even though previous studies indicate that private flood mitigation measures effectively
reduce damage and are cost-effective in many situations (Kreibich et al. 2011a), it is often
observed that flood-prone residents do not sufficiently prepare for possible flood events,
resulting in their high vulnerability (Kunreuther and Erwann 2009). In order to effectively
stimulate precautionary flood behaviour as part of contemporary integrated flood risk
management, better knowledge of the factors that influence individual’s decisions to protect
themselves against flood impacts is therefore essential. Such effective risk communication is
needed to increase the preparedness of the population facing flood risk, in order to
successfully manage the transition from traditional flood control approaches to integrated
flood-risk management in Europe and worldwide. Since risk perceptions have dominated the
literature on flood mitigation behaviour, and because risk-awareness raising is an important
element of current and envisaged flood management (European Union 2007), it is imperative
to understand the role that risk perceptions play in prompting private precautionary behaviour.
Moreover, other factors, such as flood-coping appraisals, have received considerably less
attention in the literature on flood mitigation behaviour, even though the few existing studies
on this topic, have indicated that these appraisals are consistently related to precautionary
behaviour (e.g. Grothmann and Reusswig 2006). Flood-coping appraisals refer to an
individual’s estimate of the effectiveness of a certain measure, the financial and emotional
cost associated with it, and whether he or she feels capable to actually undertake it (Rogers
and Prentice-Dunn 1997).
Fourth, an additional limitation of the current literature on flood risk perceptions and
mitigation behaviour is that these studies have been predominantly conducted in Europe, the
USA, and other developed countries (Bubeck et al. 2012a). Studies from developing countries
are mostly lacking, but such studies are important to confirm whether the main findings of
studies in developed countries also apply in a different socio-economic and cultural setting,
and can thus be generalized cross-culturally. This lack of knowledge is problematic, since it is
especially these developing countries, which already face major impacts from flooding, that
will be most heavily affected by the effects of climate change (Few 2003; Tran et al. 2010;
The World Bank 2012).
Fifth, while there is a general trend towards integrated flood risk management concepts, the
initial situation in the various countries is very different. The Netherlands, for instance, has
focussed for a long time solely on structural flood defences, and has only recently started to
consider additional complementary measures. Other countries, such as the UK, have
implemented flood-risk management approaches, in which non-structural measures play a key
role. This raises the question whether factors (or ‘drivers’) can be identified that can explain
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differences between countries in terms of the adopted flood-risk management portfolio, and in
terms of the changes to these systems. Such insights are of interest, as they broaden the
perspective on how and why institutional change occurs, in which private flood mitigation
measures are embedded.

1.2. About this thesis:
1.2.1. Research questions
In order to address the issues raised in Section 1.1, the main objective of this thesis is to
examine the contribution that private flood mitigation measures can make to a changing risk
and risk management environment in terms of their damage-reducing potential and their level
of implementation. This is done by analysing the following multidisciplinary research
questions:
1. What changes in flood risk can we expect in the coming decades, and what are the
independent contributions of climate change and increases in exposure to these
developments?
2. How uncertain are flood damage projections with respect to the application of
different flood damage models?
3. How did flood damage mitigation measures implemented by private households
develop over time, and what was the damage-reducing effect of these measures during
past flood events?
4. What is the relation between flood risk perceptions, the mitigation behaviour of floodprone residents and their demand for governmental risk reduction?
5. Which factors, other than risk perceptions, influence flood mitigation behaviour, and,
in particular, what is the influence of the different components of flood-coping
appraisals on the latter?
6. Can we identify environmental factors, drivers, and feedback mechanisms that can
explain why countries opt for different flood-risk management portfolios?

1.2.2. Research methods
A wide range of research methods has been applied in this thesis to answer the research
questions formulated in Section 1.2.1. Potential developments of future flood risks and the
uncertainties associated with these developments were estimated by means of flood damage
and catastrophe risk modelling in a GIS environment (Klijn et al. 2007; Bouwer et al. 2009)
(research questions 1 and 2). The Damage Scanner Model and the Rhine Atlas Model used in
these two chapters were employed because they estimate damage on the basis of information
on land use and are thus suitable for meso-scale assessments, such as the ones in chapters 2
and 3. Moreover, both models are frequently employed to estimate potential flood damage in
the study areas, namely the Rhine basin, making them interesting for a comparative study
such as the one presented in chapter 3.
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To gain better insights into the relationship between flood risk perceptions and mitigation
behaviour, a literature review has been conducted of 16 peer-reviewed studies that together
examine the relationship between one or several independent variables and households’
adoption of flood mitigation measures among 12,000 respondents from 7 countries by means
of correlation or regression analyses, or by comparing the means of these variables between
groups. The same literature study also provided the basis for a review of factors that have
been examined by peer-reviewed studies in terms of their influence on flood mitigation
behaviour (research questions 4 and 5).
Protection Motivation Theory (PMT) is used as a theoretical framework in chapter 5, and two
of its main components are examined in greater detail in chapters 6 and 7 of this thesis. In
chapter 5, PMT is used to provide insights into the relationship between risk perceptions and
flood mitigation behaviour. In chapter 6, a specific component of PMT is examined, namely
‘threat appraisal’, which is comprised of perceived probability and perceived consequence.
Chapter 7 focuses on another main component of PMT, namely ‘coping appraisal’. This
cognitive process is comprised of the three variables ‘response efficacy’, ‘self-efficacy’, and
‘response cost’ (Milne et al. 2000; Floyd et al. 2000). Response-efficacy addresses to what
extent an individual believes that a protective measure effectively reduces a risk. Self-efficacy
reflects the belief of a person as to whether he or she is personally able to actually carry out
the specific measure. Response costs are the person’s estimate of how costly it would be for
him or her to actually implement the particular risk-reduction measure. Moreover, chapter 7
presents an extended version of PMT, including ‘threat appraisal’, ‘protective’ and ‘non
protective responses’ as well as geographic and socio-economic characteristics.
PMT has been selected as theoretical framework for chapters 5, 6 and 7, given its wide
application in the literature on health-related behaviour and beyond (Weinstein, 1993, Milne
et al. 2000). Moreover, meta-analyses of PMT studies have shown its suitability to capture the
process of decision making in response to threats (e.g. Floyd et al. 2000), making it an
interesting framework to adopt for this thesis regarding behaviour towards natural hazards.
To collect empirical data at the household level on flood experience, flood damage to contents
and building structures, as well as flood mitigation behaviour and its influencing factors,
questionnaires were developed. These questionnaires were administered to 752 households
along the German part of the Rhine in April, May and June 2011 by means of computer-aided
telephone interviews. In central Vietnam, 300 face-to-face interviews were carried out by
trained and experienced local interviewers, both male and female, in August 2009.
A range of statistical analyses have been conducted on these survey data to examine research
questions 3, 4 and 5. Box-whisker plots, in combination with the Wilcoxon signed-rank test,
are used to assess the damage-reducing effect of flood mitigation measures during two
consecutive flood events (research question 3). The relation between risk perceptions and the
intention of flood-prone residents to undertake flood mitigation measures in central Vietnam
was examined by means of correlation and multiple linear regression analyses (research
question 4). To examine the influence of flood-coping appraisals and other factors on four
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different types of mitigation behaviour in Germany, logistic regression analyses were applied
(research question 5).
To identify environmental factors and feedback mechanisms that can explain differences
between countries in terms of applied flood-risk management portfolios and changes
regarding the latter, insights from a range of theoretical concepts from policy science were
used in an integrated way, in particular, Easton’s system theory (research question 6) (Easton,
1957; Kingdon, 1995; Sabatier, 1998; Haas, 1992; Baumgartner and Jones, 2002; True et al.,
2007; North, 1990).

1.2.3. Outline of the thesis
This thesis comprises nine chapters, which are based on articles that have been published in,
or, are currently being reviewed by international peer-reviewed scientific journals (Figure
1.2). Chapter 1 introduces the background and problem description of this thesis, and outlines
the main research questions. Chapter 2 presents a scenario study of changes in future flood
risk from extreme events along the River Rhine, and examines the independent contribution
of climate change and socio-economic changes to these developments (research question 1).
The uncertainties stemming from the application of different damage models in such scenario
studies are addressed in detail in Chapter 3 (research question 2). The long-term development
of flood mitigation measures, their current level of implementation among private households
along the Rhine, and their damage-reducing effect during two consecutive flood events in
1993 and 1995 are all assessed in Chapter 4 (research question 3). The relationship between
flood risk perceptions and mitigation behaviour, as well as a review of a wide range of factors
which can potentially influence flood mitigation behaviour, is provided in Chapter 5 (research
questions 4 and 5). Chapter 6 examines the relationship between flood risk perceptions and
the intention to undertake flood mitigation measures, as well as the demand for governmental
risk reduction in a different economic and cultural environment: namely, in central Vietnam
(research question 4). Chapter 7 provides detailed insights into the influence of the
independent components of flood-coping appraisals on four different types of flood mitigation
behaviour by flood-prone households along the Rhine (research question 5). Environmental
factors and feedback mechanisms that can explain differences in flood-risk management
portfolios adopted by various countries are discussed in Chapter 8 (research question 6).
Overall conclusions are provided in Chapter 9, which also discusses the implications of the
findings of this thesis for contemporary integrated flood risk management.
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Chapter 2
Future flood risk estimates along the river Rhine*
Abstract
In Europe, water management is moving from flood defence to a risk management approach,
which takes both the probability and the potential consequences of flooding into account. It is
expected that climate change and socio-economic development will lead to an increase in
flood risk in the Rhine basin. To optimize spatial planning and flood management measures,
studies are needed that quantify future flood risks and estimate their uncertainties. In this
paper, we estimated the current and future fluvial flood risk in 2030 for the entire Rhine basin
in a scenario study. The change in value at risk is based on two land-use projections derived
from a land-use model representing two different socio-economic scenarios. Potential damage
was calculated by a damage model, and changes in flood probabilities were derived from two
climate scenarios and hydrological modelling. We aggregated the results into seven sections
along the Rhine. It was found that the annual expected damage in the Rhine basin may
increase by between 54% and 230%. While the major part (about three-quarters) can be
accounted for by climate change in our study, it has to be borne in mind that potential
increases in capital value are not considered in our study. The influence of socio-economic
development as a potential driver of risk may therefore underestimated in this study. The
highest current potential damage can be found in the Netherlands (€110 billion), compared
with the second (€80 billion) and third (€62 billion) highest values in two areas in Germany.
Results further show that the area with the highest fluvial flood risk is located in the Lower
Rhine in Nordrhein-Westfalen in Germany, and not in the Netherlands, as is often perceived.
This is mainly due to the higher flood protection standards in the Netherlands as compared
with Germany.

This chapter was published as A. te Linde, P. Bubeck, J.E.C. Dekkers, H. de Moel and J.C.J.H. Aerts (2011)
Future flood risk estimates along the river Rhine, Natural Hazards and Earth System Sciences, 11, 459-473.
*

This chapter was published before in the doctoral thesis of Te Linde (2011). It has been also included as a
complementary chapter in this thesis due to its close topical relation to chapter 3 and the substantial contribution
the candidate made to this work.

2.1. Introduction
Over the last couple of decades Europe has witnessed a growth in the scale and frequency of
extreme natural disasters. Storms and floods are the most frequent and costly extreme weather
events occurring in Europe, representing 69% of the overall natural catastrophic losses. For
example, flooding in the Elbe basin in 2002 caused approximately €11 billion of economic
damage in Germany, only (Thieken 2007). Total damage of the summer floods in 2007 in the
UK amounted to €4 billion (Environment Agency 2007). In 2010, Poland suffered from major
floods, of which the total damage is yet unknown. When focusing on the Rhine basin in
North-West Europe, flood events in 1993 and 1995 caused together damage as high as €1
billion (Engel 1997).
The impact of flood events on societies and economies in the Rhine basin is likely to increase
further as a result of two complementary trends. First of all, climate change is expected to
increase the frequency and magnitude of flood peaks in the Rhine basin (Hooijer et al. 2004;
Pinter et al. 2006). Annual maximum peak discharges are expected to increase by 3–19% in
2050 due to climate change (Kwadijk 1993; Middelkoop et al. 2001; Vellinga et al. 2001). Te
Linde et al. (2010) estimate an increase in the occurrence of an extreme 1/1250 per year flood
event in the Lower Rhine delta by a factor of three to five in 2050. Secondly, the economic
impact of natural catastrophes is increasing due to the growing number of people living in
areas with a high flood exposure level, as well as the increased economic activity in these
regions (e.g. Bouwer et al. 2007). The International Commission for the Protection of the
Rhine (ICPR) estimated an increase in potential damage in flood-prone areas in the Rhine
basin of 23% between 1995 and 2005 (ICPR 2005).
These projected trends have led to an increased interest in a risk-based approach in water
management, addressing both the probability and potential consequences of flooding (Merz et
al. 2004; Büchele et al. 2006; De Bruijn and Klijn 2009; Kreibich and Thieken 2009). Such an
approach, for example, is currently stimulated by the EU Flood Directive 2007/60/EC
(EuropeanUnion 2007), obliging member states to create flood risk maps and basin-wide
flood risk management plans (de Moel et al. 2009).
Quite a lot of literature exists on how the discharge regime in the Rhine may alter due to
climate change (Kwadijk 1993; Middelkoop et al. 2001; Menzel et al. 2006; te Linde et al.
2010). However, in terms of land-use change and flood-damage potential only a few studies
exist. The ICPR uses the Rhine Atlas approach to estimate aggregated flood damage for the
whole Rhine basin (ICPR 2001, 2006). The Rhine Atlas damage evaluation has some flaws,
though, for two reasons. Firstly, it has been recognized that the Rhine Atlas yields rather low
damage potential values for different land-use classes compared to other studies and probably
underestimates potential flood damage (Thieken et al. 2008; de Moel and Aerts 2011).
Secondly, the Rhine Atlas differentiates between only six different land-use classes; it uses a
single urban class, whereas differentiation between urban classes for flood damage estimates
is essential (Apel et al. 2009).

10

Research, however, on assessing current and future flood risk (addressing both flood
probability and potential damage) is still in its early stages and a basin-wide assessment of
flood risk is lacking. For the Rhine delta in the Netherlands two studies are available that
calculate current and future flood risks (Aerts et al. 2008; Bouwer et al. 2010). These authors
use a method in which the results of flood depths and land-use information are combined
within a flood damage model. In this method projected land-use simulations using a land-use
model are combined with inundation information to derive potential flood damages using
stage-damage curves (Merz et al. 2007). Flood risk (in terms of expected annual damage) is
assessed by multiplying the potential damage with the probability associated with the
inundation information. Climate change is taken into account by simulating future discharges
and probabilities using climate change scenarios as input for hydrological models (e.g. Te
Linde et al., 2010). In addition to a current and future perspective, De Moel et al. (2011) also
assessed the historical trends in the 20th century for flood damage in the central part of the
Netherlands.
In order to conduct an assessment for trends in flood risk (in terms of flood probabilities and
flood damage) for the Rhine basin we need to address the following two research issues. (1) A
land-use model for the Rhine basin does not exist, and hence it is difficult to estimate future
land use and potential flood damage. (2) Furthermore, despite existing research focusing on
the (future) hydrology of the Rhine (e.g. Kwadijk 1993; Middelkoop et al. 2001; Bronstert et
al. 2002), few estimates exist for changes in future trends of low probability events. For the
latter issue, climate impact simulations are required that allow for extreme value analysis
techniques (Raff et al. 2009; te Linde et al. 2010).
The goal of this paper is, therefore, to estimate current and future flood risk for the entire
Rhine basin in a scenario study. For this, we first assessed changes in flood probability at
various locations along the Rhine using climate scenarios and hydrological models. Second,
we developed a land-use simulation model for the Rhine basin to generate future changes in
land use. Third, these future land-use maps were used to estimate potential flood damage in
flood-prone areas using a damage model. Finally, we multiplied flood probabilities with flood
damage to derive current and future flood risk for the Rhine basin.
The remainder of this paper is organized as follows. Section 2.2 describes the case study area.
Section 2.3 provides a description of the data and research method we used. Results are
presented in Sect. 2.4 after which we discuss these results and provide conclusions in Sect.
2.5.

2.2. Case study area: the Rhine basin
The river Rhine originates in the Alps in Switzerland, forms part of the boundary between
France and Germany and continues flowing through Germany before it enters the Netherlands
at Lobith (Fig. 2.1a). The Rhine is one of the most important industrial transport routes in the
world and connects one of the largest sea harbours, the port of Rotterdam, to the inland
European markets and its large industrial complexes (Jonkeren 2009). About 58 million
people inhabit the river basin, of which 10.5 million live in flood-prone areas (ICPR 2001).
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The average discharge at Lobith in the Lower Rhine is 2200m3 s−1 and the maximum
observed discharge was 12 600m3 s−1 in 1926 (Pinter et al. 2006).
Water management has heavily influenced the characteristics of the Rhine. Prior to the 19th
century, the Rhine was a multi-channel braided river system upstream of Worms and
meandering from that point downstream. However in order to reduce flooding, the Upper
Rhine was canalized between 1817 and 1890 (Blackbourn 2006). Furthermore, to aid
shipping, engineers further rectified and canalized the main branch until 1955, causing
additional acceleration of flood wave propagation in the Rhine (Lammersen et al. 2002).
The basin area is 185,000 km2 and in particular the flood-prone areas in the basin are densely
populated (Fig. 2.1b). Hence, flood management has predominantly focused on major dike
reinforcements along the Rhine over the last 20–30 years. Safety levels vary from 1/200 to
1/500 per year in Germany to 1/1250 and 1/2000 per year in the Netherlands. The design
discharge that is associated with a safety level of 1/1250 per year (the discharge used when
designing flood defences) is estimated at 16000m3 s−1 (Ministry of Transport 2006, Fig. 2.1a).
Due to lower safety levels in Germany, floods may occur at upstream sections in Germany
while the Dutch dike system will still prevent huge areas from inundation downstream
(Gudden 2004; Apel et al. 2006).

Figure 2.1: Maps of the Rhine basin: (a) (estimated) safety levels and (b) land use in the
reference situation. Figure (b) also shows the potentially inundated area due to fluvial
flooding from the Rhine.
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2.3. Data and methods
In this study, we estimate (changes in) future flood risk along the river Rhine using a scenario
approach. A scenario-based approach explicitly takes into account that future developments
are inherently uncertain and that there are several plausible trajectories of societal and
climatic changes. Therefore, the aim of scenarios is not to predict the future but to explore the
range of possible future developments (Hall et al. 2005).
We followed the steps displayed in Fig. 2.2 to estimate expected flood damage per year (risk)
for the reference situation and different future scenarios for the year 2030. Economic value of
land-use classes determines the potential flood damage in case of a flooding event. Current
land-use information was based on CORINE land cover data (Bossard et al. 2000). Future
changes in flood damage were estimated using a land-use model, simulating future land use
for two different socio-economic scenarios (see Sect. 2.3.1). Through combining existing
basin-wide flood inundation depth maps (see Sect. 2.3.2) with land-use information, potential
damage was calculated using a damage model (see Sect. 2.3.3). Flood risk was calculated by
multiplying potential flood damage with the accompanying flood probability for different
sections along the Rhine. Current flood probabilities were estimated using research by (ICPR
2006) and Silva and Van Velzen (2008) (Fig. 2.1a). Changes in flood probabilities were
calculated using a hydrological model and two climate change scenarios (te Linde et al. 2010)
(see Sect. 2.3.4).
The flood damage calculations were performed at spatial grids of 100×100m and aggregated
into seven regions along the Rhine (see regions A through G in Fig. 2.1a) and the entire basin
to calculate expected damage per year. The steps used in this method, as well as the data and
future scenarios, are described in detail below.

Figure 2.2: Flowchart of the method used for estimating future flood risk.
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2.3.1 Current and future land use
Current land use is based on the CORINE land cover map for 2000 (Bossard et al. 2000) that
has a resolution of 100×100 m. Future land-use projections from the EUruralis project exist
for the whole of the European Union for the year 2030 (Verburg et al. 2008). However, these
projections distinguish only a single urban land-use class and have a relatively low resolution
of 1×1 km, while it is important to have an accurate representation of urban land use in flood
damage simulations (Bouwer et al. 2009). This is illustrated by de Moel et al. (2011) who
show that urban land use contributes the largest share of flood damage (~80%), and because
maximum damages differ substantially between different urban classes in their damage model
(from €0.3 million hectare−1 for recreational areas to €9.1 million hectare−1 for high density
residential areas), differentiation within urban land use is desirable for flood damage
assessments.
To address this issue, we have set up a new and more detailed land-use model (the Land Use
Scanner) to downscale land-use projections from the EUruralis project, both spatially and
thematically. The Land Use Scanner for the Rhine basin is based on the method described by
(Hilferink and Rietveld 1999).
Land Use Scanner
The Land Use Scanner simulates future land use and is based on demand-supply interaction of
land, whereby different sectors compete for allocation of land within land suitability and
policy constraints (Loonen and Koomen 2009). The model has previously been applied in a
number of policy-related research projects in European countries (e.g. Wagtendonk et al.
2001; Koomen et al. 2005). It was recently applied in studies on the long-term development of
flood risk in the Netherlands and the evaluation of the effectiveness of various adaptation
strategies (e.g. Aerts et al., 2008; Bouwer et al., 2010). The land-use model for the Rhine
basin operates on a spatial resolution of 250×250m grid cells and provides information on 13
different land-use classes, such as infrastructure, nature, agricultural land and water, including
six different urban functions (Fig. 2.1b).
Table 2.1: Suitability maps used for the “Land Use Scanner”.
Category
Physical properties

Policy maps

Relational maps

Suitability Map
Peat bog, marsh, moor
Slope
Population density
density
Population
Nature 2000 sites
Flood retention areas
Flood zone (1/100 per year)
Flood zone (extreme event)
Distance to metropolitan areas
Distance to long-distance train stations
Distance to passenger railway stations
Distance to motorway exits
Distance to international airports
Distance to road network
Distance to major rivers
Neighbourhood statistics
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Extent
Basin
Basin
Basin
Basin
Basin
Germany
Basin
Basin
Basin
Basin
Basin
Basin
Basin
Basin
Basin
Basin

Source
CORINE
SRTM
LandScan
LandScan
DG Environment
ICPR / TU Dortmund
ICPR Rhine Atlas
ICPR Rhine Atlas
ESRI
TU Dortmund
TU Dortmund
TU Dortmund
ESRI
ESRI
ESRI
Own analysis

Scenarios and land-use claims
To be able to simulate future land-use patterns with the Land Use Scanner, the expected
increase or decrease of each land-use class (called “claims”) has to be defined. These claims
were derived from the EUruralis project (Verburg et al. 2008; Verburg and Overmars 2009).
In this project land-use projections and their underlying claims have been developed for four
socio-economic scenarios, in line with the four scenarios in the Special Report on Emissions
Scenarios (SRES) by (IPCC 2000). For the present study, two of these projections and their
land-use claims were selected: the “Global Economy” (GE) and the “Regional Community”
(RC) scenarios which can be regarded as the upper and lower boundaries of possible future
urban land-use change.
The “Global Economy” scenario reflects a future with high economic and population growth,
international economic integration as well as little environmental concern on behalf of
governments, resulting in a large increase in urban land-use functions with no restrictions on
urban sprawl. The “Regional Communities” scenario, on the other hand, represents a future
with low economic and population growth, a regional focus and strict environmental
regulations enforced by governments, resulting in a substantially lower increase in urban areas
and restrictions on urban sprawl.
We have used the NUTS3 level to derive land-use claims and as a starting point for our
downscaling. NUTS3 corresponds to level 3 administrative units under the Nomenclature of
Territorial Units for Statistics in Europe for which socio-economic data is available. These are
mainly rural districts and cities with more than 100,000 inhabitants. The land-use claims for
the two future scenarios were derived by assessing the decrease or increase of each land-use
class between the scenario projections and the baseline situation in 2000.
Downscaling
We spatially scaled down the land-use change projections from the NUTS3 polygons to
250×250 m, which is the required level of detail needed for the Land Use Scanner.
Furthermore, the single urban land-use class distinguished in the EUruralis projections was
distributed into five urban land-use classes; residential land use, commercial, recreation,
infrastructure and construction/mines. Using the CORINE 2000 land cover map the
percentage of the five different urban land-use categories of total urban land use was
calculated for each NUTS3 region within the study area. Subsequently, the total change in
urban land use was assessed by comparing the EUruralis projections for 2030 to the start year,
again at the NUTS3 regional level. The resulting change in total urban land use was then
distributed over the five urban land-use classes according to the previously established
divisions, taking into account the storylines for the two scenarios.
On top of differentiating the EUruralis urban land-use class, an extra residential class
representing high-density residential areas was defined using the LandScan population data
base (Oak Ridge National Laboratory 2009). This was done because the CORINE 2000 land
cover data makes very little distinction between high and low urban density residential areas.

15

Suitability maps
The land-use claims provide information on the scale of future land-use change but give no
indication as to where these claims might be realized. This allocation process is carried out by
the Land Use Scanner on the basis of suitability maps. These maps give a definition for every
location (grid cell) of its attractiveness for the different land-use types available, depending on
its current land use, physical properties, operational policies and expected relations to nearby
land-use functions (Ritsema van Eck and Koomen 2008). For example, a location (grid cell)
with a steep slope (physical property) that is situated in a nature protection area (operational
policy) and far away from existing urban infrastructure (relation to nearby land use) is thus
considered as highly unsuitable for the realization of a residential land-use claim. The
suitability maps can also be used to further reflect the effect of socio-economic scenarios and
thus the land-use change simulations by integrating flood-risk specific information. For
example, the regional communities scenario assumes a world with a regional focus and strict
environmental regulations enforced by governments. To reflect this, the 1/100 per year flood
zone, which is mainly embanked river foreland, is given a low suitability value for further
urbanization, a policy that has already been adopted in Germany. In contrast, the global
economy scenario assumes a world where governments have little environmental concern,
resulting in a large increase in urban land-use functions with no restrictions on urban sprawl.
We, therefore, simulated land use according to this scenario without limitations as far as the
1/100 per year flood zone is concerned. Moreover, the suitability of urban areas close to a
river course is increased in the global economy scenario as it is assumed that more people
would like to live near the water and are willing to pay for this location. This development has
also been observed in the past during periods of economic growth (ICPR 2006). An overview
of the suitability maps used for the Land Use Scanner for the Rhine basin is given in Table
2.1.

2.3.2. Inundation map
One of the inputs for the flood damage model is a map displaying the water depth of a
possible flooding event in the entire Rhine basin. Such a map was developed in 2001 by the
International Commission for the Protection of the Rhine (ICPR), known as the Rhine Atlas
(ICPR 2001). This atlas contains a collection of maps that displays the potential flooded area
in the Rhine basin at different flooding probabilities (1/10 per year, 1/100 per year, and
“extreme”, without a uniform probability estimate).
We used only the “extreme” situation to indicate the inundated area in the case of flooding,
since safety levels along the Rhine are all higher than 1/100 per year (Fig. 2.1a). Based on the
Rhine Atlas, we cannot predict how the flood extent will change in the future and therefore
we have assumed that the inundated areas for the reference situation and in 2030 are the same.
For the Netherlands, we have used flood risk maps made available by the Dutch government
that are based on multiple inundation model runs (Van den Berg et al. 2010). We have only
included inundated areas that are prone to flooding by the river Rhine and not areas that are
influenced by storm surges from the sea.
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2.3.3. Flood damage
Potential flood damage can be assessed in various ways, ranging from the use of very
detailed, object-based data to the use of aggregated asset values per hectare (or square meter)
for a certain land-use category (Messner et al. 2007). Given the spatial and temporal scale of
the present study, which looks at the development of flood risk on a basin-wide level in the
future, we used a simple damage model for land use categories, the Damage Scanner (Aerts et
al. 2008; Bouwer et al. 2009; Klijn et al. 2007). The Damage Scanner model was chosen for
this analysis, because it represents a widely used model for damage assessments in the Rhine
Basin. Moreover, it has been found that another frequently used model, the Rhine Atlas model
(ICPR, 2001), tends to underestimates potential flood damage (Thieken et al., 2008).
This model is based on two input parameters: water depth and land use. Potential damage is
calculated by the model using so-called damage functions that define for a land-use category
the damage that can be expected when a respective inundation level occurs.
The model applies damage functions for the 13 land-use classes distinguished by the Land
Use Scanner and reflects predominantly direct tangible damage caused by physical contact
between economic assets and flood water. Note that direct intangible losses such as loss of
life are not reflected by the model. However, the Damage Scanner also implicitly comprises
approximately 5% of indirect damages as a surcharge on direct damages. Indirect damages
refer to a loss of turnover due to business interruption during a flood event and can make up a
substantial share of total flood damage (RebelGroup 2007).

2.3.4. Climate change scenarios for changes in flood probabilities
Figure 2.1a shows current safety levels for seven regions along the main Rhine branch. In the
Netherlands, there is a legal standard for flood defence safety levels. In Germany, dike heights
are often legally defined and the related safety levels are estimated and described by ICPR
(2006) and Silva and Van Velzen (2008). The differences in safety levels were used to
distinguish the regions for which aggregated flood damage and flood risk can be calculated.
The seven regions have different surface areas. The larger the surface area, the larger the
aggregated damage and risk will be, since we assume that at the given probabilities the entire
region will flood. Nevertheless, we made no corrections in our results for the different surface
areas of the seven regions.
We assumed flooding occurs at probabilities corresponding to the safety levels in the
reference situation. Hence, we did not simulate flood damage due to dike failures that may
occur at lower probabilities and furthermore assumed that dike heights will not change in the
future. The current policy in the Netherlands, however, foresees adaptation of the flood
defences (i.e. dike heightening or lowering of the flood plains) when flood probability
increases in order to maintain current safety levels.
We used two climate change scenarios (a moderate and an extreme scenario) to estimate
future changes in flood probabilities along the main Rhine branch, which were taken from Te
Linde et al. (2010). The first climate scenario (referred to from now on as Wp) represents an
extreme climate change scenario, based on Van den Hurk et al. (2006) and describes the most
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extreme scenario out of four in terms of winter precipitation and resulting floods along the
Rhine in 2050. This climate scenario corresponds with a 2°C increase in global temperature in
2050 with respect to 1990 and changes in atmospheric circulation resulting in drier summers
and wetter winters. The second climate scenario (further referred to as “RACMO”) displays
more moderate climate change effects and follows the output of the RACMO2.1 regional
climate model (e.g. Lenderink et al. 2003; Van Meijgaard et al. 2008). This scenario
corresponds with the IPCC SRES-A1B scenario and projects more spatial variation in
meteorological changes than the Wp scenario does.
Both climate scenarios are available in time series of 35 years, and were resampled into time
series of 1000 years of daily data. These resampled times series were subsequently used to
drive the hydrological model HBV (Bergström 1976) and to simulate river discharges and
related flood peak probabilities (te Linde et al. 2010). By comparing current flood
probabilities with future flood probabilities, changes in flood-peak probability were derived
for the seven regions along the Rhine (see Table 2.2). Te Linde et al. (2010) evaluated
changes in flood probabilities between 1990 and 2050. Since the reference year in this study
is 2000, and the scenario year 2030, we divided the projected changes in flood probabilities
by Te Linde et al. (2010) by two in order to take the shorter timescale into account.
Table 2.2: Climate change scenarios for increased flooding probabilities in 2030. Flooding

probabilities (per year) for the reference situation are estimated based on literature. The
probability (p) increase is displayed as a factor (*estimate, based on Silva and Van Velzen
(2008) and on the Evaluation of the Action Plan on Floods (ICPR, 2005a)).
Region
Alpine A
Upper Rhine B
Upper Rhine C
Middle Rhine D
Lower Rhine E
Lower Rhine F
Delta G
1

Reference 1
p
1/200 (0.0050)
1/1000 (0.0010)
1/200 (0.0050)
1/200 (0.0050)
1/200 (0.0050)
1/500 (0.0020)
1/1250 (0.0008)
1/2000 (0.0005)

RACMO
p
1/139 (0.0072)
1/691 (0.0014)
1/160 (0.0062)
1/159 (0.0063)
1/134 (0.0075)
1/327 (0.0031)
1/673 (0.0015)
1/1080 (0.0009)

Wp
p
1/64 (0.0157)
1/261 (0.0038)
1/77 (0.0129)
1/80 (0.0125)
1/80 (0.0125)
1/162 (0.0062)
1/437 (0.0023)
1/702 (0.0014)

RACMO
p incr.
1.4
1.5
1.3
1.3
1.5
1.5

Wp
p incr.
3.1
3.9
2.6
2.5
2.5
3.1

1.9

2.9

Estimate, based on Silva and Van Velzen (2008) and on the Evaluation of the Action Plan on Floods (ICPR, 2005b)

2.4. Simulation results
2.4.1 Discharges and probabilities
Figure 2.3 shows an extreme value plot for annual maximum discharges at Lobith, for the
year 1990 and two climate change scenarios for 2050. The results represent 1000-year runs
for the reference and each climate change scenario (Wp and RACMO). From the simulation
results it can be derived that the discharge corresponding to a probability of 1/1250 per year at
Lobith increases by 16% for the Wp scenario and by 13% for the RACMO scenario. The
discharge currently corresponding to the 1/1250 event (about 16 000m3 s−1) will increase to
1/460 per year for the RACMO scenario and 1/265 per year for the Wp scenario, meaning the
18

probability increases by a factor of 2.7 to 4.7, respectively (te Linde et al. 2010). Similar
projected changes in flood probabilities are available for several locations along the Rhine
branch, representing the regions A through G in Fig. 2.1a with different safety levels. The
projected increases in flood probabilities for 2030 range from a factor of 1.3 to 3.8, depending
on region and climate change scenario (Table 2.2).

Figure 2.3: Extreme value distributions of annual maximum discharge at Lobith, and
Generalized Extreme Value (GEV) fits (lines) for the reference situation, and the RACMO
and Wp climate change scenarios for the year 2050 (adapted from Te Linde et al., 2010).

2.4.2 Land-use change
Table 2.3 shows surface percentages of land-use classes in the flood prone area of the Rhine,
according to the CORINE land cover map. Agriculture, cultivation and pasture have the
largest combined share of 71% in the reference situation. High and low density residential and
commercial areas comprise 17% of the total basin area. The RC scenario for 2030 displays by
far the largest increase in nature (110%), whereas residential and commercial areas each
increase on average by 19%. In the GE scenario, the residential and commercial areas each
increase on average by 44%. Both scenarios project a decrease in agricultural area (~−15%).
Cultivated area and pasture remain fairly stable in both scenarios (less than 6% change).
These trends are also illustrated in Fig. 2.4, showing output maps of the land-use simulations.
The map shows a clear increase in urbanized areas close to the river in the GE scenario,
whereas the increase in nature is the most apparent change in the RC scenario. These results
obviously correspond to the scenario descriptions that were used in the simulations (see Sect.
3.1.4).
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Table 2.3: Surface percentages of different land use classes in the flood prone area of the
Rhine basin, for the reference situation in 2000, and the RC and GE scenarios in 2030.
Percentages and Euros in Tables 2.3 through 2.7 are rounded to two significant digits.
Land use class
Residential High Density
Residential Low Density
Commercial
Infrastructure
Construction / mines
Recreation
Nature
Agriculture
Cultivation
Pasture

Reference
Area (%)

RC
Area (%)

GE
Area (%)

RC
Change (%)

GE
Change (%)

3.7
9.0
3.7
1.0
0.69
1.7
9.4
23
10
37

4.3
11
4.3
1.1
0.77
2.0
19
19
10
36

5.4
14
5.2
1.1
0.77
2.2
11
20
10
40

16
23
18
14
12
14
110
-16
2.3
-2.7

45
47
42
13
11
28
21
-15
1.7
5.9

Figure 2.4: Land use maps for the reference year 2000, and for 2030 under the RC and GE
socio-economic scenarios. The image is zoomed on the Lower Rhine near the border between
Germany and the Netherlands, and shows only land use types in flood-prone areas.
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2.4.3 Flood damage
Table 2.4 and Fig. 2.5a display the expected damage aggregated for the seven regions along
the Rhine. For the reference year (2000), we estimated the total potential damage for the
whole basin to be €300 billion. This is substantially more than the ICPR estimate of €200
billion (ICPR 2001). The ICPR damage estimates are, however, recognized to be rather low
compared to other methods and studies. Several land-use types such as residential and
commercial areas or agriculture have substantially lower maximum damage values compared
to the damage model applied in our study (for more details see ICPR 2001; Thieken et al.
2008). This can be explained, amongst others, by the observation that the results of the
Damage Scanner also comprise a share of, on average, 5% indirect damages, which is not
included in the Rhine Atlas estimates.
The expected damage gradually increases downstream. The delta in the Netherlands (region
G) is the largest and most densely populated region, and has therefore the highest potential
damage, both in the reference situation as well as in the future projections of both socioeconomic scenarios. Between the two scenarios, the RC scenario yields the lowest increase in
potential damage: 7.5% over the entire basin. In most regions potential damage changes little,
with the exception of the Lower Rhine region (F) (+18%). In some areas, such as the Middle
Rhine, the RC scenario even projects a decrease in potential damage. The GE scenario gives
an overall larger increase in potential damage (21%). Moreover, expected damage seems to
increase substantially in almost all regions, often by more than 15% and ranging up to 34%.
Results of expected damage per land-use class for the entire Rhine basin are presented in
Table 2.5. The potential damage of residential and commercial areas in the Rhine basin is
€200 billion, which comprises 63% of the total damage, and is projected to increase to €260
billion (RC) and €320 billion (GE) (Table 2.5). Agriculture, cultivation and pasture comprise
€93 billion damage (29% of the total damage), which is projected to decrease to €61 billion
(RC) and €63 billion (GE).
Table 2.4: Expected losses for different regions in 2000 and 2030 (at 2000 prices). (1The
estimate of the ICPR (2005b)).
Reference
€ billion

ICPR
20051

Scen RC
€ billion

Scen GE
€ billion

Scen RC
Change (%)

Scen GE
Change (%)

Alpine A
Upper Rhine B
Upper Rhine C
Middle Rhine D
Lower Rhine E
Lower Rhine F
Delta G

0.46
21
58
15
71
25
110

0.0
1.6
11
1.5
22

0.39
21
62
12
80
30
120

0.5
26
73
18
90
37
140

-0.18
1.8
5.9
-23
11
18
7.6

8.2
18
20
15
21
34
20

Total

300

320

380

7.5

21

Region

170
200
1995: 160

1
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Figure 2.5: Potential damage (a) and flood risk (b), aggregated to seven regions along the
Rhine.

Table 2.5: Expected losses for different land use categories in 2000 and 2030 (at 2000
prices).
Land use class

Reference
€ billion

RC
€ billion

GE
€ billion

Reference
(%)

RC
(%)

GE
(%)

RC
Chng (%)

GE
Chng (%)

Residential H D
Residential L D
Commercial
Infrastructure
Constr / mines
Recreation
Nature
Agriculture
Cultivation
Pasture

73
85
42
7.0
2.5
4.7
9.1
31
32
30

86
120
53
6.3
2.9
2.0
14
15
30
16

110
150
66
6.2
2.9
2.3
7.9
16
30
17

23
27
13
2.2
0.8
1.5
2.9
10
10
10

25
34
16
1.8
0.9
0.6
4.1
4.5
8.8
4.6

27
36
17
1.5
0.7
0.6
2.0
4.0
7.5
4.3

18
39
28
-11
19
-57
56
-49
-5.4
-48

46
72
59
-12
17
-51
-13
-47
-6.1
-43

2.4.4 Flood risk
Figure 2.5b shows estimates of expected annual flood damage in the reference year (2000) for
the seven regions along the Rhine. In contrast with potential damage (Fig. 2.5a), the highest
flood risk estimates are not found in the Dutch Delta (G), but rather in the Lower Rhine (E) in
the German state Nordrhein-Westfalen and in the Upper Rhine (C). This is the result of the
substantially higher flood protection levels in the Delta region G, which obviously determines
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and lowers the flood-risk estimates to a large extent. This also implies that uncertainties of
flood probabilities heavily affect the reliability of (future) flood-risk estimates in this region.
For the future risk projections, the RACMO climate scenario is combined with the RC socioeconomic scenario and Wp with the GE scenario. The combination RACMO-RC can be
considered as the lower estimate and Wp-GE as the upper estimate in the risk simulations.
Basin-wide results are displayed in Table 2.6. The flood risk estimates of the scenarios show a
large variation. In the reference situation, we estimate the basin-wide expected annual flood
damage to be €880 million on average per year. The RACMO-RC scenario projects the risk to
increase to €1400 million per year, an increase of 54%. The Wp-GE scenario projects a much
larger increase in flood risk, tripling it to €2900 million per year (an increase of 230%). The
contribution made by climate change is considerably larger than socio-economic change in
both scenario combinations. Due to climate change, basin-wide flood risk increases by 43160%, whereas land-use change results in an increase of 7.5-27% (Table 2.6). In order to
illustrate the relative increase of annual expected damage due to each of the driving forces, we
displayed the basin-wide flood risk scenarios in a bar chart (Fig. 2.6). The bar chart displays
the contributions to change in annual expected damage, from (a) climate change only, (b)
socio-economic change only, and (c) the combination of both impacts. Climate change
accounts for ~three-quarters (6/8) of the increase, whereas socioeconomic change only results
in ~1/8 of the total increase in annual expected damage. The combination of impacts adds the
remaining ~1/8 to both scenarios, respectively.
As this is the first assessment of basin-wide future flood risk, it is interesting to compare
different sections along the Rhine and to evaluate if differences with regard to the drivers of
future flood risk can be observed. To assess differences between regions along the Rhine,
Table 2.7 shows annual expected damage for seven regions. Bar charts similar to Fig. 2.6 are
shown in Fig. 2.7, but now disaggregated to seven regions along the Rhine. The bar charts
show large variations in base risk and flood risk projections between regions, and, like the
basin-wide projections, the dominant contribution of climate change to increased flood risk.
The Alpine area (A) and the Upper Rhine (B) display hardly any annual expected damage at
the vertical scale they are presented (less than €100 million per year). Just as we have seen in
Fig. 2.5b for the reference flood risk, projections for annual expected damage in 2030 are the
highest in the Upper Rhine (C) (up to €940 million per year in the Wp-GE scenario, an
increase of 220%) and the Lower Rhine (E) (up to €1100 million per year, an increase of
210%). The Middle Rhine (D), the Lower Rhine up to the Netherlands (F), and the Dutch
Delta (G) show risk projections of between €220 and €310 million per year in the Wp-GE
scenario.
For the different regions, the relative contribution of climate change to increased flood risk
varies between 5/8 and 7/8, whereas socio-economic change results in zero to 2/8 of the total
increase in annual expected damage.
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Table 2.6: Basin-wide annual expected losses (risk) in € million per year. The factor of
change is displayed in brackets. The reference year is 2000 and the scenarios represent 2030.
Socio-economic scenario
Reference
Climate scenario Reference

RC

GE

880

950 (7.5 %)

1100 (27 %)

RACMO

1300 (43 %)

1400 (54 %)

1600 (81 %)

Wp

2300 (160 %)

2500 (180 %)

2900 (230 %)

Figure 2.6: Basin-wide annual expected flood damage (risk) for 2030, compared to the
reference situation.
Table 2.7: Annual expected losses (risk) in € million per year for different regions in 2000
and 2030 (at 2000 prices).
Region
Alpine A
Upper Rhine B
Upper Rhine C
Middle Rhine D
Lower Rhine E
Lower Rhine F
Delta G
Total

Reference situation
p
€ billion € million/yr-1
0.0050
0.46
2.3
0.0010
21
21
0.0050
58
290
0.0050
15
77
0.0050
71
350
0.0020
25
49
0.0008
110
87
0.0005
300

RACMO and RC
p
€ billion € million/yr-1
0.0072
0.39
2.8
0.0014
21
31
0.0062
62
390
0.0063
12
78
0.0075
80
590
0.0031
30
91
0.0015
120
180
0.00093

880

320

24

1400

Wp and GE
p
€ billion € million/yr-1
0.0157
0.50
7.9
0.0038
26
98
0.0129
73
940
0.0125
18
220
0.0125
90
1100
0.0062
37
230
0.0023
140
310
0.0014
380

2900

Figure 2.7: Annual expected flood damage, for the reference situation and projections for
2030, aggregated into seven regions along the Rhine.

2.5. Discussion and conclusions
The aim of this paper was to estimate future flood risk in 2030 for the entire Rhine basin. We
took the year 2000 as a reference and used scenarios in a model simulation to assess changes
in flood probability due to climate change, and to assess changes in potential damage due to
land-use change. The combined simulations provided different projections for future flood
risk.
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It was found that, in absolute terms, potential flood damage is highest in the Dutch Delta
region (G), namely €110 billion, compared to €71 billion of the second highest value in the
Lower Rhine region (E). Flood risk (damage × probability) is, on the other hand, much higher
in other regions, most notably in the Lower Rhine region E (€350 million per year) and the
Upper Rhine C (€290 million per year), whereas the Dutch Delta region (G) only reaches €87
million per year.
Our research further projected that flood risk in the Rhine basin will not be stationary and
might considerably increase over a period of several decades. Expected annual damage in the
entire Rhine basin may increase by between 54% and 230%, due to socio-economic and
climate change. The results display large variations in current risk and flood risk projections
between regions along the Rhine. The increase in flood risk can mainly be attributed to
increasing probabilities of flood peaks due to climate change (43-160%, which is ~6/8 of the
total risk increase), whereas socioeconomic change accounts for 7.5-27% increase, which is
~1/8 of the total risk increase. This is in contrast with the findings of Bouwer et al. (2010),
who found, for a Dutch polder, that the effects of socio-economic change and climate change
are similar in magnitude (climate change: 46-201% increase; socio-economic change: 35172% increase, which resulted in an estimated total increase of between 96 and 719%).
However, they used 2040 as scenario year, while we addressed 2030. Also, Bouwer et al.
(2010) included projections for increasing capital value in their socio-economic scenarios, in
addition to projections for land-use change. This accounts for the major part of their estimate
of the contribution from socio-economic change to total flood risk. When wealth increase is
not included in Bouwer et al. (2010), the relative change in flood risk is much more similar
(socio-economic change inflicts an increase of 3-44%). Since a possible wealth increase was
omitted in this analysis due to a lack of reliable future projections for the entire basin, it
should be noted that the influence of socio-economic risk drivers may be underestimated in
our study. Our method provides a more comprehensive assessment of basin-wide flood risk
in the Rhine than was previously possible as existing studies either assessed flood risk in the
Netherlands or in upstream areas in Germany (Apel et al. 2004; Klijn et al. 2007; Aerts et al.
2008; Bouwer et al. 2010). Furthermore, our method enables basin-wide scenario projections
for future land use and potential damage, by integrating a land-use model with a damage
model at a high spatial resolution.
We have shown that expected annual damage depends heavily on estimated floodprobabilities. Further work might focus on acquiring actual safety levels along the Rhine in
more detail, by analyzing dike heights and water levels. In reality, there are no jumps in dike
height or thus in safety levels along the Rhine between countries or Bundesländer, as we
assumed here, but instead the shift is gradual. In addition, due to dike failure processes such
as piping, the actual flood-probability might be much higher than the probabilities of flood
events dikes are designed to cope with (Ministry of Transport Public Works and Water
Management 2006). On the other hand, due to over dimensioning of dikes, flood probabilities
can also be much lower than currently perceived. Understanding this requires more research,
which is on-going in detail in the Netherlands (Ministry of Transport Public Works and Water
Management 2006), but, to our knowledge, not on a large scale in Germany and France.
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Flood damage estimates contain uncertainties related to the choice of the damage model and
the simulation of inundation depth. The uncertainty in absolute damage estimates and
increases can be considerable when applying damage models (Apel et al. 2009; Merz and
Thieken 2009; de Moel and Aerts 2011). However, the relative damage increase (increase as a
percentage compared to the reference) is much more robust de Moel and Aerts (2011). For
this reason, the absolute values of flood risk increase presented in this paper should also be
interpreted with care.
In our approach, we assumed for the Netherlands that all areas (“dike rings”) will inundate
during a flooding event, while they might only partly flood in reality. Therefore, both basinwide potential damage, as well as expected annual damage, does not provide information on
the damage of a single event. For the part of the Rhine basin upstream of the Netherlands, we
used inundation maps from the Rhine Atlas (ICPR 2001) that are to date the best available.
The Rhine Atlas assumes flood prone areas to inundate completely. However, several 2-D
hydrodynamic inundation simulations for the Lower Rhine (Lammersen 2004) showed that
the flood-prone areas do not always entirely inundate, depending on breach locations and
flood wave characteristics. We therefore recommend more inundation calculations upstream
of the Netherlands which are currently only incidentally available, in order to aid further flood
risk assessments.
Finally, the implementation of flood defence measures, such as retention basins and dike
heightening, might prevent the increase in flood probability due to climate change, and thus
the contribution of climate change to flood risk. This requires a thorough analysis of the
effectiveness of flood management measures under different climate change scenarios. Spatial
planning policies and damage mitigation measures and risk transfer mechanisms, such as
flood proofing of buildings and insurance, might further reduce flood risk. Such flood risk
decisions may have implications for several decades. Therefore, flood risk management needs
to deal with expected climate and socio-economic changes (Merz et al. 2010a).
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Chapter 3
Uncertainties of flood damage projections resulting from the
application of different flood damage models
Abstract
Flood damage modelling is an important component in flood risk management, and several
studies have investigated the possible range of flood damage in the coming decades.
Generally, flood damage assessments are still characterized by considerable uncertainties in
stage-damage functions and methodological differences in estimating exposed asset values.
The high variance that is commonly associated with absolute flood damage assessments is the
reason for the present study to investigate the reliability of estimates of relative changes in the
development of potential flood damage. While studies that estimate (relative) changes in flood
damage over time usually address uncertainties resulting from different future projections
(e.g. land-use characteristics), the influence of different flood damage modelling approaches
on estimates of relative changes in the development of flood damage, is largely unknown. In
this paper, we evaluate the reliability of estimates of relative changes in flood damage along
the river Rhine between 1990 and 2030, in terms of different flood-damage modelling
approaches. The results show that relative estimates of flood damage developments differ by a
factor of 1.4. These variations which result from the application of different modelling
approaches are considerably smaller than differences between the approaches in terms of
absolute damage estimates (by a factor of 3.5 to 3.8), or than differences resulting from future
land-use projections (by a factor of 3). The differences that exist when estimating relative
changes principally depend on the differences in damage functions. In order to improve the
reliability of relative estimates of changes in the development of potential flood damage,
future research should focus on reducing the uncertainties related to damage functions.

This chapter was published as P. Bubeck, H. de Moel, L.M. Bouwer and J.C.J.H. Aerts, (2011) How reliable are
projections of future flood damage?, Natural Hazards and Earth System Sciences, 11, 3293-3306.

3.1. Introduction
In recent years, flood management throughout Europe has gradually shifted from what are
called ‘flood control approaches’ to more integrated concepts, referred to as ‘flood risk
management’. While flood control approaches predominantly focused on preventing flood
events with specific pre-defined return periods, flood risk management also takes into account
the expected consequences of flooding, such as direct economic losses or loss of life (Büchele
et al. 2006; de Moel et al. 2009; Merz et al. 2010b). Risk in this context is defined as
‘probability times damage’, and thus describes the expected damage that can occur or will be
exceeded with a certain probability in a certain period (e.g. Merz et al. 2010b).
Following this shift to risk-based approaches, there has been an increasing interest in flood
impact assessment and especially the estimation of direct economic losses (Dutta et al. 2003;
Merz et al. 2004; Hall et al. 2005; Penning-Rowsell et al. 2005; Thieken et al. 2005; Bouwer
et al. 2009; Luino et al. 2009; Kreibich et al. 2010). Knowledge of potential flood damage has
a great importance for, inter alia, the identification of people and assets at risk, the planning
and evaluation of effective flood mitigation and control measures, the creation of flood risk
maps for awareness raising, and the calculation of flood insurance premiums (Messner et al.
2007; Merz et al. 2010b). Furthermore, flood damage is projected to increase in the coming
decades owing to on-going development in flood-prone areas and the projected effects of
climate change on river discharges, and consequently flood probabilities (Middelkoop et al.
2001; IPCC 2007; te Linde et al. 2010). Against this background, a growing number of
studies have estimated the range of possible changes in the development of future flood
damage in Europe (Hall et al. 2005; Aerts et al. 2008; ABI 2009; Feyen et al. 2009; Maaskant
et al. 2009; Bouwer et al. 2010; te Linde et al. 2011).
Generally, flood damage assessments are still characterized by significant uncertainties
associated with stage-damage functions, as well as methodological differences in estimating
the exposed asset values linked to these curves (Merz et al. 2004; Apel et al. 2008; Apel et al.
2009; Freni et al. 2010; Merz et al. 2010b; de Moel and Aerts 2011). While further efforts are
currently being undertaken to reduce the uncertainties of flood loss assessment, it can be
assumed that considerable uncertainty will remain in the coming years (Jonkman et al. 2008;
Maaskant et al. 2009; Kreibich et al. 2010; Elmer et al. 2010). In order to better manage the
large variations that are commonly associated with assessments of absolute flood damage, it is
suggested that it would be useful to investigate the reliability of estimates of relative changes
in the development of potential flood damage, in terms of the differences stemming from
flood damage modelling approaches (de Moel and Aerts 2011). Gaining insights into the
reliability of relative estimates (as the percentage change of a reference situation) of flood
damage in scenario studies is important, as these often form the basis of decision making and
are used, for example, to evaluate the effectiveness of various risk reducing-strategies (ICPR
2006; Aerts et al. 2008; ABI 2009; Bouwer et al. 2010). The latter purpose is especially
important, because many investments in flood control and mitigation measures take 20 to 30
years to design, plan and implement and are also designed for long life spans (see e.g.
Hallegatte 2009; Dircke et al. 2010).
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Furthermore, insights into the influence of different flood damage modelling approaches on
relative estimates of flood damage developments are needed, given the increasing emphasis
on basin-wide approaches for trans-boundary flood risk assessment. A basin-wide approach is
currently required in Europe (European Union 2007) and facilitated by intergovernmental
river basin organizations like the International Commission for the Protection of the Rhine
(ICPR) or the International Commission for the Protection of the Danube River (ICPDR). In
these organizations, the member countries need to jointly evaluate the effectiveness of various
risk- reducing strategies over time (ICPR 2006, 2007). However, different damage modelling
approaches are applied by riparian countries (Meyer and Messner 2005), and these can yield
substantial differences in terms of absolute damage values (de Moel and Aerts 2011), and the
results are often difficult to compare. Therefore, usually one flood damage modelling
approach needs to be chosen and agreed upon by the various stakeholders, when conducting
such joint assessments (ICPR 2001; Silva and Reuter 2006). This makes it important to
understand to what extent various damage modelling approaches used in different riparian
countries or regions influence estimates of relative changes in flood damage developments. In
order to improve such relative estimates, it is especially of interest to understand whether
variations between the damage modelling approaches stem from the uncertainties in the
damage curves or from differences in estimating the exposed asset values linked to these
curves.
Studies that have evaluated the possible range of flood damage developments have commonly
addressed the uncertainties originating from projections of socio-economic development and
climate change, by applying alternative scenarios for land-use change and flood probabilities
linked to climate change (Hall et al. 2005; ABI 2009; Bouwer et al. 2010). In addition, when
focusing on the river Rhine in North-Western Europe, several scenario studies have evaluated
the relative influence of climate and land-use change on flood damage developments (Klijn et
al. 2007; Aerts et al. 2008; te Linde et al. 2011). However, it is largely unknown, how
different flood damage modelling approaches influence estimates of relative changes in the
development of potential flood damage, as compared with those scenarios. This is because,
although previous studies have applied a range of scenarios, they have generally only used
one damage modelling approach to assess changes in flood damage.
The aim of the current study is, therefore, to evaluate the reliability of relative estimates of
flood damage developments for the river Rhine with regard to different flood damage
modelling approaches. We explain the differences for two damage models through simulating
the effects of socio-economic development, reflected by land-use scenarios, on flood damage
between 1990 and 2030. These two damage models have been used earlier to assess potential
flood damage in the Rhine Basin: the flood damage model used for the development of the
Rhine Atlas (ICPR 2001) and the one called the ‘Damage Scanner’ (Klijn et al. 2007).
Furthermore, we will investigate whether variations in absolute and relative damage estimates
between the approaches result from differences in damage functions or from the estimation of
the exposed asset values. Finally, the variations stemming from the application of different
flood damage modelling approaches are compared with the uncertainties originating from
land-use projections.
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The remainder of the article proceeds as follows: Section 3.2 provides a general introduction
to flood damage modelling approaches. Section 3.3 describes the study area and discusses the
data and methods applied in the present study. The results are presented and discussed in
Section 3.4. Section 3.5 concludes.

3.2. Flood damage assessments
There is a wide range of approaches to estimate potential flood damage, mostly depending on
the spatial and temporal scale of the analysis, as well as, on its purpose and the availability of
data and resources (Messner et al. 2007). Micro-scale assessments are characterized by a high
level of detail, and, from the exposure side, they usually take single objects into account that
are at risk from flooding, such as buildings, vehicles or infrastructures. From the hazard side,
consideration is given to location specific flood characteristics, such as flow velocity, water
depth, or contamination of flood water. In meso-scale flood damage analyses, as applied in
the present study, exposure information is usually based on the spatial aggregation of the
exposed assets. Most commonly, meso-scale models combine information on land-use types
for estimating assets at risk and information on inundation depth for simulating the hazard. On
the macro-scale, even larger units, such as municipalities, regions or countries, are used for
damage estimations (Merz et al. 2010b).
A standard approach to quantify flood damage is the use of stage-damage functions (Smith
1994; Merz et al. 2007). These can be developed using two different methodological
approaches (Merz et al. 2010b). First, empirical damage functions can be constructed on the
basis of observed flood damage data. For example, the HOWAS database, which was
maintained in Germany (Merz et al. 2004) and is now integrated in the HOWAS21 database,1
is a collection of observed damage cases, and has provided the basis for the derivation of the
damage functions applied in the Rhine Atlas (ICPR 2001). Second, stage-damage functions
can be derived using synthetic approaches, which are based on expert judgement. Following
this approach, experts from, for instance the insurance industry, estimate the damage that can
be expected for different types of objects and assets, when certain flood characteristics occur.
The HIS-SSM damage model, which is the standard software in the Netherlands to evaluate
flood damage (Kok et al. 2005), and the Multi-coloured Manual in the UK (Penning-Rowsell
et al. 2005) are both examples of this approach, although the HIS-SSM model also includes
some empirical information. For more detailed overviews of flood damage assessment
approaches and their various aspects see Merz et al. (2010b) and Messner et al. (2007).

3.3. Study area, data and methods
Our research approach to study the reliability of estimates of relative changes in the
development of potential flood damage is shown in Figure 3.1. The river Rhine was chosen as
a case study, because it is the largest and economically most important river in Western
Europe. Furthermore, the river basin is shared by nine countries, which need to engage in
trans-boundary flood risk management and, being part of this, need to jointly evaluate the
1

http://nadine-ws.gfz-potsdam.de:8080/howasPortal/client/start
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effectiveness of risk-reducing measures (ICPR 2007). We apply two meso-scale flood damage
models that have been commonly used for flood damage assessments along the Rhine: the
Rhine Atlas model used by the ICPR (ICPR 2001), and what is called the ‘Damage Scanner’
(Klijn et al. 2007). The two models have been selected because they show a large variability
in absolute damage estimates (de Moel and Aerts 2011), and have been derived using
different methodological approaches. In both models, potential flood damage is quantified
with the help of depth-damage functions that define for each land-use type the potential
damage, depending on the given inundation-depth at the respective location. Other flood
characteristics are not considered. The absolute flood damage estimates derived from
applying the two models in the case study area are used to evaluate the relative change (in
percentages) in flood damage owing to land-use change between 1990 and 2000, as well as
between 2000 and the two land-use projections for 2030. Estimates of relative changes
according to the two models are compared with each other in order to gain insights into the
reliability of relative estimates of flood damage developments with regard to different flood
damage modelling approaches. The remainder of this section describes the study area, the
data, and the methods applied in the present study in greater detail.

Figure 3.1: Flow chart of the input data and method applied to evaluate the reliability of
relative estimates of flood damage developments
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3.3.1. River Rhine basin
The river Rhine originates in the Swiss Alps and flows through Austria, Switzerland, France
and Germany into the Netherlands, where it eventually bifurcates into the North Sea and the
Lake IJssel. The river basin area is about 197,000km2, and is shared by nine countries. The
basin is densely populated, and, in total, about 58 million people live in the area (ICPR 2001,
2008). Especially since the 19th century, the Rhine has developed into an important traffic
route and is today one of the world’s most trafficked and used waterways. It connects one of
the world’s largest sea harbours in Rotterdam, the Netherlands, with the world’s largest inland
harbour in Duisburg and other industrial complexes in Germany, France, and Switzerland.
Every year, about 200,000 vessels cross the Dutch-German border, transporting
approximately 200 million tons of goods (ICPR 2008).
To aid shipping and industrialization, the main river channel has undergone substantial
changes and has been rectified and canalized. From the original 8000km2 of floodplains, less
than 15 per cent remain (ICPR 2008). Moreover, the canalization and rectification of the
riverbed has caused an acceleration of flood wave propagation in the Rhine canal (Lammersen
et al. 2002). These developments have led to an increasing risk of flooding, and the ICPR
estimates that about 10 million people live at risk from extreme flooding (ICPR 2001). Flood
protection levels, expressed as average return periods of peak discharges that can be
withstood by dykes and embankments, vary along the river and range from 1/200 per year in
the Upper Rhine and parts of the middle Rhine, 1/500 per year in the lower Rhine to 1/1250
and 1/2000 per year in the Netherlands. Two major floods occurred in 1993 and 1995 along
the Rhine that caused substantial economic damage in Germany (Kron and Thumerer 2002)
and the preventive evacuation of about 250,000 people in the Netherlands

3.3.2. Inundation data
For the Rhine and its floodplains up to the Netherlands, we use the inundation map that was
developed by the International Commission for the Protection of the Rhine (ICPR 2001). A
100 x 100m grid map was derived from the original vector data set that provides information
on the flood extent and seven different classes of inundation depths, ranging from 50cm to 5m
and above. For the part of the Rhine in the Netherlands, updated and improved information on
potentially inundated areas is available in the form of the Dutch ‘Risicokaart’. The
‘Risicokaart’, which is based on hydro-dynamical modelling, shows the maximum inundation
depths that are derived from numerous simulations of dyke breaches (Wouters and Holterman
2007). It was originally provided at a spatial resolution of 50m x 50m and was resampled to a
100m x 100m resolution grid. The combined inundation map for the Rhine channel shows
flood extent and depths for extreme discharge events, with events ranging from an average
frequency of occurrence of 1/200 years at the Upper Rhine to 1/2000 years in the Dutch delta
area, and has been applied earlier in a study on future flood damage (e.g. te Linde et al. 2011).
Only those areas in the Dutch delta that are prone to river flooding from the Rhine were
included. Those areas that face flood risk mainly from coastal storm surges in combination
with high but not extreme river discharges were not included. It should be noted that the
inundation map used in the present study does not represent a realistic flooding scenario,
because there will never be enough water in a single event to inundate the entire area. Instead,
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it provides an indication of the potential maximum hazard facing all the economic assets
exposed to floods along the Rhine.

3.3.3. Land-use information
Information on land use is based on CORINE land cover grids for the years 1990 and 2000
(Bossard et al. 2000), which are available at a spatial resolution of 100m x 100m from the
European Environment Agency. The grids were aggregated to the six and nine land-use
classes of the two damage models, respectively (see Table 3.1). Two land use projections for
2030 were derived from a land use model, known as the ‘Land Use Scanner’ (Hilferink and
Rietveld 1999; Loonen and Koomen 2009), that was adapted for the Rhine basin (te Linde et
al. 2011). The ‘Land Use Scanner’ model has been applied in numerous research projects and
policy appraisals in the Netherlands and other European countries, including assessments of
future flood risk (Borsboom-van Beurden et al. 2007; Aerts et al. 2008; Maaskant et al. 2009;
Bouwer et al. 2010; te Linde et al. 2011). The model is based on microeconomic theory, and
uses socio-economic scenarios to simulate land-use patterns on the basis of spatial claims
(expected quantity of land-use change), suitability, and policy maps (Figure 3.2).
The existing Land Use Scanner model for the Rhine (see te Linde et al. 2011) has been forced
with two contrasting socio-economic scenarios to produce future land-use maps (Figure 3.2).
These scenarios are derived from the EURURALIS project (Verburg et al. 2008; Verburg and
Overmars 2009), and describe future spatial claims for the Rhine area. The Global Economy
scenario (GE) assumes a world with high economic and population growth, international
economic integration and a strong influence of private interests. A weak government is
assumed that enforces little environmental regulation. The GE scenario results in a land-use
projection that sees a large increase in urban land use. No restrictions in terms of urban
development are applied to areas at risk of flooding, due the weak role of the government
assumed for this scenario. In contrast, the Regional Communities scenario (RC) assumes a
world with little economic and population growth and a strong regional focus. In this world, a
strong government is foreseen that enforces strict environmental regulations such as spatial
zoning in flood-prone areas. The RC scenario leads to a land-use change projection that sees
far less urban development, which is considerably restricted in areas at risk from flooding.
The GE and RC scenarios are comparable to the A1 and B2 scenarios of the
Intergovernmental Panel on Climate Change, respectively (IPCC 2000). While no probability
is attached to each of these two scenarios, we assume that the two scenarios reflect the
possible bandwidth of future changes in land use and urban development. For a more detailed
description on the downscaling approach and the development of these land-use projections,
the reader is referred to Te Linde et al.(2011).
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Figure 3.21: Land use maps for 2000 and 2030 (GE scenario) used as input for the RAM and
the DSM.

3.3.4. Damage models
On the basis of the flood inundation map (Section 3.3.2) and the four land-use maps (Section
3.3.3), two flood damage modelling approaches are used to calculate potential flood damage
along the Rhine for the years 1990, 2000, and the two projections for 2030.
Rhine Atlas damage model
The Rhine Atlas damage model (RAM) was developed for the International Commission for
the Protection of the Rhine (ICPR 2001). The method uses five depth-damage functions to
calculate potential flood damage. The functions were constructed on the basis of the HOWAS
database, and are thus empirical in nature, even though additional expert judgement has been
used to select and combine entries from the HOWAS database (ICPR 2001). Even though the
RAM has been developed to estimate potential flood damage along the trans-boundary river
Rhine, it is thus largely based on empirical damage data from Germany.
The depth-damage functions are linked to five re-classified CORINE land cover classes, of
which three reflect urban land-use types (residential, industrial, and infrastructure). For the
three urban categories, separate damage values for property and contents are used in the RAM
(see Table 3.1) (ICPR 2001). The model considers direct tangible flood damage that is caused
by physical contact between floodwater and the economic assets at risk. Not reflected in the
RAM is indirect damage, such as losses due to the disruption of production processes and also
intangible damage, such as loss of life.
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Damage Scanner model
The Damage Scanner model (DSM) also calculates potential flood damage by linking
information on land use and information on inundation depth with seven depth-damage
functions (see Table 3.1 and Figure 3.3). It has been used in various studies that assess the
impact of future land use on potential flood damage at various scales: amongst others, along
the Rhine and especially in the Rhine delta (Aerts et al. 2008; Bouwer et al. 2010; te Linde et
al. 2011; de Moel et al. 2011). As the functions of the DSM are based on the HIS-SSM, which
is the standard software in the Netherlands to assess flood damage, they are based on some
empirical information as well as expert judgment and thus are mainly synthetic in nature. The
model predominantly estimates direct tangible damage. However, the DSM also implicitly
includes a share of 5 per cent indirect damage. This latter type of damage reflects potential
losses in economic turnover, due to traffic interruption or emergency costs.
Comparison of the RAM versus the DSM
Differences between the two models can be found both in the applied damage curves and in
the maximum damage values linked to the respective damage categories. Figure 3.3 displays
the shape of the damage curves of the RAM and the DSM. These curves are used to calculate
the fraction of the maximum damage (damage factor) occurring in a grid cell, based on the
respective inundation depth.

Figure 3.3: Damage curves for the Rhine Atlas and the Damage Scanner model (Adapted
from de Moel and Aerts (2011).
When comparing the residential damage curves from both models (solid red lines), it becomes
apparent that the curve of the DSM is steeper compared with that of the RAM. For instance, at
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4m water depth, the RAM curve gives a damage factor of about 0.4, while the DSM curve
gives a damage factor of about 0.8. In addition, both models differ in their assumption at
which water level the maximum damage is reached. According to the DSM, maximum
damage of all land-use types is reached at a water level of about 5m. In contrast, the RAM
assumes that a water level of 5m results in about 60 per cent of the maximum damage for
residential and commercial areas. These differences in the functions reflect the uncertainties
still associated with depth-damage curves in flood damage modelling (e.g. Freni et al. 2010).
These uncertainties stem from the large variability of observed damage even among similar
elements at risk. Two buildings that share the same physical characteristics and that are
situated next to each other can nevertheless experience largely different amounts of damage
during the same flood event. This is because both flood impact parameters, such as flow
velocity and the contamination of flood water, but also flood resistance parameters, such as
flood experience and precautionary measures, can significantly differ even within short
distances (Merz et al. 2010b).
Moreover, both models differ substantially in terms of the maximum damage values that are
linked to the damage categories, represented by the respective land-use types. An overview of
the maximum damage values at 2000 price levels for respective damage categories according
to both models is provided in Table 3.1.
Table 3.1: Maximum damage values for land-use classes of the Rhine Atlas and the Damage
Scanner models
Rhine Atlas
Residential
Residential mobile
Industry
Industry mobile
Infrastructure
Infrastructure mobile
Agriculture
Forest
Other

Max. damage (€/m2)
233
55
246
82
250
2
7
1
0

Damage Scanner
Residential – high density
Residential – low density
Commercial

Max. damage (€/m2)
910
400
600

Infrastructure

190

Agriculture
Pasture
Nature / Forest
Building lot
Recreation

20
10
20
130
30

Table 3.1 shows that the maximum damage for similar damage categories is significantly
higher in the DSM compared with the RAM. For instance, the residential category of the
RAM has a maximum damage of 288 €/m2 (sum of residential and residential mobile), while
the maximum damage of the DSM is 910 €/m2 for high density urban areas, and 400 €/m2 for
low density urban areas. As a comparison, the standard flood loss model in the UK estimates
a maximum damage value of 750 £/m2 [865 €/m2]2 for a residential home (Penning-Rowsell et
al. 2005). Likewise, the industrial damage category also shows a marked difference between
the RAM and the DSM. It has a maximum damage of 328 €/m2 in the RAM compared with
600 €/m2 in the DSM. While these urban land-use classes have a maximum damage that
2

According to exchange rates of 19th August 2011
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differs roughly by a factor of 2, the difference between both agricultural land use and nature
areas is even larger, by a factor of 2.8 and 20, respectively.
There are a number of reasons for the large differences in terms of maximum damage values
between the RAM and the DSM. While the RAM uses depreciated asset values, the DSM is,
at least in some instances, based on replacement costs, such as those for building structures
and contents (Briene et al. 2002). Differences in price levels among the riparian countries
cannot serve as an explanation for the large variations in terms of maximum damage values,
as purchasing power is only marginally different (ICPR 2001). Damage to vehicles, which can
make a significant contribution to total damage of 2 per cent to 7 per cent (ICPR 2001), is not
considered in the maximum damage values of the RAM (ICPR 2001), while replacement
values for vehicles are included in the DSM (Briene et al. 2002). The explanation for the very
large difference in the maximum damage of agricultural areas between the two models is that
agricultural practices in the Netherlands are more capital intensive (ICPR 2001). Additionally,
the DSM takes into account that, in grid cells with an agricultural land use, there are also
buildings with inventory present, and not just crops. Furthermore, the DSM also implicitly
comprises approximately 5 per cent of indirect damage as a surcharge on direct damage.
Indirect damage, which can make up a substantial share of total flood damage, refers to losses
that are induced by the flood event itself but occur with a time delay or outside the flooded
area. Hallegatte (2008), for instance, published a study on the relation between direct and
indirect damage. He investigates the response of the regional economy of Louisiana to the
landfall of hurricane Katrina using an input-output model. The simulation results show that
disturbed economic processes aggravate direct damage. While the direct damage of hurricane
Katrina is estimated at $107bn, the indirect effects are estimated at an additional $42bn,
which is hence 28 per cent of total losses (Hallegatte 2008).

3.4. Results and Discussion
3.4.1. Absolute flood damage estimates
An overview of potential damage along the Rhine according to the RAM and the DSM model
for 1990, 2000, and to the two socio-economic scenarios (2030), as well as their difference
factors, is provided in Table 3.2. Both model results differ significantly in terms of absolute
damage estimates by a factor ranging from 3.5 to 3.8. In general, the RAM gives much lower
results compared with the DSM. The results are in line with several other studies that have
stressed the variations related to the assessment of direct flood damage (Merz et al. 2004;
Apel et al. 2008; Freni et al. 2010). De Moel and Aerts (2011), for instance, estimate flood
damage for a Dutch polder area using three different damage modelling approaches, and find
differences up to a factor of 4.
Table 3.2: Potential flood damage along the Rhine (Million €) for different time-steps,
according to the Rhine Atlas and the Damage Scanner damage model
1990
74,591
290,883
3.8

Rhine Atlas model
Damage Scanner model
Difference factor between models
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2000
77,749
300,463
3.8

2030 RC
86,982
323,608
3.7

2030 GE
108,158
380,684
3.5

The large variations in absolute damage estimates can be attributed to existing uncertainties in
the shapes of damage curves and to methodological differences for estimating the underlying
exposed asset values of the respective damage categories, which were discussed in Section
3.3.4.
To identify whether variations between the models in absolute damage estimates result from
differences in the underlying maximum damage values or from differences in the damage
curves, we performed an additional model-run with the RAM, using the maximum damage
values of the DSM. This model-run is referred to as RAMDSM. By comparing the results of the
RAMDSM with the results of the RAM, we can estimate how the differences in maximum
damage values influence absolute damage estimates, because both the RAM and the RAM DSM
use the same damage functions. By comparing the results of the DSM with the results of the
RAMDSM, we can estimate how the differences in damage functions influence the absolute
damage estimates, because both the DSM and the RAMDSM use the same maximum damage
values. An overview of the absolute damage estimates for the RAMDSM and the difference
factors between the RAM and the RAMDSM, and between the DSM and the RAMDSM are
provided in Table 3.3. It is shown that differences in the maximum damage values have a
smaller influence on variations in absolute damage estimates between the two models (by a
factor 1.8 for all time steps) than differences in the functions (by a factor of 1.93 -2.13).
Table 3.3: Absolute damage estimates of the model-run RAMDSM and difference factors
between the RAM and the RAMDSM, and between the DSM and the RAMDSM
RAMDSM
Diff. due to max. damage value*
Difference due to function**
* RAMDSM vs. RAM (difference factor).
** DSM vs. RAMDSM (difference factor).

1990
136,674
1.83
2.13

2000
142,366
1.83
2.11

2030 RC
159,389
1.83
2.03

2030 GE
197,678
1.83
1.93

Other studies that have investigated the influence of different damage functions on absolute
damage estimates have come to similar conclusions. For instance, Apel et al. (2009) compare
the results of several damage modelling approaches with recorded flood damage and find that
differences in damage curves can lead to relative errors ranging from – 87 per cent to 34 per
cent. Since the same exposure data was used for all model runs, the influence of different
maximum damage values on absolute damage estimates was not assessed in the study of Apel
et al. (2009).

3.4.2. Estimates of relative changes in the development of potential flood damage
The large differences in absolute damage estimates that result from the application of the two
different damage modelling approaches is the reason for evaluating the reliability of relative
estimates. We therefore assess the results from the two models in terms of relative changes in
potential flood damage for the periods 1990 to 2000 and 2000 to 2030 (using the GE and RC
scenarios). As can be seen from Figure 3.3, the RAM model estimates consistently higher
relative increases in potential flood damage compared with the DSM. While the RAM model
foresees a relative increase of 39.1 per cent for the GE scenario and 11.8 per cent for the RC
scenario, the DSM projects an increase of 27.3 per cent and 8.4 per cent, respectively. For all
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time steps, the RAM model gives relative estimates which are about 1.1 to 1.4 times higher
than the DSM model. It should be noted that this variation is considerably smaller compared
with differences observed for the absolute damage estimates of the two models (Table 3.2).
This finding is in line with previous studies, which showed that estimates of proportional
changes in flood damage are much more robust compared with absolute estimates (de Moel
and Aerts 2011). Moreover, differences between the two models when estimating relative
changes are considerably smaller compared with uncertainties inherent in future projections of
socio-economic development, as reflected by the two contrasting land-use scenarios. With
respect to potential damage, the two land-use projections differ by more than a factor of 3 for
both models (Figure 3.4).

Figure 3.4: Relative increase (in %) in potential flood damage along the Rhine, according to
the Rhine Atlas and the Damage Scanner models.
To identify whether variations between the models in terms of relative estimates result from
differences in the underlying maximum damage values or from differences in the damage
curves, we again compare the RAMDSM with the RAM and with the DSM. An overview of the
relative estimates of flood damage developments of the RAMDSM and the difference factor
between the relative estimates of the RAMDSM and RAM, and between the relative estimates
of the RAMDSM and the DSM are provided in Table 3.4. It is shown that differences in the
relative estimates of flood damage developments are predominantly influenced by differences
in the damage functions between the two models. The RAM and the RAMDSM, which use the
same damage functions but different maximum damage values, perform almost identically (by
a factor of 0.99 to 1.01). In contrast, the comparison between the RAMDSM and the DSM,
which use the same maximum damage values but different functions, show difference factors
of 1.15 to 1.42.
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Table 3.4: Relative estimate of damage developments of the model-run RAMDSM and
difference factors between relative estimates of the RAM and the RAMDSM, and between the
RAMDSM and the DSM
RAMDSM
Diff. due to max. damage values*
Diff. due to function**
* RAMDSM to RAM (difference factor).
**RAMDSM to DSM (difference factor).

1990-2000
4.16%
0.99
1.15

2000 - RC
11.96%
1.01
1.41

2000-GE
38.85%
0.99
1.42

Table 3.5: Relative share of respective land-use types to total damage (2000) for the Rhine
Atlas and the Damage Scanner models
Land use
Residential
Commercial
Infrastructure
Nature /Forestry
Agriculture
Construction / Mines
Recreation
Total

Rhine Atlas
Total damage (€)
Total damage (%)
58248
74.9
17919
23.0
1231
1.6
6
0.0
346
0.4
77750
100

Damage Scanner
Total damage (€)
Total damage (%)
187707
62.5
49359
16.4
6339
2.1
7626
2.5
44487
14.8
2840
0.9
2104
0.7
300463
100

The varying contributions of the respective damage categories to the total damage of the two
models is a result of the different ratio of maximum damage values across the assigned
damage categories within each of the two models (see Table 3.1). For example, the difference
between the maximum damage of residential and agricultural land use is about a factor of 41
(288 €/m2 divided by 7 €/m2) in the RAM model, while the difference between low-density
residential areas, which comprise most of the residential areas, and agriculture differs only by
a factor of 20 (400 €/m2 divided by 20 €/m2) in the DSM model. Because these ratios are so
different, a change from agriculture to low-density residential land use in the flood-prone area
has a different effect on the increase in potential flood damage between the two models. This
will be further illustrated below, by looking at the land-use change and the corresponding
change in flood damage between 2000 and 2030 (GE scenario).
The GE scenario represents a ‘strong growth scenario’, which results in a considerable
increase in urban land-use types, mainly at the expense of agricultural areas. Table 3.6
provides a matrix of net changes among all land-use classes between 2000 and 2030 (GE),
and insights into the specific changes that occur among land-use types between 2000 and
2030 GE. The fact that net changes are presented means that conversions between two landuse types in both directions are considered. It shows that predominantly agricultural areas
change into low-density residential (32,328 hectares) and commercial areas (6504 hectares).
The increase in high-density urban areas is mainly due to the conversion of formerly lowdensity residential areas (Table 3.6), and thus reflects an increase in urban density. Important
changes among land-use types that lead to large changes in potential flood damage are
highlighted in colour.
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Table 3.6: Matrix of net changes among the respective land use types between 2000 and 2030
GE.
Residential Residential Commercial Infrastructure Construction Recreation Nature Agricult.
HD
LD
Residential HD
0
10499
Residential LD
0
Commercial
-1398
-599
0
Infrastructure
-26
-2
-20
0
Construction
6
23
22
0
0
Recreation
-282
1410
369
13
0
0
4776
Nature
-26
1071
13
17
669
0
32328
6504
Agriculture
1253
136
125
3464 10985
0
Total Increase (ha)
10026
27437
9943
210
91
2623
4465
-54795
Note: The specific effect of the highlighted changes among land-use types in terms of changes in potential damage is provided
in Table 3.7.

These transformations from mainly agricultural areas to urban land-use types lead to a large
increase in potential flood damage for these grid cells, given the importance of urban areas in
both models. However, differences exist between the two models, because in the RAM model,
urban damage categories make up a larger share of total damage compared with the DSM
model (see Table 3.5). This also leads to a larger increase in potential damage for grid cells
that change in land use according to the RAM over time compared with the DSM.
To demonstrate this in greater detail, only those grid cells that change between agriculture and
low-density residential areas between 2000 and 2030 GE are extracted and analysed
separately with respect to absolute and relative changes in potential flood damage. The
analysis shows that the shift of the 32,328 hectares from agricultural to low-density residential
areas results in a damage increase for these grid cells of 478 per cent in the RAM model,
while it leads to an increase of 341 per cent according to the DSM model (Table 3.7). In
addition to the predominant change between agricultural and low-density residential areas,
other important land-use changes with a large effect on potential damage were analysed the
same way. An overview of the specific effect of important changes among land-use types in
terms of absolute and relative changes in potential damage for the two models is provided in
Table 3.7.
Table 3.7: Specific effect of important changes among land-use types in terms of potential
flood damage for the two models

Net land-use change (2000 - 2030
GE)
Agriculture and Residential (LD)
Residential (LD) and Residential
(HD)
Nature and Residential (LD)
Agriculture and Commercial

Damage Scanner (DS)
Damage (Million €)
Change in damage
2000 2030 GE Absolute
Relative
(%)
962
4242
3280
341
1831
3270
1438
79
30
139

460
1316

430
1176

1413
843

Rhine Atlas model (RA)
Damage (Million €)
Change in damage
RA 2000 RA 2030 Absolute
Relative
(%)
311
1800
1489
478
639
639
0
0
0.02
32

210
482

210
450

876936
1402

Insights into the question: “Which of the two models provides more reliable estimates of
flood damage developments for grid cells that change in land use?”, could be provided by
information on how different damage categories have contributed to overall flood damage for
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observed flood events along the Rhine. Recorded damage data of an extreme event would be
of interest for the present study, because inundation maps of potential extreme flood events
are used as input for the two damage models. However, according to our knowledge, such
detailed data that breaks down recorded flood damage into different damage categories, is not
available for the Rhine. This also holds true in general: while the hydrological parameters of a
flood are commonly evaluated in the aftermath of an event (LfU Baden-Württemberg 2000),
comprehensive data on observed damage following from these events is scarce (e.g.
Sächsische Staatskanzlei 2003). This lack of reported damage data also poses a major
hindrance to validate flood damage models such as the DSM and the RAM to understand,
which model performs better.
A major flood event, for which more detailed damage data could be obtained, occurred along
the Elbe in 2002 and predominantly affected the federal state of Saxony (Sächsische
Staatskanzlei 2003). Table 3.8 shows overall recorded damage for this event, and also
provides the contribution of several damage categories to overall losses.
Table 3.8: Recorded flood damage in Saxony during the Elbe flood in 2002. Adapted from
Sächsische Staatskanzlei (2003).
Observed damage
Absolute (Mill. €)
1706
529
1420
1287
928
136
111
79
6196

Residential Buildings
Building contents
Industry
Municipal Infrastructure
state-run infrastructure
Costs of disaster operation
Cultural facilities
Agricuture and Forestry
Total

% of total
27.5
8.5
22.9
20.8
15.0
2.2
1.8
1.3
100.0

Even though these data are not necessarily comparable to the Rhine, due to geographical
differences, two aspects also seem to provide valid insights for the present study. First, the
data of the Elbe flood strongly suggest that both models remarkably underestimate damage to
infrastructure. According to the RAM damage model and the DSM model, infrastructure does
not significantly contribute to overall losses, with a share of 1.6 per cent and 2.1 per cent,
respectively (see Table 3.5). However, during the Elbe flood, damage to municipal
infrastructure alone comprised about 20 per cent of overall losses. Within this damage
category, damage to roads and bridges (36 per cent) and damage to water protection and flood
defences (11 per cent) were the largest items. Also with regard to state-run infrastructure,
which made up 15 per cent of overall reported losses, damage to roads and bridges, as well as
to water protection and flood defences, were the two largest items with 12 and 63 per cent,
respectively. The fact that damage to roads and bridges is hardly reflected in meso-scale flood
damage assessments, as also applied in the present study, can be explained by the resolution
of the land-use maps which are usually employed in such studies. Often, the latter have a
resolution of 100m x 100m or coarser. Because they have such their narrow shapes,
infrastructural elements are underrepresented in land-use maps of this resolution. Bouwer et
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al. (2009) show that the share of potential flood damage to infrastructure in overall losses
increases from 3.9 to 8 per cent in a Dutch polder area, when switching from a 100m x 100m
to a 25m x 25m grid resolution. Second, the recorded damage data of the Elbe flood suggest
that both models might overestimate the contribution of residential areas to overall losses.
According to the RAM and the DSM, the residential damage category contributes 75 per cent
and 62 per cent, respectively (see Table 3.5). However, during the Elbe flood, damage to
residential buildings and their contents comprised 36 per cent of overall losses. Since these
observations are based on a single event only, it should be noted that, in order to draw more
general conclusions, more data on recorded flood damage and the contribution of different
damage categories to overall losses is necessary.

3.5. Conclusions
The present study has investigated the reliability of estimates of relative changes in the
development of potential flood damage with regard to the uncertainties stemming from flood
damage modelling approaches. We find that two flood damage modelling approaches differ
by a factor of 3.5 to 3.8 for absolute damage estimates. These differences are attributed to
both uncertainties in the depth-damage curves and methodological differences for estimating
the underlying maximum damage values of the respective damage categories. Variations in
maximum damage values between the two models are found to have a smaller influence (by a
factor of 1.8) than variations in the damage curves (by a factor of 1.9 – 2.1). The variations in
maximum damage values stem from different methodological approaches, and from the
choice of economic parameters, such as depreciated asset values versus replacement cost,
mean insured value or standardized constructions costs, which are used to derive the asset
values linked to the damage curves. As this can lead to large differences in terms of absolute
damage estimates, it should always be clearly specified which type of damage and assets are
taken into account, and how the attached asset values were derived.
With respect to relative estimates of flood damage developments, it was found that, when
estimating relative flood damage developments, both modelling approaches provide very
similar results that differ by about a factor of 1.4. This number is considerably lower than it is
for the difference in absolute estimates between the models, and also smaller than it is for the
uncertainty inherent in projections of future exposure, as represented by contrasting land-use
projections. With respect to potential damage, the two land-use projections applied in the
present study result in differences in damage of more than a factor of 3. In contrast to
variations in absolute damage estimates, the differences between the damage modelling
approaches in terms of relative changes can be attributed predominantly to the differences in
the damage functions between the models. This is because the differences in maximum
damage values only have an influence on grid cells that change in land use. As only a
relatively small share of the grid cells changes between the two time steps, e.g. 2.5 per cent of
all grid cells change between 2000 and 2030GE, the differences in maximum damage values
between the two models have hardly any influence on relative estimates of flood damage
developments. The differences in damage functions, in contrast, apply to all grid cells in the
flood-prone area, which explains the larger influence on variations in relative estimates, with
difference factors ranging from 1.1 to 1.4.
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These findings provide valuable insights for intergovernmental river-basin organizations like
the ICPR. Such organizations are increasingly required to engage in trans-boundary flood risk
assessments under the EU Water Framework Directive, and usually need to choose among
various flood damage modelling approaches when doing so. We show that the influence of
different modelling approaches on estimates of relative changes in the development of flood
damage is small compared with other sources of uncertainties encountered in flood damage
projections.
In order to improve the reliability of relative estimates of flood damage developments, future
research should focus on reducing the uncertainties of stage-damage functions, which
originates from the huge variability of observed damage even among similar elements at risk.
Although it is only possible to integrate this enormous variability in flood damage modelling
approaches to a limited extent, it has been shown that model performance can be improved by
integrating several damage-influencing parameters in multi-parameter damage modelling (e.g.
Elmer et al. 2010). As this requires detailed data on damage processes at the level of
individual objects, data collection after flood events remains a crucial activity.
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Chapter 4
Long-term development and effectiveness of private flood
mitigation measures: An analysis for the German part of the
River Rhine
Abstract
Flood mitigation measures implemented by private households have become an important
component of contemporary integrated flood risk management in Germany and many other
countries. Despite the growing responsibility of private households to contribute to flood
damage reduction by means of private flood mitigation measures, knowledge on the long-term
development of such measures, which indicates changes in vulnerability over time, and their
effectiveness, is still scarce. To gain further insights into the long-term development, current
implementation level and effectiveness of private flood mitigation measures, empirical data
from 752 flood-prone households along the German part of the Rhine are presented. It is
found that four types of flood mitigation measures developed gradually over time among
flood-prone households, with severe floods being important triggers for an accelerated
implementation. At present, still a large share of respondents has not implemented a single
flood mitigation measure, despite the high exposure of the surveyed households to floods. The
records of household’s flood damage to contents and structure during two consecutive flood
events with similar hazard characteristics in 1993 and 1995 show that an improved
preparedness of the population led to substantially reduced damage during the latter event.
Regarding the efficiency of contemporary integrated flood risk management, it is concluded
that additional policies are required in order to further increase the level of preparedness of
the flood-prone population. This especially concerns households in areas that are less
frequently affected by flood events.

This chapter was published as P. Bubeck, W.J.W. Botzen, H. Kreibich and J.C.J.H. Aerts (2012) Long-term
development and effectiveness of private flood mitigation measures: An analysis for the German part of the river
Rhine. Natural Hazards and Earth System Sciences, 12, 3507–3518

4.1. Introduction
In line with a general trend towards more integrated flood risk management approaches, the
contribution of private households to flood damage reduction gained increasing importance in
Germany, as well as on a European and global level (Laska, 1986; ICPR, 2002; Few, 2003;
Federal Environment Agency, 2010; Bubeck et al., 2012c). Complementary to traditional
flood protection, such integrated approaches also aim at reducing the potential consequences
of floods, amongst others, by means of flood mitigation measures undertaken by private
households, such as flood-adapted building use or the deployment of flood barriers. Previous
research indicated that these measures are effective in reducing damage and are cost-effective
in many situations (Kreibich et al., 2005; Olfert, 2008; Kreibich et al., 2011a), showing a
benefit-cost ratio larger than one in areas with a flood return-period of up to 50 years
(Kreibich et al. 2011a). The cost-effectiveness of damage mitigation measures at the
household level has also been demonstrated for other natural hazards, such as torrents and
snow avalanches (e.g. Holub and Fuchs, 2008; Holub et al., 2012).
In Germany, private households’ responsibility for flood damage reduction has been
increasingly emphasized and embedded into flood risk management in response to severe
floods in 1993 and 1995 along the rivers Rhine and Meuse and in 2002 along the Elbe and
Danube (Federal Environment Agency, 2010). Especially the extreme flood in 2002, which
caused 21 casualties and more than €11 billion of economic damage in Germany (Thieken et
al., 2006), revealed that significant deficits existed in the regulation and implementation of
damage mitigation measures (Petrow et al. 2006).3 As a consequence, regulative authority was
gradually shifted from the federal states (Bundesländer) to the national government in order to
provide more stringent and uniform regulations of spatial planning and damage prevention by
households businesses (Federal Environment Agency, 2010). According to § 5 of the German
Federal Water Resource Act that was enacted in 2009, every person that could be affected by
a flood is obliged to undertake appropriate actions that are reasonable and within one’s means
to reduce flood impacts and damage (Wasserhaushaltsgesetz, 2009).
However, even though private flood mitigation measures have become an integral component
of contemporary flood risk management in Germany and many other countries, knowledge
about the former is still scarce. In particular, the long-term development and the current
implementation level of mitigation measures among flood-prone households, as well as their
damage-reducing effect are only sporadically known, and such knowledge is often confined to
specific regions (e.g. Thieken et al., 2007). For instance, the current implementation level and
effectiveness of private flood mitigation measures along the Rhine, which is Europe’s largest
and economically most important river in Western Europe, has, so far, only been estimated on
the basis of expert judgement without a solid empirical basis (ICPR, 2002).
Improved insights into the long-term development of the implementation of flood mitigation
measures are important, since a good understanding about changes in past vulnerability is an
essential precondition to anticipate the future (John, 1998), for instance, in scenario studies of
future flood risks (Hall et al., 2005; Bouwer et al., 2010; te Linde et al., 2011). Moreover,
3
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knowledge about the current implementation level and the effectiveness of flood
precautionary measures is crucial for assessing the efficiency of contemporary integrated
flood risk management approaches and for evaluating the success of flood alleviation
schemes. For example, the riparian countries of the Rhine, which cooperate within the
International Commission for the Protection of the Rhine (ICPR), adopted the so-called
“Rhine Action Plan on Floods” in response to the 1993 and 1995 floods in January 1998. The
aim of this flood action plan is to achieve a flood risk reduction of 25 per cent by 2020,
compared with the 1995 level. In addition to measures that aim at reducing water levels
during times of peak discharges, this risk reduction shall also be achieved through improved
damage mitigation by flood-prone households (ICPR, 2002, 2006).
The objective of this paper is to better understand the contribution of flood-prone households
to contemporary integrated flood risk management by providing insights into the long-term
development of the implementation of flood mitigation measures, the current implementation
level and their damage-reducing effect. This is done by presenting empirical data from a
computer-aided telephone survey among 752 flood-prone households along the German part
of the River Rhine. The damage-reducing effect of private flood mitigation measures will be
examined by comparing the precautionary behaviour and damage suffered of households that
were affected by both the 1993 and 1995 flood events. Such a comparison is of interest,
because the hazard characteristics of both flood events were of a comparable magnitude
(Engel, 1997). Nevertheless, aggregated damage reported for the 1995 event along the Rhine
was substantially lower than in 1993, and it has been repeatedly suggested that this was also
due to an improved preparedness (e.g. more damage mitigation measures were in place) of the
population affected by the floods (e.g. Engel, 1997; Kron and Thumerer, 2002). A similar
conclusion has been drawn for the 1993 and 1995 floods along the Meuse, based on an
analysis of aggregated damage data on the community level (Wind et al., 1999). However, it
has not been estimated on a household level, yet, whether the difference in damage between
the two flood events can indeed be attributed to improved mitigation behaviour. This will be
examined in this paper.
The remainder of the article proceeds as follows. Section 4.2 provides information on the
study area, the 1993 and 1995 flood events, and the applied methods. Results are presented in
Sect. 4.3. Section 4.4 concludes and discusses the implications of our findings for
contemporary integrated flood risk management.

4.2. Study area and methods
4.2.1 The River Rhine and the floods in 1993 and 1995
The River Rhine, which flows through Switzerland, Austria, Germany, France and the
Netherlands, is one of Western Europe’s largest and economically most important rivers. The
river basin area of about 195 000 km2 comprises nine countries and is home to approximately
58 million people (ICPR, 2001, 2008). The river has undergone severe changes to aid
shipping and industrialization, especially since the 19th century; it is nowadays one of the
world’s most trafficked and used waterways (ICPR, 2008). It connects the European market
with the world’s largest inland harbour in Duisburg and with one of the world’s largest
seaports in Rotterdam. Moreover, the Rhine provides water for the cooling of energy plants,
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and for agricultural, industrial and domestic use (te Linde, 2011). Especially in Germany,
major cities and industrial complexes are located on the banks of the Rhine such as Cologne,
Bonn or Duisburg or large chemical industries in Ludwigshafen and Leverkusen. According
to the ICPR (2001), about 10 million people could be affected by extreme floods along the
Rhine.
While floods are a recurring phenomenon along the Rhine during winter and early spring
(Chbab, 1995), there were two extreme peak discharge events in 1993 and 1995, with return
periods of about 50 yr in its lower reaches (te Linde et al., 2010). Both events led to
substantially inundated cities and communities in the lower Rhine and near-flooding and the
evacuation of more than 200 000 people in the Netherlands (te Linde, 2011).
In 1993, heavy and persistent rainfall from the 8–18 December had led to highly saturated
soils in many parts of the Rhine basin and consequently to impervious land surfaces. During
these ten days, almost twice the normal rain quantity was recorded than the long-term mean
for all of December in some areas.4 Therefore, subsequent rainfall that lasted until the 7
January, with a period of torrential rain on 19 and 20 December, was immediately
transformed into runoff and led to record discharge levels in many tributaries of the Rhine,
such as the Neckar, the Main and the Moselle. The confluence of the flood waves of Rhine
and Moselle at Koblenz resulted in one of the highest flood peaks of the lower Rhine ever
recorded, with an estimated return period of 45 yr at gauge Lobith (te Linde et al., 2010),
which reached the city of Cologne on 24 December with a peak discharge of 10 800m3 s−1
(Engel, 1997).
Also in 1995, snow melt and heavy precipitation from 10–20 January resulted in a sealing of
land surfaces (Chbab, 1995). Changing weather conditions from 21 January onwards brought
large amounts of rainfall and a sudden increase in temperatures. The combination of heavy
precipitation, sealed surfaces and rapid snow melt resulted in fast rising water levels on 23
and 24 January in many tributaries of the Rhine, such as the Main, Nahe and Moselle. The
confluence of these flood waves resulted in a flood peak in the lower Rhine that reached the
same water level as during the recorded maximum in the 20th century at Cologne in 1926,
with an estimated return period of 55 yr at gauge Lobith (te Linde et al., 2010). The flood
peak reached the city of Cologne on 30 January 1995 with peak discharge of 11 000m3 s−1. At
10.69 m, the water level in Cologne was 6 cm higher than during the 1993 event. As a
consequence, inundation levels in Cologne and further downstream in Germany were slightly
higher in 1995. Flood duration was also slightly longer in 1995 (Engel, 1997).
Both floods caused substantial economic damage in the middle and lower reaches of the
Rhine. In Koblenz, nearly one quarter of the built-up area was flooded in 1993, affecting
approximately 10 000 residents. In Cologne, about 4000 people were directly affected during
the 1993 and 1995 events. Even though the 1995 flood showed slightly higher water levels
and a longer duration (Engel, 1997), reported damage was substantially lower than in 1993.
While economic damage was estimated at about €767 million for the entire German Rhine
basin during the 1993 event, damage for the 1995 event was estimated at about €256 million
4
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(Engel, 1997).5 The same damage pattern was reported for the city of Cologne, which was
heavily affected by both events. Even though water levels were slightly higher in 1995,
damage in 1995 was substantially lower (€33 million) compared with 1993 (€56 million).6
The fact that damage in 1995 was less than half of the amount in 1993 has been repeatedly
attributed to an improved preparedness of the population (e.g. Engel, 1997; Kron and
Thumerer, 2002). It has been argued that the population at risk took flood warnings more
seriously in 1995 and paid more attention to flood preparedness. Consequently, many floodprone households had undertaken flood mitigation measures and, for instance, had removed
their belongings to levels even higher than 1993 water levels. Moreover, households had
replaced their oil tanks with gas heating, thereby reducing contamination of flood waters and
consequently damage. The reasoning that an improved preparedness of the population
reduced flood damage in 1995 has also been put forward by Wind et al. (1999), who
examined the 1993 and 1995 flood events and resulting damage on an aggregated level of
communities along the Meuse.

4.2.2. Survey description, samples and methods
To gain insights into the long-term development of flood mitigation measures, their current
implementation level and their effectiveness, 752 computer-aided telephone interviews with
flood-prone households were carried out by the Umfragezentrum Bonn of the Rheinische
Friedrich-Wilhelms-Universität Bonn in May and June 2011. The response rate during the
main survey was 83 per cent. Flood-prone households along the Rhine were identified by
means of aerial photographs of past flood events (BFG, 1995), stakeholder information such
as the ICPR,7 and flood hazard maps (ICPR, 2001). The thus derived household sample lives
in highly flood-prone areas (mainly along the middle and lower Rhine), which is exemplified
by the fact that 64 per cent of the households had experienced at least one flood, and 87 per
cent of the respondents live in areas that have actually been flooded in recent decades.
In addition to questions about flood experience, risk perceptions and socio-economic
characteristics, respondents were asked for the damage that they suffered to contents and
building structure during the two most severe flood events they had experienced. Moreover, it
was elicited whether respondents had implemented different types of flood mitigation
measures and when they did so. A more detailed description of the survey and the sample
characteristics is found in Bubeck et al. (2012b). To examine the damage-reducing effect of
flood mitigation measures, damage to contents and structure in 1993 and 1995 are visually
compared by means of box and whisker plots, which depict the distribution of the damage
data. To assess whether damage and water levels of respondents differed in 1993 and 1995 at
statistically significant levels, the Wilcoxon signed-rank test was applied (Wilcoxon, 1945).
The Wilcoxon signed-rank test is a test statistic to compare two sets of scores (paired
difference test) that come from the same participants (a repeated measure design) and can be
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considered as the non-parametric8 equivalent of the dependent t-test (Field, 2009). The
repeated measures design of the Wilcoxon signed-rank test, which compares respondents
across two conditions (floods in 1993 and 1995), was chosen to make sure that differences in
housing or resident characteristics have no influence on reported damage. To account for the
non-parametric distribution of the data, it is based on a ranking of the data instead of the
actual numerical data. Whether there is a central tendency between the two observations is
examined by comparing the mean ranks of the two conditions (Wilcoxon, 1945), for instance
between damage to contents in 1993 and 1995. The high skewness of the damage data is also
the reason why no mean damage values are reported in the results section. Instead, medians as
well as z- and p-values of the Wilcoxon signed-rank test are reported. Moreover, effect sizes
(r-values) are provided.

4.3. Results and Discussion
4.3.1. Long-term development and the current implementation level of flood
mitigation measures among flood-prone households
Figure 4.1 provides an overview on the flood events that the respondents experienced as most
severe, as well as the long-term development of four different types of flood mitigation
measures among flood-prone households between 1980 and 2011: namely, structural
measures implemented by homeowners, structural measures implemented by owners and
tenants, avoidance measures and flood barriers. The distinction between structural measures
for owners and structural measures for both owners and tenants is made because some of
these measures, such as improving building stability, can only be carried out by owners. Other
structural measures, such as deploying a back-flow protection device to the sewer, can be
implemented by both owners and tenants.
Figure 4.1 clearly indicates that the 1993 and 1995 events have been the dominant flood
events experienced by the surveyed households. While 278 respondents indicated that the
1993 flood belonged to the two most severe flood events they had experienced, 229
respondents did so for the 1995 flood. Also the recent flood in the beginning of January 2011,
which flooded among other places parts of the city of Koblenz, was mentioned by 30
respondents. In terms of implemented flood mitigation measures, Fig. 4.1 shows that all four
types were deployed gradually over time, with major flood events being important triggers for
an accelerated implementation. Especially in the aftermath of the severe floods in 1993, a
remarkable increase in the number of undertaken measures can be observed for all four types.
Despite the severity of the 1995 flood, the level of implementation remained relatively low
afterwards. Since the 1995 flood inundated similar areas as in 1993, it can be assumed that the
level of preparedness was already high in the aftermath of the 1993 event, and, therefore, did
not increase that much afterwards. That flood experience strongly influences the adoption of
precautionary measures is also confirmed by correlation analyses. The number of reported
flood events per year shows a strong correlation with the number of implemented measures
(Cohen, 1994). The correlation coefficients range from r = 0.52 for structural measures up to r
= 0.67 for avoidance measures. These findings are in line with previous studies, which also
8
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observed that (flood) hazard experience is an important influential factor on precautionary
behaviour (Weinstein, 1989; Kreibich et al., 2009, 2011b; Bubeck et al., 2012a). Thieken et
al. (2007) for instance, report correlation coefficients ranging from 0.28 to 0.30 between flood
experience and mitigation behaviour.

Figure 4.1: Long-term development of the implementation of four types of flood mitigation
measures by flood-prone households (n=752) along the German part of the Rhine.
However, Fig. 4.1 and the correlation analyses also indicate that experience is an important,
but not the only factor influencing flood mitigation behaviour. For instance, a peak in the
implementation of measures can be observed in 2000 without pronounced flood experiences
indicated by the respondents. A likely explanation for this peak is the so-called Whitsun flood
that affected the upper Rhine, and especially the Danube river catchments, which caused
substantial economic damage (Kron, 2004). While this event did not result in a direct flood
experience among the respondents, it again illustrated the potentially detrimental impacts of
flood events after the 1993 and 1995 events. A possible additional explanation for the peak in
2000 is that there have been considerable mobilization efforts among flood-prone households
on behalf of the Hochwassernotgemeinschaft Rhein e.V.9 This is an association of cities,
communities and civil-society organizations along the middle and lower Rhine, which
conducted four workshops in Germany in Cologne, Koblenz, Speyer and Karlsruhe in 2000 in
cooperation with the ICPR (ICPR, 2005) to emphasize the need for precautionary behaviour.
These workshops were attended by about 600 participants, 7 and, according to the ICPR,
raised awareness among far more people via media reports and multiplication effects (ICPR,
2005). However, a direct relation between these mobilization efforts and an increase in the
implementation of flood mitigation measures could not be confirmed by our data.
9
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Bubeck et al. (2012b) examined a range of factors other than experience that possibly
influence flood precautionary behaviour among flood-prone households along the Rhine.
They find that for the implementation of structural measures, which are associated with
substantial financial costs (Kreibich et al., 2011a), income plays an important role. Moreover,
flood-coping appraisals, the social environment and non-protective responses are a significant
influence on different types of flood mitigation behaviour. Flood-coping appraisals refer to
the respondent’s estimate of the effectiveness of a certain measure and whether he or she feels
capable of actually undertaking it (Rogers and Prentice-Dunn, 1997). The social environment
captures whether neighbours or friends also undertook a measure. The positive relation with
precautionary behaviour shows that people are strongly influenced by the behaviour of others.
A negative influence on flood precautionary behaviour is found for non-protective responses,
such as wishful thinking or denial. While such measures do not actually reduce the risk
flooding, they help to avoid or supress the negative emotions associated with high risk
perceptions (Festinger, 1957).
A detailed picture of the current implementation level of various flood mitigation measures,
split by tenants and homeowners, is provided in Table 4.1. As can be seen from Table 4.1,
flood mitigation measures are frequently deployed by those at high risk of flooding, especially
by homeowners. 56 per cent of the homeowners and 36 per cent of the tenants implemented at
least one flood-mitigation measure. That homeowners implement more measures than tenants
is consistent with previous studies (e.g. Thieken et al., 2007; Bubeck et al., 2012a). This is
due to the fact that a considerable amount of damage is inflicted to the building structure,
which is paid by owners. Moreover, tenants are usually restricted in their ability to implement
flood mitigation measures independently, because they usually need approval from the owner
when installing structural flood protection measures (Grothmannand Reusswig, 2006).
Measures that are particularly popular among the households at risk are avoidance measures
as well as structural measures, while the deployment of flood barriers is less common (see
Table 4.1).
Table 4.1: Current implementation level of various flood mitigation measures among private
households along the Rhine (n=752).
Type of flood mitigation measure
Owners (%)
Tenants (%)
Relocate heating system to avoid contamination (str.)*
33
n.a.**
Replace oil heating system to avoid contamination (str.)
24
n.a.**
Improve building stability (str.)
24
n.a.**
Use of flood resistant materials (str.)
22
n.a.**
Secure oil tank to prevent contamination (str.)
8
6
Install a back flow protection system (str.)
31
17
Avoid expensive fixed interior in flood-prone storeys (avoid)*
30
22
Avoid expensive items in flood-prone storeys (avoid)*
36
29
Deploy fixed or mobile flood barriers (barr.)*
19
13
Purchase a flood insurance policy
28
18
At least one measure implemented
56
36
*Note: str.= structural measure, avoid.= avoidance measure, barr.=flood barrier.
**Note: n.a. stands for not applicable. This type of measure was elicited for homeowners only, because it can usually not be
carried out by tenants
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That a large share of tenants and homeowners did not undertake any flood mitigation measure
raises the question whether households understand their high vulnerability to floods. To
examine the household’s perceived flood risk and to compare it to the perceived risk of other
potentially damage-causing events, respondents were asked to rate the likelihood of suffering
damage to their property due to several risks of daily life, on a scale from 0 to 10. A rating of
zero indicates that it is very unlikely that the respective event will cause damage to the
respondent’s property, while a rating of 10 indicates that it is very likely that the event will do
so. Table 4.2 shows that flood risk perceptions of the respondents are high, with a mean rating
of above 6 and a median rating of 7. Moreover, it is shown that respondents consider it as
much more likely that their property will be damaged by a flood event compared with other
risks of daily life, such as burglary, fire in their house or the occurrence of a traffic accident.
These figures demonstrate that the surveyed households are aware of their high vulnerability
to floods. Possible reasons why high risk perceptions do not necessarily translate into
protective behaviour, such as a lack of flood-coping appraisals of an individual, are discussed
by Bubeck et al. (2012a).
The considerable share of respondents being unprepared could, furthermore, also result from
the fact that respondents are insufficiently aware of their responsibility to contribute to
damage prevention in contemporary flood risk management, or, do not agree with it. To
examine the households’ perceived responsibility to contribute to flood damage reduction,
respondents were also asked whether they agree with the statement that “households in areas
at risk of flooding are responsible themselves to undertake measures to avoid flood damages”.
While 45 per cent of the respondents (n = 737) agreed and 28 per cent rather agreed with this
statement, 14 per cent of the respondents did rather not agree or indicated to not agree (11 per
cent). Fifty-five (55) per cent of the respondents (n = 742) agreed with the statement that “to
prevent floods and to cope with possible flood damage is primarily a task of the government.”
Moreover, respondents were asked whether they are aware of any changes in flood risk
management policies. Out of 695 respondents, 169 (about 24 per cent) indicated that they are
not aware of any changes in flood risk management. Those aware of a change in flood risk
management policies were further asked for the direction of these changes. About 15 per cent
of the respondents indicated that the damage and risk associated with flood events would be
increasingly covered by governmental authorities. These figures reveal that a considerable
share of highly flood-prone households in Germany are not aware, or, do not support their
increased responsibility in contemporary flood risk management. This can serve as an
explanation for the low level of preparedness of a large share of the homeowners and tenants.
Table 4.2: Respondent’s ratings of the perceived likelihood that several harmful events cause
damage to their property (n=187 to 194)
Damage-causing event
Mean
Median
Burglary
5.1
5.0
Fire in the house
3.8
3.0
Flood
6.3
7.0
Storm
3.9
4.0
Terroristic attack
1.4
0.0
Traffic accident
3.1
2.0
*Note: str.= structural measure, avoid.= avoidance measure, barr.=flood barrier.
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Standard deviation
2.7
2.7
3.0
2.5
2.2
3.0

4.3.2. Effectiveness of flood mitigation measures: a comparison between the 1993
and the 1995 flood event
Figure 4.1 clearly illustrates that the preparedness of the population significantly increased in
the aftermath of the 1993 flood event. This raises the question whether flood damage among
households was significantly lower during the 1995 event, and whether a change in damage
can indeed be attributed to this improved preparedness of the population. To examine these
aspects, a sub-sample (n = 160) was derived from the overall sample, which consisted only of
those respondents that were affected both in 1993 and 1995. In accordance with Fig. 4.1, the
number of implemented flood-mitigation measures increased considerably between 1993 and
1995 also for this sub-sample. In total, the number of implemented measures more than
doubled from 212 before the 1993 event to 437 before the 1995 flood (Table 4.3).
Table 4.3: Number of total measures implemented by households before the flood in 1993
and the flood in 1995 (n=160).
Flood mitigation measure

1993

1995

Relocate heating system to avoid contamination (str.)*
Replace oil heating system to avoid contamination (str.)
Improve building stability (str.)
Use of flood resistant materials (str.)
Secure oil tank to prevent contamination (str.)
Install a back flow protection system (avoid)*
Avoid expensive fixed interior in flood prone storeys (avoid)
Avoid expensive items in flood-prone storeys (barr.)*
Deploy fixed or mobile flood barriers (barr.)
Total number of measures

20
13
12
13
12
39
25
41
9
212

47
33
25
31
20
58
56
81
32
437

The distribution of reported damage to contents and building structure for both events is
depicted in Fig. 4.2a and b. Both box and whisker plots show that the median damage to
contents and structure was higher in 1993 (mediancontent = 1000/medianstructure = 1500) than in
1995 (mediancontent = 0/medianstructure = 1000). Also the interquartile ranges show higher upper
limits for both damage to contents and structure in 1993 and a larger variation. The same
holds true for the upper quartile, which shows again that a higher upper limit of damage exists
in 1993, which has a larger variation. Moreover, damage cases considered as outliers are
higher in 1993 than in 1995. In conclusion, Fig. 4.2a and b indicate that households suffered
higher flood damage to contents and structure during the 1993 flood event compared with
1995. The Wilcoxon signed-rank test confirms that damage to content (z = −5.832, p < 0.001,
r = −0.37) and structure (z = −4.219, p < 0.001; r = −0.27) was lower in 1995 at statistically
significant levels. The damage-reducing effect was stronger for damage to contents as to
building structures.
Since inundation depth was identified as a dominant factor of influence on flood damage
(Thieken et al., 2005), households were also compared in terms of water levels experienced in
1993 and 1995. The distributions of reported water levels in the cellar and ground floor during
1993 and 1995 are depicted in Fig. 4.2c and d. The box and whisker diagram displaying the
water level in the cellar (4.2c) reveals that water levels were similar during both events, with a
slightly higher median water level in 1993 (median1993 = 180 cm / median1995 = 170 cm). Also
the upper limits of the upper quartile and the lower quartile are slightly higher in 1993, while
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the upper limit of the interquartile range is the same for both events. A similar observation,
but slightly more pronounced, holds true for water levels on the ground floor (Fig. 4.2d),
which are higher in 1993. In summary, Fig. 4.2c and d show that households experienced
slightly higher water levels in the cellar and ground floor during the 1993 flood event
(meancellar = 157 cm / meanground floor = 39 cm), compared with 1995 (meancellar = 147 cm /
meanground floor = 34 cm). The Wilcoxon signed-rank test confirms that water levels were
slightly lower in the cellar (z = −4.806, p < 0.001, r = −0.28) and ground floor (z = −4.774, p
< 0.001, r = −0.27) in 1995 at statistically significant levels (p < 0.001). Whether respondents
experienced slightly lower water levels in 1995, as such, or, whether these lower water levels
resulted from an improved preparedness of the population, cannot be entirely established.
However, the fact that the number of deployed flood barriers more than doubled within this
sub-sample after 1993, and that the 1995 flood generally showed slightly higher overall water
levels in many places, is a strong indication that lower water levels are a result of improved
preparedness.
a

b

c

d

Figure 4.2: Box-whisker plots of damage to contents (a), damage to structure (b), the water
level in the cellar (c), and the water level in the ground floor (d). Note: Damage to contents,
damage to structure, water levels in cellar and ground floor are significantly different
(Wilcoxon signed-rank test) at the 1 per cent level.
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However, since inundation depth (water level) has been identified as a dominant factor of
influence on flood damage (Thieken, 2005), the fact that households suffered less damage in
1995 than in 1993 could possibly also be due to lower water levels individually experienced
by the surveyed households in 1995.
To examine whether the lower damage in 1995 is solely caused by differences in water levels
individually experienced by the surveyed households during the two events, the same analysis
was repeated with a final sub-sample (n = 62). The latter consisted only of those respondents
who were affected both in 1993 and 1995 and, in addition, who reported close to identical
water levels in the cellar and ground floor for the two events. The selection criterion was that
water levels in the cellar and ground floor did not differ by more than 5 cm between the 1993
and 1995 event. The 5 cm selection criterion was chosen, as it is considered to be within the
bounds of possible measurement or estimation errors of the respondents. By comparing
damage to contents and structure for this final sub-sample, possible variations in reported
damage can no longer result from differences in water levels. The results of this analysis are
depicted in Fig. 4.3a and b.
a

Figure 4.3: Box-whisker plots of damage to contents (a) and damage to structure (b) of
respondents with close to identical water levels in the cellar and ground floor in 1993 and
1995. Note: Damage to contents and structure is significantly different (Wilcoxon signed-rank
test) at the 1 per cent level.
As can be seen from Fig. 4.3a and b, damage to contents and structure still differs
considerably between the 1993 and 1995 events, even though water levels are identical for
both events. For this analysis the median damage for both contents and structure are also
higher in 1993 (mediancontents = 1000/ medianstructure = 1000) than in 1995 (mediancontents =
0/medianstructure = 500). The upper limits of the upper quartiles, the inter quartile range and the
lower quartiles are also higher for 1993. Moreover, damage in 1993 shows a much larger
variation. In conclusion, Fig. 4.3a and b show that households with identical water levels in
1993 and 1995 suffered considerably more flood damage to contents and structure in 1993
than in 1995. The Wilcoxon signed-rank test confirms that damage to contents (z = −4.186, p
< 0.001, r = −0.44) and structure (z = −2.77, p < 0.01, r = −0.33) was lower in 1995 at
statistically significant levels.
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Since the number of implemented measures considerably increased between 1993 and 1995
for this final sub-sample as well, our findings strongly indicate that this damage reduction
indeed resulted from an improved preparedness of the population. In total, the number of
flood mitigation measures nearly doubled from 84 before the 1993 event to 159 before the
1995 flood for this final sub-sample. The effectiveness of flood mitigation measures is further
supported by the fact that flood duration was generally slightly longer in 1995. This should
have resulted in higher damage in 1995, had flood preparedness not increased, because flood
duration has also been found to increase the extent of flood damage suffered (Thieken, 2005).
To examine the damage-reducing effect of flood mitigation measures in 1995 in greater detail,
four groups of respondents with different mitigation behaviours were compared with each
other in terms of damage to contents and structures by means of the Wilcoxon signed-rank
tests (Table 4.4). Based on the finding that the differences in damage between 1993 and 1995
are not due to differences in water levels (Fig. 4.3a and b), and due to restriction in sample
size, these analyses were again carried out using the initial sample of 160 respondents (Fig.
4.2a and b). The four groups consisted of respondents that (a) had no measure implemented
both in 1993 and 1995, (b) had one or several measures in place in 1993 but did not undertake
an additional type of measure before 1995 (=no increase in preparedness), or, (c) increased
the overall number of implemented measures, and, (d) had no flood mitigation measures in
place in 1993 but had undertaken one or several mitigation measures in 1995.
Table 4.4: Damage-reducing effect of flood mitigation measures for respondents with
different flood mitigation behaviour.
Types of mitigation behaviour

Damage-reducing effect (r-value)

(a) No measures in '93 and '95
(b) No increase in measures
(c) Overall increase in measures between '93 and '95
(d) No measure in '93 / Measure(s) in '95

Contents

Structures

-0.31** (n=59)
-0.38* (n=33)
-0.44*** (n=32)
-0.46* (n=19)

-0.26* (n=65)
n.s. (n=30)
-0.30* (n=28)
-0.5* (n=17)

The results of this analyses show that the largest damage-reducing effect (rcontents =
−0.46/rstructure = −0.5) was experienced by group (e), which was unprotected during 1993 (no
measure) and undertook measure(s) before 1995, followed by the groups (c and d) that
increased the level of preparedness (rcontents = −0.44/rstructure = −0.3). A lower damage reducing
effect in terms of contents was observed for group (b) that had measure(s) in place in 1993 but
no additional type of measure in 1995 (rcontents = −0.38). No damage-reducing effect at
statistically significant levels was found for this group in terms of damage to structure. The
least damage-reducing effect was experienced by group (a) that had no measure in place both
in 1993 and 1995 (rcontents = −0.31/rstructure = −0.26). The fact that the groups of respondents
who increased the level of precaution (c, d and e) experienced the largest damage-reducing
effect during the 1995 flood confirms the contribution of flood mitigation measures to
damage reduction (Table 4.4).
However, the finding that the groups without an increase in precaution (groups a and b) also
suffered lower damage in 1995 indicates that factors other than self-protection contributed to
lower damage in 1995. It can be assumed that a learning effect also occurred at governmental
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agencies, resulting in a better catastrophe management, as it has been observed in other
contexts (Kreibich and Thieken, 2009). An additional known factor that led to an overall
reduction in damage in 1995 was the significantly lower contamination of flood waters, which
again relates to the precautionary behaviour of flood-prone households. Contamination of
flood water leads to considerably higher flood damage (Kreibich et al., 2011a), and, among
several sources of contamination, the highest damage increase was being observed for oil
contamination (Thieken, 2005). Contents and structures affected by oil-contaminated waters
often need to be replaced or undergo costly renovations in the aftermath of a flood, instead of
simply being cleaned-up. The ICPR (2002) reports that for a community at the Danube for a
flood in 1999, 70 per cent of overall flood damage to buildings was caused by oil
contamination. Along the Rhine, many households and businesses had replaced their oil with
gas heating, or had secured their oil tank to avoid contamination in the aftermath of the 1993
event. In the present sample, the number of households that had replaced the oil heating
increased from 20 to 47, and 20 more households had secured their oil tank in 1995 (Table
4.3). As a consequence, the number of oil spills was drastically lower in 1995. In Cologne, for
instance, the number of oil spills dropped from 100 in 1993 to 6 in 1995.10 This explains how
households that undertook no flood mitigation measures themselves during either event, or
did not increase the level of preparedness, still benefitted from the improved preparedness of
others.
A possible limitation of our study results from the short timing between both flood events,
which occurred within only 13 months. Therefore, it might be the case that part of the
household assets were not immediately replaced by the surveyed households in the aftermath
of the 1993 event, and could therefore no longer be damaged in 1995. However, this effect
cannot explain the observed reduction in damage to structures in 1995 compared with 1993,
which can be solely attributed to improved preparedness, suggesting that a similar reason
caused the decline in contents damage.
Moreover, our finding that flood damage in 1995 was substantially lower due to better
preparedness of those at risk is supported by previous studies, which confirm that flood
mitigation measures can effectively reduce damage (e.g. Olfert, 2008). Kreibich et al. (2005),
for instance, surveyed 1248 flood-prone households along the Elbe and found that floodadapted building use, flood-adapted interior fitting and the installations of heating and
electrical utilities in higher storeys reduced the mean damage ratio for buildings by 46 %,
53% and 36 %, respectively. Flood-adapted use and flood-adapted interior fitting could
reduce the mean damage ratio for contents by 48% and 53 %, respectively. An additional
limitation of our study could result from the fact that respondents were questioned 16 to 19
years after the two flood events, which might have an influence on data quality. However, the
pre-test showed that people usually did not face difficulties in reporting damage data, as many
respondents kept a sort of ‘damage log book’. Especially the major flood events in 1993 and
1995 were generally well remembered by the respondents.

10

http://undine.bafg.de/servlet/is/13880/
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4.4. Conclusion
Even though the contribution of private households to flood damage reduction by means of
mitigation measures has become an integral component of contemporary flood risk
management in Germany and many other countries, knowledge about the latter is still scarce.
In the present paper, we examined the long-term development, the current implementation
level and effectiveness of such private precautionary measures among private households
along the Rhine to assess the efficiency of contemporary integrated flood risk management.
We found that different types of precautionary measures gradually increased between 1980
and 2011. A significantly increased rate of implementation can be consistently observed in the
aftermath of severe flood disasters, especially after the 1993 flood event. As far as the current
level of flood preparedness is concerned, we find that 56 per cent of the home owners and 36
per cent of the tenants implemented at least one flood mitigation measure. Given the fact that
the vast majority of respondents come from highly flood-prone areas, it is noteworthy that a
large share of households did not undertake a single precautionary measure. Lack of
knowledge and lack of support for the increased responsibility of private households to
contribute to flood damage reduction in contemporary flood risk management are identified as
possible explanations for this low implementation level. Other factors that were found to
influence flood mitigation behaviour are flood-coping appraisals, the social environment and
non-protective responses.
To examine the damage-reducing effect of flood mitigation measures, we compared the
precautionary behaviour and damage suffered of households that were affected by two severe
floods in 1993 and 1995. Our comparison demonstrates that the substantial damage reduction
in 1995 can indeed be attributed to an improved preparedness of the flood-prone population.
Moreover, we find that even respondents who did not undertake any precautionary measure
themselves in 1993 and 1995 still benefitted from the improved preparedness of others due to
lower levels of contaminated flood waters. Our findings have important implications for
contemporary integrated flood risk management. According to the projected effects of climate
change, floods will become more frequent and more extreme in several regions, as well as
along the Rhine in the coming decades (te Linde et al., 2010). This could imply that floods
will increasingly affect areas with little prior flood experience. Given our findings that actual
flood experience strongly influences the implementation level of mitigation measures, this
also implies that highly vulnerable areas will be affected.
Therefore, if flood mitigation measures are indeed to provide an important contribution to
contemporary integrated flood risk management, further efforts are required to reach a higher
level of implementation among households at risk of flooding. For instance, flood insurance
policies that are specifically designed to stimulate flood mitigation measures by rewarding
precautionary behaviour with premium reductions, could be a promising way forward (Botzen
et al., 2009; Holub and Fuchs, 2009; Aerts and Botzen, 2011). Currently, the potential to use
insurance policies to stimulate precautionary behaviour of flood prone households remains
unexploited by German insurers.
However, to reach the required level of preparedness even in areas with little prior flood
experience, stricter legal regulations seem unavoidable. These regulations should not only
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apply to current flood zones (e.g. the 1/100 yr flood zone) but should anticipate the effects of
climate change on these flood zones. That it can be a rewarding undertaking to increase the
level of flood mitigation measures at the household level is demonstrated by our finding that
an adequate preparedness by private households can considerable contribute to damage
reduction.
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Chapter 5
A review of risk perceptions and other factors that influence flood
mitigation behaviour
Abstract
In flood risk management, a shift can be observed towards more integrated approaches, which
increasingly address the role of private households in implementing flood damage mitigation
measures. This has resulted in a growing number of studies into the supposed positive
relationship between individual flood risk perceptions and mitigation behaviour. Our literature
review shows, however, that, actually, this relationship is hardly observed in empirical
studies. Two arguments are provided as an explanation. First, on the basis of Protection
Motivation Theory (PMT), a theoretical framework is discussed which suggests that
individuals’ high risk perceptions need to be accompanied by coping appraisal in order to
result in a protective response. Second, it is pointed out that possible feedback from alreadyadopted mitigation measures on risk perceptions has hardly been considered by current
studies. In addition, we also provide a review of factors that drive precautionary behaviour
other than risk perceptions. It is found that factors such as coping appraisal are consistently
related to mitigation behaviour. Given the fact that a weak relation between risk perceptions
and mitigation behaviour has also been reported in the context of other natural hazards and
health related behaviour, we conclude, therefore, that the current focus on risk perceptions as
a means to explain and promote private flood mitigation behaviour seems to be not supported
on both theoretical and empirical grounds.

This chapter was published as P Bubeck, W.J.W Botzen and J.C.J.H. Aerts (2012) A review of risk perceptions
and other factors that influence flood mitigation behaviour, Risk Analysis, 23(9), 1481-1495.

5.1. Introduction
Storms and floods are the most frequent and costly weather-related disasters in Europe, and
accounted for 77 per cent of the economic losses caused by extreme weather events between
1980 and 2006 (CEA 2007). There is evidence that several factors could increase future flood
risk, such as global warming and ongoing socio-economic development in flood-prone areas
(Mitchell 2003; Munich 2007; te Linde et al. 2011; Bouwer et al. 2010).
Traditionally, the increasing risk of flooding was predominantly tackled by maintaining or
reducing the probability of flood events by means of protection measures. Flood management
policies thus focused on large-scale engineering of flood defence infrastructure, which was
designed and implemented by governmental agencies (ICPR 2002; Büchele et al. 2006;
Messner et al. 2007). In recent years, flood management in the EU has increasingly shifted to
more integrated approaches that aim at both flood prevention and the alleviation of flood
impacts (Büchele et al. 2006; Messner et al. 2007; European 2007; Merz et al. 2010a). This
shifted focus towards the ‘risk’ (that is, probability times the damage) of flooding has led to a
growing interest in flood mitigation measures that serve to reduce potential damage, as well as
in risk transfer instruments, such as insurance, which can be complementary to existing flood
protection measures (ICPR 2002; Botzen et al. 2009b). This development could significantly
change the role of the involved stakeholders, and will require private households to take more
flood mitigation measures, such as the use of flood protection devices, adapted building use,
or the purchase of insurance (Wasserhaushaltsgesetz 2009; Kron and Thumerer 2002; Defra
2008). Flood insurance is considered as a private mitigation measure in this paper, because it
reduces the financial consequences for an individual once a flood occurs. It has been
demonstrated that private flood mitigation measures can significantly reduce flood damage
and, thereby, contribute to risk reduction (ICPR 2002; Kreibich et al. 2005; Olfert 2008; Defra
2008). However, practical experience also suggests that people who live in risk-prone areas
rarely undertake mitigation measures voluntarily, which often results in a high vulnerability to
disasters (Kunreuther 1996).
Given the growing importance of private flood mitigation in current and future flood risk
management, there has been an increased interest in individuals’ flood risk perceptions (Baan
and Klijn 2004; Siegrist and Gutscher 2006; Plapp and Werner 2006; Terpstra et al. 2009;
Botzen et al. 2009a; Plattner et al. 2006), because they are thought to provide important
insights for risk management and risk communication strategies. A main reason for this is
their expected positive relationship with the willingness of individuals to undertake private
mitigation measures (Baan and Klijn 2004; Terpstra et al. 2009; Plattner et al. 2006). This
argument is in line with the ‘motivational hypothesis’, which states that people undertake
precautionary measures to reduce the risk they perceive as being high (Weinstein et al. 1998).
The reasoning behind the ‘motivational hypothesis’ can be used to demonstrate the need for
awareness-raising among the population at risk, in order to reduce vulnerability by increasing
the level of private mitigation. Accordingly, a growing number of empirical studies have
recently investigated the factors that drive private mitigation behaviour, among which flood
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risk perceptions have been the most dominant (Botzen et al. 2009b; Siegrist and Gutscher
2006; Takao et al. 2004; Thieken et al. 2006; Grothmann and Reusswig 2006; Thieken et al.
2007; Miceli et al. 2008; Lindell and Hwang 2008).
However, recent empirical studies that have investigated the relation between flood risk
perceptions and the adoption of private flood mitigation measures do not find a statistically
significant relation at all, or report only a weak relation (Kreibich et al. 2005; Siegrist and
Gutscher 2006; Takao et al. 2004; Thieken et al. 2006; Thieken et al. 2007; Miceli et al. 2008;
Lindell and Hwang 2008). Since risk perceptions have dominated the literature on flood
mitigation behaviour, and because risk awareness-raising is an important element of current
and envisaged flood management (European Union, 2007), it is imperative to understand the
role that risk perceptions play in prompting private precautionary behaviour. The aim of this
study is to provide explanations for the weak relationship found by recent empirical studies
between flood risk perceptions and precautionary behaviour. It examines, whether the focus
on risk perceptions in the current literature can be justified on both theoretical and empirical
grounds, as far as the influence on mitigation behaviour is concerned. Moreover, the study
provides a review of factors that drive private flood mitigation measures. These factors are
currently not clear due to the complexity of the existing literature on this topic.
This study focuses on flood risk perceptions and mitigation behaviour, because such a review
has not been available for flood risk in the literature so far, although this has been provided
for other natural hazards (Solberg et al. 2010; Lindell and Perry 2000). Such a study with a
particular focus on flood risk is important, given the large contribution of floods to overall
damage from natural hazards, for example, in Europe (CEA 2007), and the observed shift to
more integrated flood risk management practices. Moreover, differences in the characteristics
of natural hazards, such as in probabilities of occurrence, may also lead to differences in the
relation between risk perceptions and precautionary behaviour.
The remainder of this article is structured as follows. Section 5.2 discusses the empirical
findings of the current literature on flood risk perceptions and their relation to private
mitigation behaviour. Section 5.3 provides a systematic overview of factors, other than risk
perceptions, that drive private flood mitigation behaviour. Section 5.4 concludes, and
discusses the implications of the findings for risk communication and the stimulation of
private precautionary behaviour.

5.2. Empirical findings on the relation between flood risk perceptions and
private mitigation behaviour
A growing number of studies have examined the factors that drive private flood mitigation
behaviour (Table 5.1), and in particular risk perceptions. Since the term ‘risk perceptions’ is
ambiguous and used with different meanings, we need to define the terms we use in this
paper. ‘Perceived risk, as defined here, refers to the combined measurement of ‘perceived
probability’ and ‘perceived consequences’ of a certain event or activity. The term ‘perceived
risk’ is further differentiated into its two single dimensions: namely, the ‘perceived
probability’ (or likelihood) and the ‘perceived consequences’ (or severity) of a certain event
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or activity. ‘Risk perceptions’ is used as the generic term referring to all the three
aforementioned definitions. This terminology and the distinction between the separate
dimensions have been adopted because they reflect the way these terms have been used in the
current empirical literature on the relation between risk perceptions and flood mitigation
behaviour. For our review, we selected all peer-reviewed papers that examine the relation
between one or several independent variables and households’ adoption of flood mitigation
measures by means of correlation or regression analyses or by comparing the means of these
variables between groups (Table 5.1).
Comprehensive research of the literature was conducted by entering the following search
terms in varying combinations in the database ISI web of knowledge: flood, risk perception,
protection, protection motivation theory, mitigation, preparedness, flood hazard perception,
behaviour, adjustment, precaution, risk reduction, and prevention in November 2011.11
Moreover, the identified articles that are presented in Table 5.1 were checked for forward and
backward citations. Following this procedure, we identified 16 studies that in total include
more than 12,000 respondents from seven different countries (Table 5.1).
Table 5.1: Reviewed studies that examine factors of influence on private flood mitigation
behaviour.
Authors

Study area

N

Botzen et al. (2009b)
Botzen and van den Bergh (2012)
Grothmann and Reusswig (2006)
Knocke and Kolivras (2007)
Kreibich et al.(2005)
Kreibich et al. (2011b)
Lindell and Hwang (2008)
Miceli et al. (2008)
Siegrist and Gutscher (2006)

Netherlands
Netherlands
Germany
USA,Virgina
Germany,
Germany
USA, Texas
Italy
Switzerland

509
~1000
157
300
1248
235
321
407
1213

Siegrist and Gutscher (2008)
Takao et al. (2004)
Terpstra (2011)
Thieken et al. (2006)
Thieken et al. (2007)
Zaalberg et al. (2009)
Zaleskiewicz et al.(2002)

Switzerland
Japan
Netherlands
Germany
Germany
Netherlands
Poland

201
2051
1071
1248
1697
516
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Table 5.2 provides an overview of the results of correlation and regression analyses, as well as
the statistical significance levels found by current studies that examine the relationship
between flood risk perceptions and already-adopted private mitigation measures. It shows that
the majority of the reviewed studies find no or only weak relations between the two variables.
11

The following search terms were used: flood AND risk perception, flood hazard AND risk perception, flood
AND adjustment AND behav*, flood AND mitigation AND behav*, flood AND preparedness, flood AND
prevention AND behav*, flood AND precaution, flood AND protection AND behav*, flood AND risk reduction
AND behav*, flood AND protection motivation, flood AND protection motivation theory.
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The reviewed studies apply different definitions of risk perceptions to examine their
relationship to flood mitigation behaviour. Grothmann and Reusswig (2006) is the only study
that uses a combined measurement of perceived probability and consequences which is
defined as perceived risk in this paper. They find small to medium values for correlations
between perceived risk and four indicators that measure precautionary behaviour at
statistically significant levels. Correlation values of ± .1 are considered to represent a small
effect; values of ± .3 a medium effect; and values ± .5 a large effect (Field 2009). A multiple
regression analysis shows that perceived risk can only explain an additional 3-6 per cent of
the variance in mitigation behaviour, which indicates a weak relation at best.
Table 5.2: Empirical findings on the relation between risk perceptions and already-adopted
private flood mitigation measures
Correlations (r-values) and statistical significance (p-values)
Independent variable

Paper

Correlation

p-value

Perceived probability

Kreibich et al. (2005)

n.a.

n.s

Lindell and Hwang (2008)

r=0.12 and 0.18

p<0.05

Miceli et al. (2008)

r=.08

n.s.

Takao et al. (2004)

n.a.

n.s.

Thieken et al. (2006)

n.a.

n.s.

Thieken et al. (2007)

r= 0.2a

n.s. to p<0.05

Perceived risk

Grothmann and Reusswig (2006)

r= 0.21- 0.30

p<0.05 to p<0.01

Perceived risk to life

Knocke and Kolivras (2007)

n.a.

p=0.01

Perceived risk to property

Knocke and Kolivras (2007)

n.a.

n.s.

Perception of flood risk scale
(PFRS)
Dread of flood

Miceli et al. (2008)

r=0.11

p<0.05

b

p<0.01

Zaleskiewicz et al. (2002)

r= 0.3
2

Regression coefficients (β), Coefficient of determination (R ), and statistical significance (p)
Independent variable
Perceived probability

Paper
Lindell and Hwang (2008)

(32)

R2

β

Significance

0.01 and 0.05

n.a.

p<0.01

Siegrist and Gutscher (2006)

n.a.

- 0.04

n.s.

Miceli et al. (2008)

n.a.

0.08

n.s.

Perceived risk

Grothmann and Reusswig (2006)

0.03 to 0.06

0.02 to 0.03c

n.s.to p<0.01

(PFRS)

Miceli et al. (2008)

n.a.

0.13

p<0.05

a

r values for different geographical locations are only reported if p<0.05 and if r ≥ 0.2.
The effect size has been calculated by the authors.
c
Non-standardized regression coefficient.
b

Most of the reviewed studies measure risk perceptions by eliciting the perceived probability
of a flood event (Kreibich et al. 2005; Siegrist and Gutscher 2006; Takao et al. 2004; Thieken
et al. 2007; Miceli et al. 2008; Lindell and Hwang 2008). Thieken et al. (2007) find no
statistically significant relation to flood mitigation behaviour in five out of six possible cases.
A small to medium correlation is reported in one case. A small correlation is also reported by
Lindell and Hwang (2008). However, a regression analysis shows that the perceived
probability can explain only 1 per cent of the variance in protective behaviour, and 5.5 per
cent of the variance in the purchase of flood insurance (Lindell and Hwang 2008). All the
other studies do not find a statistically significant correlation of the perceived probability with
66

flood mitigation behaviour. Siegrist and Gutscher (2006) employ a multiple-regression
analysis, with prevention behaviour as the dependent variable, and report that perceived
probability had no influence on precautionary behaviour after controlling for experience.
Miceli et al. (2008) combine the perceived probability with the attitude ‘fear’ to derive a
‘Perception of Flood Risk Scale’ (PFRS), which shows a low correlation with mitigation
behaviour. However, it is concluded that it is especially the emotional item ‘fear’ that
influences mitigation behaviour rather than the perceived probability (Miceli et al. 2008).
Knocke and Kolivras (2007) examine the influence of two aspects of perceived consequences
on tracking flash flood developments by individuals: namely, perceived risk to life, and
perceived risk to property. While the former is found to be significantly related to a higher
frequency of tracking flash floods, no significant relation was observed for the variable
perceived risk to property. Zaleskiewicz et al. (2002) examine factors that influence people’s
decision to buy flood insurance in Poland before and after a major flood event in 1997. Risk
perceptions are represented by a variable referred to as ‘dread of flood’, which comprises
measurements of fear of flooding, perceived unavoidability of the disaster, perceived severity
of losses, and perceived likelihood of flooding in the future. A comparison between
respondents with, and without, flood insurance before the flood in 1997 revealed no relation
between the respondents’ scores on the dread factor and the decision to buy flood insurance.
A statistically significant difference between the two groups was found after the 1997 flood.
However, the study concludes that it is predominantly the emotional item fear that determines
whether people demand flood insurance (Zaleskiewicz et al. 2002).
Excursus: Risk perceptions, private mitigation behaviour and natural hazards other
than flooding
Although this study focuses on flood mitigation behaviour, it is of interest to put our findings
in a broader context and to examine whether they can be generalized to other hazards.
Therefore, here we provide an excursus on the relation between risk perceptions and
mitigation behaviour in the domain of other natural hazards. The aim of this excursus is to
study whether similar findings are obtained for natural hazards other than flooding.
Comprehensive review studies on the relation between risk perceptions and mitigation
behaviour already exist for seismic hazards (Solberg et al. 2010; Lindell and Perry 2000),
which provides an excellent basis for our excursus. Moreover, we also add literature on
volcanic hazards, tornadoes and wildfires.
A large body of literature has investigated private mitigation behaviour with respect to
seismic hazards. In their review article on mitigation behaviour with respect to seismic risks,
(Lindell and Perry 2000) suggest that higher risk perceptions tend to lead to precautionary
behaviour (Flynn et al. 1999; Lindell and Prater 2000; Rüstemli and Karanci 1999), but they
also refer to studies that did not observe a significant relation between the two variables
(Jackson 1977; Jackson 1981; Mileti and Darlington 1997). In a more recent review, Solberg
et al. (2010) point out, however, that the positive correlations between risk perceptions and
mitigation behaviour reported in the literature on seismic hazards are often small (e.g.
Rüstemli and Karanci 1999). Moreover, they refer to a large number of studies in recent years
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that do not support the proposition that higher seismic risk perceptions result in mitigation
behaviour (Lindell and Prater 2000; Farley 1998; Lindell and Whitney 2000; Lindell and
Prater 2002; Whitney et al. 2004; Armas 2006, 2008). In their re-evaluation of the
international literature on the social psychology of seismic hazard adjustment, they conclude
that “risk perception is only weakly related to seismic adjustment” (Solberg et al. 2010). No
significant relation between risk perceptions and private mitigation behaviour was also
reported for respondents exposed to volcanic hazards (Paton et al. 2000; Perry and Lindell
2008), wildfires (Perry and Lindell 2008), and tornadoes (Weinstein et al. 2000). However, a
statistically significant relation between storm risk perception and protective behaviour is
found by Lindell and Hwang (2008) and Peacock (2003).
In conclusion, in line with our findings on the relation between flood risk perceptions and
mitigation behaviour, most of the empirical evidence from similar research on other natural
hazards domains supports the notion that risk perceptions are weak predictors of
precautionary behaviour (Miceli et al. 2008; Solberg et al. 2010).

5.2.1. The explanatory power of risk perceptions for protective behaviour
While it is obvious that people need to be aware of, and perceive, a certain risk in order to
possibly react to it, the overview provided above suggests that high risk perceptions, as such,
do not necessarily result in improved mitigation behaviour, as is often suggested. An
explanation for this is provided by Protection Motivation Theory (PMT), which was
introduced and revised by Rodgers (Rogers 1975, 1983). Figure 5.1 depicts a schematic
overview of how PMT explains protective behaviour of individuals according to specific
variables.

Figure 5.1: A schematic overview of Protection Motivation Theory (adapted from Rogers and
Prentice-Dunn (1997)
PMT initially aimed to identify how fear-arousing communication (verbal persuasion) can
lead to changes in attitudes, and subsequently to changes in behaviour. Later, other sources of
information that possibly trigger protection motivation were also included, such as
personality, observational learning and prior experience. Protection motivation, in turn, is
regarded an intervening variable that arouses, sustains, and directs the activity of individuals
to protect themselves (Maddux and Rogers 1983).
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Today, PMT provides a widely adopted psychological model to explain decision making in
relation to threats (Maddux and Rogers 1983). The origins of PMT can be traced back to the
Health Belief Model, which postulates that individuals take action to avoid a disease if: (1)
the individual believes that he or she is personally susceptible to it; (2) it believes that the
occurrence of the disease would have at least moderate severity on some component on his
life; and (3) taking a particular action would be beneficial (feasible and efficacious) by
reducing its susceptibility to the disease or reduce its severity if it would occur, while the
action should not entail exceeding psychological barriers such as costs, inconvenience, work,
pain and embarrassment (Becker, 1974). The first two conditions of the Health Belief Model
relate to ‘threat appraisal’ and the third to ‘coping appraisal’ in PMT. Other important theories
that have been applied to explain and predict protective behaviour are the health belief model
itself (Becker 1974; Rosenstock, 1966), the theory of reasoned action (Ajzen and Fishbein
1980; Fishbein and Ajzen 1975), the theory of planned behaviour (Ajzen 1988, 1991) and
(modifications of) expected utility theory (e.g. von Neumann and Morgenstern 1947;
Kahnemann and Tversky 1979). The large similarities among several of these models, their
differences and their relation to PMT are discussed by (Weinstein 1993). PMT has been
predominantly used to explain and predict protective health behaviour (Milne et al. 2000;
Floyd et al. 2000), but has also been applied in the context of natural hazards (Grothmann and
Reusswig 2006; Mulilis and Lippa 1990), as well as of technical and environmental hazards
(Weigman et al. 1992). The model attempts to reflect the main cognitive processes that lead to
a protection motivation in response to a specific threat. Two steps of cognitive processes are
distinguished: namely, ‘threat appraisal’, and ‘coping appraisal’ (Rogers and Prentice-Dunn
1997). ‘Threat appraisal’ describes how an individual evaluates how threatened he or she feels
by a certain risk. It is composed of the variables ‘perceived vulnerability’ (probability) and
‘perceived severity’ (consequences) and has, therefore, also been referred to as ‘risk
perception’ (Grothmann and Reusswig 2006). In the context of threat appraisal, fear is
considered as an intervening variable that plays a role by having an indirect effect on the
perceived consequences (Rogers, 1983). Once a certain level of threat appraisal is reached,
people start to think about the benefits of possible actions and to evaluate their own
competence to carry them out (Schwarzer and Fuchs 1996). This process is referred to as
‘coping appraisal’ and is comprised of the three variables ‘response efficacy’, ‘self-efficacy’,
and ‘response cost’ (Milne et al. 2000; Floyd et al. 2000). Response-efficacy addresses to what
extent an individual believes that a protective measure effectively reduces a risk. Self-efficacy
reflects the belief of a person as to whether he or she is personally able to actually carry out
the specific measure. Response costs are the person’s estimate of how costly it would be for
him or her to actually implement the particular risk-reduction measure. It is the combined
effect of coping appraisal and threat appraisal that influences an individual’s protection
motivation, and results in a protective or non-protective coping response (see Figure 5.1).
Two meta-analyses of PMT studies have evaluated the overall usefulness of PMT for
predicting health-related protective behaviour (Milne et al. 2000; Floyd et al. 2000).
Interestingly, both these meta-analyses, which include 65 studies (n=approx. 30,000) and 27
studies (n=7694), respectively, come to the conclusion that the ‘coping-appraisal’ component
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of the model was found to have greater predictive validity of health-related intentions and
behaviour than the ‘threat-appraisal’ component. Milne et al. (2000) conclude from their
review that risk perceptions, as such, are poor predictors of private mitigation behaviour. The
current empirical literature on the relation between flood-risk perceptions and precautionary
behaviour initially supports these findings (Table 5.2).
The reason why the weak to non-existent relation between risk perceptions and protective
behaviour is explained by PMT is that the responses of individuals to a perceived risk can be
either protective, or non-protective. Non-protective responses are, among others, fatalism,
wishful thinking, or denial. Milne et al. (2000) report positive correlations between high risk
perceptions and non-protective responses in their review of PMT studies on health-related
behaviour. Whether a high risk perception leads to a protective response seems to depend on
an individual’s coping appraisal (Milne et al. 2000). Non-protective responses would be
adopted by an individual with a high risk perception but a low coping appraisal, because they
reduce the negative emotions produced by the high risk perception (Rippetoe and Rogers
1987). This finding is replicated by Grothmann and Reusswig (2006) in the context of floodrisk perception. Non-protective responses, such as denial and wishful thinking, show a
medium correlation with flood risk perception. In contrast, coping appraisal components
correlate negatively with non-protective behaviour, but mostly positively with the adoption of
protective measures (Grothmann and Reusswig 2006). This supports the argument that the
coping appraisal of individuals plays an important role in prompting private flood mitigation
behaviour.

5.2.2. Assessing the relationship between risk perceptions and precautionary
behaviour in cross-sectional studies
An additional explanation for the weak relationship found could be provided by a
methodological aspect that has been discussed by Weinstein et al. (1998). All of the studies
discussed so far are cross-sectional in nature, and investigate the relationship between risk
perceptions and precautionary behaviour by looking at correlations between the two variables
within a given sample group at one point in time. By doing so, possible feedback from an
already-adopted flood mitigation measure on the risk perception of the respondent is
neglected. This can be illustrated by the following example, which is depicted in Figure 5.2:
suppose that a high risk perception would increase the willingness of individuals to undertake
precautionary measures. As a result, a person with a high flood-risk perception (R1) at a given
time (T1) would have bought devices that reduce the risk of flooding: for instance, through
elevating the building. It could be expected that the adoption of the respective flood
mitigation measures would decrease the risk perception (R2) of that person at that point in
time (T2). If the person did not believe in the risk-reducing effect of the measure, it would be
hard to explain why he or she would invest in it. Suppose that this specific person is included
at time (T2) in a cross-sectional study to investigate the relationship between flood risk
perception and mitigation behaviour. In that case, the relationship (r2) between R2 and the
adoption of mitigation behaviour would be measured, and the result could turn out to be
contrary to initial expectations. It would be found that a person with a low(ered) risk
perception had undertaken a mitigation measure. However, the causal relation would not be
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that a respondent had adopted a flood mitigation measure even though he has a low risk
perception. In fact, the respondent had a lower risk perception because he had adopted a flood
mitigation measure. If the same person is included at time T1, a positive relationship (r1)
between flood risk perceptions and mitigation behaviour would be found. This example
demonstrates the need to control for previously-undertaken precautionary measures when
assessing the relationship between risk perception variables and mitigation behaviour in crosssectional studies.

Figure 5.2: Assessing the relationship between risk perceptions and precautionary behaviour
in cross-sectional studies: feedback of an already-adopted mitigation measure on risk
perception
A possible way to avoid this methodological problem and to gain a more accurate
understanding of the relation between risk perceptions and mitigation behaviour is to ask
respondents about their intention to perform mitigation measures in the future. Since the
respondent has not undertaken the measure yet, the relation between risk perceptions and the
intention to mitigate are not distorted by previous mitigation behaviour. For instance, in the
case that a respondent’s risk perceptions are low due to an undertaken mitigation measure,
asking for the intention can correctly capture that low risk perceptions lead to low intentions
to undertake (additional) measures. Also if a respondent has high risk perceptions, asking for
the intention can correctly capture the relation between the latter and the (high) intention to
mitigate. It is important to notice, however, that, while providing a way to examine the
relation between the two variables in general, asking for behavioural intentions cannot explain
the specific relation between past risk perceptions and already-adopted measures, and hence
the feedback loop depicted in Figure 5.2 (r1). This is the case because the motivation to
implement a mitigation measure will remain low, once effective measures have been
undertaken, as this reduces risk perceptions. The most elegant method would be to monitor
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over time how risk perceptions influence mitigation behaviour, and examine how risk
perceptions change after an individual has undertaken mitigation. A drawback of such a
method is that is impractical to monitor individuals over a long time horizon, and it is more
expensive than a cross-sectional study. An alternative way to gain insights into the relation
between past risk perceptions and an already-adopted mitigation measure is to elicit risk
perceptions under a scenario that asks the respondents to imagine that no precautionary
measures are undertaken (Zaalberg et al. 2009). Subsequently, it can be asked whether the
respondent has already undertaken mitigation measures or intends to undertake such
measures. Another option would be to explicitly ask respondents who have already
implemented a measure, whether this has had an effect on their risk perceptions.
Table 5.3 provides an overview of the results of regression analyses, as well as of the
statistical significance levels found by current studies that examine the relation between flood
risk perceptions and the intention to adopt private flood mitigation measures. In contrast to the
results reported above, studies that elicit the intention to undertake a flood mitigation measure
do find significant relations with risk perceptions.
Table 5.3: Empirical findings on the relation between risk perceptions and the intention to
undertake private flood mitigation behaviour
2

Effect sizes, coefficient of determination (R ) and statistical significance (p)
Independent

2

Paper

R

Standardized beta

Significance

weights (β), Marginal

variable

effects (ME)
Botzen et al. (2009b)a

Perceived probability

Perceived damage or
consequences

Botzen and van den Bergh (2012)

n.a.

b

n.a.

ME= -0.20c

p < 0.05
d

ME=-0.0004

p <0.10

ME=-0.20c

p <0.01
e

ME=-0.002

p<0.05

ME=-0.08 f

p<0.01

Terpstra (2011)

0.09 to 0.28

β=0.19 to 0.46

p<0.001

Zaalberg et al. (2009)

n.a.

β=0.23 to 0.37g

p<0.0001

Botzen and van den Bergh (2012)b

n.a.

ME=0.0009e

p<0.01

Zaalberg et al. (2009)

n.a.

n.a.

n.s.

Terpstra (2011)

0.01 to 0.08

β=-0.09 to 0.2

n.s. to p<0.001

a

Estimates are of a probit regression model, and reported coefficient values indicate the marginal effect of
a 1unit change in the independent variable on the probability that respondents intend to purchase sandbags.
b
Estimates are of a mixed logit regression model, and reported coefficient values indicate the marginal
effect of a 1 unit
change in the independent variable on the probability that respondents intend to purchase flood insurance.
c
The independent variable represents respondents who expect that the return period of flooding equals 0.
d
The independent variable is the log of the expected (positive) return period of flooding by respondents.
e
The independent variable is the expected (positive) return period of flooding (in thousands) by
respondents.
f
The independent variable represents respondents who expect that they have a lower flood probability thanan average resident
in the Netherlands.
g
Non-standardized regression coefficient
e
The independent variable is the expected flood damage by respondents (in thousands of euro).

Botzen at al. (2009b) ask respondents for their intention to invest in flood mitigation
measures, such as sandbags, and observe a positive relationship at statistically significant
levels between the risk perceptions and the intention to invest in sandbags. Botzen and van
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den Bergh (2012) elicit the willingness-to-pay (WTP) to pay for flood insurance using a
choice experiment, and find a positive relationship at statistically significant levels between
the risk perceptions and the WTP to pay for flood insurance. Zaalberg et al (2009) also find a
significantly positive relation between perceived probability and the intention to undertake
flood mitigation measures. In line with the two latter studies, Terpstra (2011) finds a
significantly positive relation between risk perceptions of flooding and flood mitigation
intentions. Only for one out of three sub-samples that consists of respondents from a coastal
area who recalled a heavy storm event with high tide levels but had no direct flood experience
are perceived consequences found to be insignificant. These findings indicate that it is
important to control for prior mitigation behaviour in cross-sectional studies, and that asking
for intentions may solve the methodological problem outlined above.

5.3. Additional factors of influence on private flood mitigation behaviour
In addition to flood risk perceptions, current research presents a large variety of factors that
can potentially influence the adoption of private mitigation measures. If flood-risk perceptions
are a rather weak predictor of private mitigation behaviour, then it is of interest to understand
what other factors are found to be consistently related to flood mitigation behaviour. This
section provides a review of the factors that influence private flood mitigation behaviour,
which has not been available, so far. It aims to identify the most important factors, thereby
reducing the existing complexity in the current literature. An overview of the examined
factors is provided in Table 5.4. The table provides the p-values of the examined factors and,
where applicable, effect sizes such as correlation values, standardized regression coefficients
or marginal effects.
Table 5.4: Factors that are observed to be of influence on private flood mitigation behaviour
Independent variable

Experience with flooding
Flood experience

(Severity of) Damage
suffered
Experience with
Evacuation

Paper

Correlations (r), standardized
Beta weights (β), Odds ratios
(Exp(B)), Marginal effects (ME)

Significance (p)

Siegrist and Gutscher (2006)
Lindell and Hwang (2008)
Thieken et al. (2007)
Siegrist and Gutscher (2008)
Kreibich et al. (2005)
Takao et al. (2004)
Thieken et al. (2006)
Grothmann and Reusswig (2006)c
Kreibich et al. (2011b)
Knocke and Kolivras (2007)
Takao et al. (2004)
Miceli et al. (2008)
Grothmann and Reusswig (2006)c
Botzen et al. (2009b)
Botzen and van den Bergh (2012)

β =0.18
r=0.17 and 0 .14
r=0.28 to 0.30a
Exp(B)=2.5 to 8.6b
n.a.
n.a.
n.a.
r= 0.28 -0.34
n.a.
n.a.
n.a.
r= 0.14
r= 0.29 - 0.39
ME=-0.1289
ME=0.18

p<0.001
p<0.05
n.s. to p<0.05
p<0.01 - p<0.001
p<0.05
n.s.
p<0.01
p<0.01
n.s.-p<0.05
p=0.05
p<0.01
p<0.01
p<0.01
n.s.
p<0.01

r=0.15 (β=0.17)
n.a.
r=0.04 to 0.13

p<0.01
n.s. to p<0.01
n.s

Fear of or worry about flooding
Feeling of worry or fear
Miceli et al. (2008)
Takao et al. (2004)
Grothmann and Reusswig (2006)c
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PFRS
Dread of flood

Miceli et al. (2008)
Zaleskiewicz et al. (2002)

Knowledge about flood hazard
Knowledge about floods
Thieken et al. (2007)

Information on floods
Climate change causes
higher flood risk

Botzen et al. (2009b)
Thieken et al. (2006)
Kreibich et al. (2005)
Zaleskiewicz et al. (2002)
Miceli et al. (2008)
Lindell and Hwang (2008)
Botzen et al. (2009b)
Botzen and van den Bergh (2012)

Socio-economic and geographic variables
Past tenure
Lindell and Hwang (2008)
Tenure expectations
Lindell and Hwang (2008)
Household size
Kreibich et al. (2005)
Objective risk
Ethnicity
Perceived elevation
Marital status
Age

Gender

Education

Income

Distance to river / water
body
Close to river
Rural area
Ownership

Zaalberg et al. (2009)
Siegrist and Gutscher (2006)
Lindell and Hwang (2008)
Zaalberg et al. (2009)
Zaalberg et al. (2009)
Grothmann and Reusswig (2006)c
Botzen et al. (2009b)
Miceli et al. (2008)
Lindell and Hwang (2008)
Knocke and Kolivras (2007)
Zaalberg et al. (2009)
Botzen and van den Bergh (2012)
Grothmann and Reusswig (2006)c
Botzen et al. (2009b)
Botzen and van den Bergh (2012)
Miceli et al. (2008)
Lindell and Hwang (2008)
Knocke and Kolivras (2007)
Zaalberg et al. (2009)
Grothmann and Reusswig (2006)c
Botzen et al. (2009b)
Botzen and van den Bergh (2012)
Miceli et al. (2008)
Lindell and Hwang (2008)
Zaalberg et al. (2009)
Grothmann and Reusswig (2006)c
Botzen et al. (2009b)
Lindell and Hwang (2008)
Zaalberg et al. (2009)
Botzen and van den Bergh (2012)
Kreibich et al. (2005)
Miceli et al. (2008)
Lindell and Hwang (2008)
Botzen and van den Bergh (2012)
Botzen et al. (2009b)
Botzen et al. (2009b)
Botzen and van den Bergh (2012)
Thieken et al. (2007)
Kreibich et al. (2005)
Grothmann and Reusswig (2006)c
Zaalberg et al. (2009)

Hindrances for private flood mitigation
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r=0.11
r=0.3b

p<0.05
n.s.to p<0.01

r= 0.23 to 0.28a
ME=-0.1398
n.a.
n.a.
0.03b
r=0.14
r=0.03 and 0.12
ME=0.1514
ME=0.07

n.s. to p<0.05
p<0.05
p<0.01
p<0.05
n.s.
p<0.01
n.s. - p<0.05
p<0.01
p<0.01

r=0.06 and 0.03
r= -0.02 and 0.09
n.a.
r=0.067 to -0.077
β=-0.05 to 0.00
r= -0.11 and 0.16
r=-0.088 to -0.355
r=0.093 to 0.045
r=0.08 to 0.22
ME=-0.0013
r=0.07 (β=0.01)
r=0.02 and 0.1
n.a.
r=-0.012 to 0.066
ME=-0.03
r=0.03 to 0.1
ME=-0.0158
ME=-0.06
r=0.12
r= -0.02 and 0.06
n.a.
r=-0.088 to 0.005
r=-0.01 to 0.05
ME=0.0490
n.a.
r= -0.03
r= -0.01 and 0.07
r=0.001 to 0.004
r= 0.11 - 0.36
ME=0.000004
r= -0.06 and 0.08
r=0.017 to -0.075
ME=0.07
n.a.
r=0 .14 (β=0.11)
r= -0.16 and -0.08
ME=0.05
ME=0.0867
ME=0.3339
ME=0.13
r=0.26
n.a.
r=0.11 to 0.45
r=0.063 to -0.028

n.a.
n.a.
p<0.05
n.s.
n.s.
n.a. and p<0.05
n.s. to p<0.01
n.s.
n.s. - p<0.01
n.s.
n.s. (p<0.05)
n.a.
p<0.01
n.s.
p<0.01
n.s.
n.s.
p<0.05
p<0.05
n.a.
n.s.
n.s.
n.s.
p<0.1
n.s.
n.s.
n.a.
n.s.
n.s. - p<0.01
n.s.
n.a.
n.s.
p<0.01
p<0.05
p<0.01 (p<0.05)
n.a.
p<0.05
p<0.1
p<0.01
p<0.05
n.s. to p<0.05
p<0.05
n.s. - p<0.01
n.s.

Reliance on public flood
defence
Non protective responses
d

High costs
Government is perceived
as responsible
Availability of government
relief for damage

Grothmann and Reusswig (2006)c

r=-0.30 to 0.03

n.s. - p<0.01

r = -0.28 - -0.41
r=-0.28b
r=-0.24b

p<0.01
p<0.02
p<0.04

Botzen et al. (2009b)

ME=-0.3094

p<0.05

Botzen and van den Bergh (2012)

ME=-0.07

p<0.01

Botzen et al. (2009b)

ME=-0.0899

p<0.05

Grothmann and Reusswig (2006)
Siegrist and Gutscher (2008)
Siegrist and Gutscher (2008)

c

Coping appraisals
Effectiveness

Kreibich et al. (2005)
n.a.
p<0.05
Zaalberg et al. (2009)
β =0.69 to 0.76e
p<0.0001
Self-efficacy
Zaalberg et al. (2009)
n.a.
n.s.
Coping appraisal
Grothmann and Reusswig (2006)c
r=-0.02 to 0.38
n.s. - p<0.01
a
r values for different geographical locations are only reported if p<0.05 and if r ≥ 0.2.
b
The effect size has been calculated by the authors.
c
Four different precautionary measures are assessed separately from each other, which results in four different correlation
coefficients. Only statistically significant correlations (p<0.05) are included in the table.
d
Non-protective responses refer to factors such as wishful thinking, fatalism, or hopelessness.
e
Non-standardized regression coefficient.

5.3.1. Experience with flooding
Experience with hazards is often considered to have a powerful impact on the recognition of a
risk, and seems to be an important factor of influence on private mitigation behaviour
(Weinstein 1989). Almost all studies that examine the relationship between personal
experience and protective behaviour in the context of natural hazards find it to be positive.
Accordingly, experience with flooding is an explanatory variable for mitigation behaviour
that is examined by almost all reviewed studies. Except for Takao et al.(2004) and Thieken et
al. (2007), all studies find that previous experience of a hazard is statistically significantly
related to the adoption of private mitigation measures. The latter study reports a weak positive
correlation with mitigation behaviour for two out of six possible cases. Botzen et al. (2009b)
find that flood experience relates positively to individual flood risk perceptions in the
Netherland and demand for flood insurance (Botzen and Van den Bergh 2012), but not to
intentions to invest in mitigation measures once the effect of (higher) risk perceptions is
controlled for (Botzen et al. 2009b). This is probably because the influence of experience on
the intention to mitigate is mediated via risk perceptions, as is also reported by Zaalberg et al.
(2009). Also Kreibich et al. (2011b) find that the experience of an extreme flood event
significantly increases the level of preparedness, both among private households and
businesses. However, the reported correlation and regression values are often small or
medium in size (Siegrist and Gutscher 2006; Grothmann and Reusswig 2006; Thieken et al.
2007; Miceli et al. 2008; Lindell and Hwang 2008). It is furthermore suggested by the current
literature that it is not the experience with flooding, as such, that drives private mitigation
behaviour, but that the severity of the experienced negative consequences play an important
role (Takao et al. 2004; Grothmann and Reusswig 2006; Siegrist and Gutscher 2008).
Grothmann and Reusswig (2006) show that the severity of experienced flood damage can
explain 10-20 per cent of the variance in mitigation behaviour. Moreover, the timing of the
previous experience may play a role, since it can be expected that experiences with flooding
that are in the distant past have only a small influence on individual risk perceptions and
mitigation behaviour later in people’s lives. The International Commission for the Protection
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of the Rhine (ICPR) estimates that flood awareness mostly diminishes within seven years
after a flood and that only catastrophic disasters are remembered in the long term (ICPR
2002). This assumption is empirically supported by Wagner (2011), who shows that the halflife memory of damaging flash floods and landslides is 14 years. Wind et al. (1999) and Kron
and Thumerer (2002) discuss that flood damage is significantly lower in areas where people
have recently experienced a flood event, which is attributed to a better preparedness of the
population in the direct aftermath of a flood. Terpstra (2011) shows that the experience of the
catastrophic flood in the Netherlands in 1953 still influences people’s emotions towards
flooding. On the basis of the empirical literature it can be concluded that flood experience is
an important factor of influence on private mitigation behaviour. However, the literature also
suggests that this influence can fade away a few years after a flood event.

5.3.2. Fear of or worry about flooding
Examining risk perceptions and their relation to protective behaviour with cognitive variables,
such as the ‘perceived likelihood’ or ‘consequence’, reflects a very rational concept of the
term ‘risk’, and is in line with Expected Utility Theory (Starmer 2000). According to this
view, people’s reaction to a risk can be explained by “assuming that people assess the severity
and likelihood of the possible outcomes of choice alternatives, [...] and integrate this
information through some type of expectation based calculus to arrive at a decision”
(Loewenstein et al. 2001). This approach has been criticized on the grounds that it ignores the
influence that feelings have on the decision-making process (Miceli et al. 2008). It has been
shown that emotions influence the cognitive evaluation of a risk and the respective
behavioural response to it (Loewenstein et al. 2001; Sjöberg 2007). Accordingly, a number of
studies also include an independent variable of the affect component, such as ‘fear’ of or
‘worry’ about flooding (Siegrist and Gutscher 2006; Takao et al. 2004; Grothmann and
Reusswig 2006; Miceli et al. 2008; Zaalberg et al. 2009; Terpstra 2011). Most of these studies
do find a significant relation between these variables and the adoption of private flood
mitigation measures. Except for Grothmann and Reusswig (2006), all studies find a
statistically significant relationship between the variables ‘fear’ or ‘worry’ and the adoption of
flood mitigation measures. The reported effect sizes are rather small (Grothmann and
Reusswig 2006; Miceli et al. 2008). In conclusion, the majority of the reviewed literature
suggests that a positive relation exists between emotional items such as fear or worry about
flooding and the adoption of flood mitigation measures.

5.3.3. Knowledge about flood hazards
An important aspect in terms of risk communication is the question whether people who have
better knowledge about floods or who have received information about flood protection are
more likely to adopt mitigation measures than those who do not have such information. While
several studies find that increased knowledge and information correlates weakly positively
with precautionary behaviour, in some cases (Thieken et al. 2007; Miceli et al. 2008), Botzen
et al. (2009b) even find a negative influence between people’s knowledge about floods and
their willingness to invest in sandbags. Lindell and Hwang (2008) find no evidence that there
is a direct effect of information sources and flood mitigation behaviour when risk perception
is controlled for. Siegrist and Gutscher (2008) find that ‘lack of knowledge about flooding’
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does not relate to less mitigation behaviour. Similarly Zaleskiewicz et al. (2002) find that
there is no significant difference in terms of knowledge about floods between respondents
who bought flood insurance and those who did not. These results suggest that knowledge is
not always a very useful predictor of flood mitigation behaviour.

5.3.4. Socio-economic and geographical factors
A number of studies also include socio-economic and geographical factors to explain
mitigation behaviour, for instance, age, gender, income, and the objective risk. A factor that is
found to have a small to medium effect on mitigation behaviour in three studies is ownership
of a building. Tenants, on the other hand, have a lower demand for mitigation (Kreibich et al.
2005; Grothmann and Reusswig 2006; Thieken et al. 2007). This should not come as a
surprise because tenants do not have to pay for the full damage of flooding to a building.
Moreover, tenants usually need the approval of the owner when making considerable changes
to the building, such as installing structural flood protection (Grothmann and Reusswig 2006).
Even though women tend to have a higher risk perception, in general, this does not seem to
translate into a higher protective behaviour compared with men (Botzen et al. 2009b;
Grothmann and Reusswig 2006; Lindell and Hwang 2008; Knocke and Kolivras 2007;
Zaalberg et al. 2009). As far as flood insurance is concerned, Botzen and van den Bergh
(2012) find that women are significantly less willing to pay for flood insurance than men.
Lindell and Hwang (2008) report no significant relation between being female and the
purchase of flood insurance, and also Zaalberg et al. (2009) find no influence of gender on the
intention to undertake mitigation measures. Furthermore, both age and the level of education
seem to have a very small or no impact on precautionary behaviour (Grothmann and
Reusswig 2006; Lindell and Hwang 2008; Knocke and Kolivras 2007; Zaalberg et al. 2009;
Botzen and Van den Bergh 2012). Moreover, the distance to a river or water body appears to
have little effect on actual mitigation behaviour in most of the cases (Botzen et al. 2009b;
Miceli et al. 2008; Lindell and Hwang 2008). Botzen et al. (2009a) find that individuals who
live close to a main river have higher risk perceptions, and that living close to a river relates
marginally significantly to demand for mitigation, and significantly to flood insurance
demand (Botzen et al. 2009b; Botzen and Van den Bergh 2012). Nevertheless, the overall
explanatory power of objective risk factors is low, which is in line with the findings of
Siegrist and Gutscher (2006), who show that the objective risk, as defined by experts, does not
relate to actual mitigation behaviour. Moreover, Botzen and van den Bergh (2012) observe
that demand for flood insurance is not significantly related to the elevation of the respondents’
house relative to potential water level or to the existence of flood protection infrastructure. It
might be expected that individuals with a higher income are more willing to invest in flood
mitigation measures, because they have more financial resources. Nevertheless, the relation
between income and mitigation demand is insignificant in the study of Botzen et al. (2009b),
although income is significantly related to insurance demand, albeit with a small marginal
effect (Botzen and Van den Bergh 2012). The former result is inconsistent with the finding of
Lindell and Hwang (2008) and Zaalberg et al. (2009), who observe insignificant correlation
values between income and flood mitigation, while the latter result is consistent with the study
of Grothmann and Reusswig (2006).
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Lindell and Hwang (2008) do not find a correlation at a statistically significant level between
past tenure of the property and future tenure expectations and mitigation behaviour or the
purchase of flood insurance. The discussed results show that only a few socio-economic and
geographical factors are consistently related to flood mitigation behaviour. This suggests that
socio-economic variables alone are not sufficient to explain precautionary behaviour towards
flooding (Zaalberg et al. 2009).

5.3.5. Hindrances for private flood mitigation
An aspect that has received relatively little attention in current empirical work on mitigation
behaviour is factors that deter people from adopting precautionary measures. Botzen et al.
(2009b), and Grothmann and Reusswig (2006) show that people who perceive the government
as responsible for compensating flood damage are less likely to take flood mitigation
measures than others. Botzen et al. (2009b) find that the availability of government
compensation for flood damage, as well as the perceived responsibility of the government,
relates negatively to the willingness of homeowners to buy sandbags. Moreover, Botzen and
van den Bergh (2012) find that demand for flood insurance is significantly lower if ad hoc
compensation of flood damage by the government is available. Grothmann and Reusswig
(2006) report that the reliance on public flood protection could explain between 1 per cent and
10 per cent of the variance in mitigation behaviour. Moreover, also the influence of trust in
flood protection provided by the government on flood mitigation behaviour has been
examined. No significant direct effect on flood preparedness intentions was found by Terpstra
(2011). However, he shows that the effects of trust result in reduced risk perceptions and had
a mediating effect on lower preparedness intentions. Other factors that have been shown to
have a significant negative effect on protective behaviour are what are called non-protective
responses, such as wishful thinking, hopelessness or fatalism. For these variables, Grothmann
and Reusswig (2006) find small to medium negative correlation values with mitigation
behaviour, and these values are consistently higher than those for risk perceptions. Siegrist
and Gutscher (2008) report that hopelessness and the high costs of mitigation measures play
an important role in explaining why people with flood experience did not undertake a
preventive measure. These results show that there are a number of variables that can explain
why people actually refrain from undertaking precautionary measures. Interestingly, studies
that include such variables find that these factors often have a larger effect on mitigation
behaviour than risk perception variables (Botzen et al. 2009b; Grothmann and Reusswig
2006).

5.3.6. Perceived effectiveness and coping appraisal
Indicators of the coping appraisal of individuals, such as the perceived effectiveness of flood
mitigation measures have received relatively little attention in the current literature on
mitigation behaviour. These are very interesting variables since they can be targeted in risk
communication strategies. According to PMT, coping appraisal is decisive because it
influences whether people react to a perceived risk in a protective way. This is supported by
the majority of studies that include such a variable. Reported correlation values range from
small to medium (Kreibich et al. 2005; Grothmann and Reusswig 2006; Zaalberg et al. 2009;
Siegrist and Gutscher 2008). Grothmann and Reusswig (2006), who apply PMT in the context
78

of flood risk, find that coping appraisal could explain an additional 2 to 21 per cent of the
variance in mitigation behaviour, which is a significantly higher R2 value than for perceived
risk. Zaalberg et al. (2009) find that the perceived effectiveness of mitigation measures is
positively related to the intentions to adopt flood mitigation measures, while the perceived
self-efficacy is not. Overall, these findings support the argument that coping appraisal is an
important determinant for private flood mitigation behaviour.

5.4. Conclusion
Given the observed shift towards more integrated flood management strategies, flood-risk
perceptions have received growing attention because they are considered to be important
indicators of flood management. The main reason for this is the supposed positive relation
with flood mitigation behaviour. This study has examined whether the current focus on floodrisk perceptions as a means to explain and stimulate private flood mitigation behaviour is
supported on both empirical and theoretical grounds.
Our review of the current empirical literature has shown that the supposed positive relation
between flood risk perceptions and the adoption of private mitigation measures is hardly
observed in cross-sectional studies. Two arguments are provided that could serve as an
explanation for the weak relationship that was found. First, on the basis of Protection
Motivation Theory (PMT), a theoretical framework is discussed that explains why high risk
perceptions do not necessarily lead to the adoption of mitigation measures. In order to result
in a protective response, high risk perceptions of an individual need to be accompanied by
high coping appraisal, and thus the belief in being able to cope with or to avoid the risk.
Second, a possible feedback from previously-adopted mitigation measures which lead to
lower risk perceptions has hardly been considered by the current literature. This
methodological reason can serve as an additional explanation for the observed weak
relationship, and is supported by the observation that studies which examine intentions to
mitigate mostly find positive relations with risk perceptions.
Since flood risk perceptions are found to be rather weak predictors of protective behaviour,
we also provided an overview of other factors that have an influence on mitigation behaviour.
The analysis in Section 5.3 showed that socio-economic and geographical factors like gender,
income or the objective risk faced by respondents are also poor predictors of precautionary
behaviour. To better explain flood mitigation behaviour, perceptual factors other than risk
perceptions, such the perceived effectiveness of measures, their estimated costs, and the
perceived responsibilities in flood management but also fatalism and wishful thinking all need
to be taken into account, as is apparent from the results of a number of studies. These
empirical findings are in line with PMT, which considers these cognitive appraisal and
response processes as important explanatory factors of precautionary behaviour. The literature
review provided in this paper thus suggests that PMT can provide valuable insights for
explaining flood mitigation behaviour, which is useful for integrated flood-risk management.
Currently, risk awareness-raising as a means to stimulate flood mitigation behaviour is an
important tool in current and envisaged flood management (Wasserhaushaltsgesetz 2009).
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While it is obvious that people need to be aware of a certain risk in order to possibly react to
it, our findings indicate that the predominant focus on risk awareness (or perception) will not
be sufficient to manage the intended transition to more integrated flood management. It is
suggested that a sole focus on risk awareness-raising can potentially even lead to nonprotective responses, such as fatalism, denial, and wishful thinking.
Given the important role that coping appraisal and the perceived responsibilities for flood
management play in translating a high risk perception into protective behaviour, these aspects
should receive greater attention in risk communication policies and future research on flood
mitigation behaviour. To stimulate the coping appraisal and thus protective response of people
at risk of flooding, risk communications should be accompanied by additional information on
the effectiveness of flood mitigation measures, and together with practical guidance on how to
implement them. Additional research is needed that examines how different flood risk
communication strategies influence flood coping appraisal. Even though coping appraisal is a
construct of three cognitive processes: namely, response efficacy, self-efficacy, and response
costs, it is often treated as a single variable by the existing literature. Better targeted flood-risk
communication strategies could be developed, by gaining more insights into the separate
influence of these three variables on flood mitigation behaviour. Further research could focus
on which of the three elements of coping appraisal should be especially emphasized and
supported by risk communication strategies
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Chapter 6
Do flood risk perceptions provide useful insights for flood risk
management? Findings from central Vietnam
Abstract
Following the renewed attention for non-structural flood mitigation measures implemented at
the household level, there has been an increased interest in individual flood risk perceptions.
The reason for this is the commonly-made assumption that flood risk perceptions drive the
motivation of individuals to undertake flood mitigation measures, as well as the public’s
demand for flood protection, and, therefore, provide useful insights for flood risk
management. This study empirically examines these assumptions by presenting data from a
survey conducted among 300 households in central Vietnam. In terms flood risk
communication and the stimulation of precautionary behaviour, our findings indicate in line
with chapter 5 that the current predominant focus on flood risk perceptions in the academic
literature and risk communication policy might not be supported. Hence, the study provides
an important contribution to the existing literature that mainly studies flood risk perceptions in
developed countries.

This chapter was published as P. Bubeck, W.J.W. Botzen, L.T.T. Suu and J.C.J.H. Aerts (2012) Do flood risk
perceptions provide useful insights for flood risk management? Findings from central Vietnam, Journal of Flood
Risk Management, 5(4), 295-302.

6.1. Introduction
Floods are frequently causing substantial social and economic losses worldwide (CEA 2007;
Tran et al. 2010; Munich Re 2011). In recent decades, non-structural flood mitigation
measures12 implemented at the household level, such as waterproofing of buildings, adapted
use or the deployment of mobile flood protection devices, have received renewed attention,
both in the EU and in developing countries (ICPR 2002; Few 2003; Brouwer et al. 2007;
Kreibich et al. 2011a). In the EU, this renewed interest results from the renunciation of
predominantly technical flood protection approaches towards more integrated risk concepts
(Büchele et al. 2006; European 2007; de Moel et al. 2009). The latter take into account that
technical flood defences might fail, and, therefore, also consider means to reduce the
consequences of potential flooding. Moreover, it is increasingly acknowledged that technical
flood defence measures need to be complemented by non-structural flood mitigation risk
reduction measures because of the projected increase in flood risk in many regions due to
climate change and on-going development in flood-prone areas (Nicholls et al. 2008; te Linde
et al. 2011; Kummu et al. 2011), as well as the considerable uncertainties associated with
these developments (de Moel and Aerts 2011). In developing countries, the mixed success of
structural flood protection measures has added further impetus to the tendency to increasingly
focus on interventions on both the household and the community level to reduce the impacts
of flooding (Few 2003; Asian Disaster Preparedness 2006; Brouwer et al. 2007). In addition,
developing countries often have limited financial resources to bear the considerable costs of
providing flood protection measures on a large scale, and will thus rely on other means to
reduce the impacts from flooding (Few 2003).
The shift to integrated risk management concepts has been accompanied by a growing interest
in individual and societal flood risk perceptions (e.g. Siegrist and Gutscher 2006; Botzen et al.
2009a; Kreibich et al. 2009; Terpstra et al. 2009). Moreover, risk perceptions are often studied
as they are commonly one component of models that seek to explain decision making in
response to threats, such as for instance Protection Motivation (see chapter 5). Flood risk
perceptions are defined in the present paper as follows: ‘Perceived risk’ relates to the
combined measurement of ‘perceived probability’ and ‘perceived consequences’ of a possible
flood event. In addition, in this paper we refer to the two single facets of the term ‘perceived
risk’: namely, the ‘perceived probability’ (or likelihood) and the ‘perceived consequences’ of
a possible flood event. ‘Risk perceptions’ is used as the generic term and relates to all three
definitions. Risk perceptions are commonly studied because it is assumed that they can
provide useful insights for the development of flood risk management policies (e.g. Kellens et
al. 2011). In this respect, two important aspects will be discussed and empirically investigated
in this study. First, high flood risk perceptions of an individual are often assumed to be related
to a higher motivation to undertake flood mitigation measures (Plapp and Werner 2006;
Plattner et al. 2006). Second, individual risk perceptions are also taken into account by policy
makers and influence public policies that address risks (Sjöberg 2001; Kellens et al. 2011).
Risk perception ratings could, for instance, provide an indication for policy makers of the type
12

Non-structural flood mitigation measures are defined in this paper as any measures taken at the household
level that reduce flood risk.
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of risks that are perceived as high by society, and should therefore be reduced by
governmental policies.
However, a growing number of studies do not in fact support the assumption that risk
perceptions, per se, provide useful insights for flood risk management. A review of peerreviewed studies that empirically investigate the relation between individual flood risk
perceptions and mitigation behaviour shows that this link is hardly observed (Bubeck et al.
2012a). A possible explanation for this is that the feedback from already-adopted mitigation
measures on risk perceptions is often not accounted for in these studies (Weinstein et al.
1998). Moreover, Sjöberg (1999) showed, for several empirical studies and various risks, that
risk perceptions per se do not necessarily provide information on the public’s demand for risk
reduction policies. He shows that only a certain aspect of risk perceptions provides useful
insights into demand for risk reduction: namely, the perceived consequences of a hazard
(Sjöberg 1999, 2000).
A main limitation of the current literature on flood risk perceptions and mitigation behaviour
is that these studies have been predominantly conducted in Europe, the USA, and other
developed countries (e.g. Grothmann and Reusswig 2006; Siegrist and Gutscher 2006; Lindell
and Hwang 2008; Miceli et al. 2008). Studies from developing countries are mostly lacking,
while such studies are important to confirm whether the main findings of studies in developed
countries also apply in a different socio-economic and cultural environment. This lack of
knowledge on individual risk perceptions and mitigation behaviour in developing countries is
problematic, since it is especially these countries which already face major impacts from
flooding (Few 2003; Tran et al. 2010).
This study presents the results from a recently conducted survey using face-to-face interviews
with 300 respondents in a flood-prone province in central Vietnam. The data provide new
insights into: the relation between flood risk perceptions and flood mitigation behaviour when
controlling for already-adopted mitigation behaviour in cross-sectional studies; the relevance
of risk perceptions for risk management policies in terms of the public’s demand for risk
reduction policies; and the transferability of findings of existing studies to a developing
country like Vietnam. The remainder of this article proceeds as following. Section 6.2 reflects
in more detail the usefulness of flood risk perceptions for flood risk management. Section 6.3
presents the results of the survey conducted in Thua Thien Hue province in central Vietnam
including a discussion of the findings. Finally, section 6.4 concludes on the implications for
risk communication, and for policies that aim to encourage private precautionary behaviour.

6.2. Flood risk perceptions and risk management
6.2.1. The relation between individual risk perceptions and flood mitigation
behaviour
Following the renewed attention for non-structural flood mitigation measures implemented at
the household level, there has been an increased interest in the socio-economic and perceptual
factors that influence precautionary behaviour (Siegrist and Gutscher 2006; Thieken et al.
2007; Terpstra et al. 2009; Zaalberg et al. 2009). Most research on perceptual factors focuses
on flood risk perceptions (Grothmann and Reusswig 2006). This can be explained by the
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assumption that individuals with high flood risk perception are more likely to undertake flood
mitigation measures than others. However, this is not supported by the majority of studies that
have examined the relation between flood risk perceptions and mitigation behaviour since
these studies found no or only a statistically weak relation (for an overview, see Bubeck et al.
2012a).
One explanation for this that has been put forward in the literature refers to a methodological
aspect of risk perception research (Weinstein et al. 1998): apart from a few exceptions
(Terpstra et al. 2009), the available studies are cross-sectional in nature and investigate the
relation between risk perceptions and already performed flood mitigation measures for a
certain sample group at one specific moment in time. However, such a study design does not
account for the feedback of an already-adopted flood mitigation measure on the risk
perceptions of a respondent. The risk perceptions of an individual who has implemented a
mitigation measure are likely to decrease after the measure has been installed (Weinstein et al.
1998; Grothmann and Reusswig 2006). If this individual is then included in a cross-sectional
survey, the relation between the initially high risk perceptions and the already performed
mitigation measures can therefore no longer be detected (Weinstein et al. 1998).
In order to overcome this methodological shortcoming, and to gain a more accurate picture of
the relation between risk perceptions and mitigation behaviour, it has been proposed in the
literature to ask respondents for their intentions to undertake a measure (Weinstein et al.
1998). By eliciting behavioural intentions, the relation between the two variables is not
disturbed by the feedback of an already-adopted mitigation measure. The few studies that take
this methodological aspect into account and elicit mitigation intentions detect a statistically
significant positive relation with mitigation behaviour (Botzen et al. 2009b; Zaalberg et al.
2009; Terpstra 2011). This suggests that controlling for prior mitigation behaviour can solve
the methodological problem of the cross-sectional research design, and can more accurately
detect the relation between risk perceptions and precautionary behaviour. Nevertheless, it
should be noted that those studies that do control for past mitigation behaviour also find a
rather weak relationship with risk perceptions (e.g. Botzen et al. 2009b).

6.2.2. Risk perception as an indicator for risk management policies
In addition to the empirical finding that flood risk perceptions are a rather weak indicator for
mitigation behaviour (Miceli et al. 2008), there are other reasons to question the importance of
risk perceptions per se for the understanding and management of risk in policy contexts. The
argument provided below thereby refers explicitly to eliciting the perceived risk, and thus the
combined measurement of perceived probability and perceived consequences.
In general, it can be expected that politicians are to a considerable degree influenced by the
public opinion. Also, the risk perception ratings of the public are taken into account by policy
makers and influence policies that address risks (Sjöberg 2001, 2002). Risk perception ratings
could, for instance, provide an indication for policy makers of the type of risks that are
perceived as high by society, and should, therefore, be reduced by governmental policies.
Risk perceptions could thus be used as an indicator for the public’s demand for (flood) risk
reduction policies. Also in Thua Thien Hue province, the public opinion and risk perceptions
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are considered during the policy process. An example of this is the recently adopted ‘Action
Plan on Climate Change’. This action plan was drafted by the Department for Natural
Resources and Environment (DONRE) in cooperation with a local NGO and took into
account the findings of a survey among local communities on risk perceptions and adaptation
priorities, as well as additional input from stakeholders (DONRE and CSRD 2010). However,
Sjöberg (1999) points out that ratings of perceived risk by individuals predominantly reflect
the perceived probability of an event and hardly ever the perceived consequences. A number
of empirical studies have demonstrated, however, that the demand for risk reduction is
predominantly related to the perception of the consequences of an event (Sjöberg 1999, 2000).
Therefore, ratings of perceived risk, which mainly reflect probability ratings, are mostly
irrelevant if one tries to understand and to advise on policy regarding the public’s priorities
for risk reduction policies. Insights on this aspect need instead to be drawn from the ratings of
perceived consequences.

6.3. Case study in central Vietnam
In order to obtain further insights into the relevance of flood risk perceptions for flood risk
management, we address the aforementioned research gaps in an empirical survey that
delivers three main innovations. First, to avoid the methodological problem discussed in
Section 6.2.1, we examine the relation between flood risk perceptions and the intention of
respondents to adopt flood mitigation measures.
Second, it was discussed in Section 6.2.2 that insights into the public’s risk tolerance and
consequently the public’s demand for risk reduction policies are mainly provided by the
perceived consequences. However, it has not yet been studied whether this finding applies to
those respondents who actually face flood risk, which will be specifically examined in this
study.
Third, previous research on the relation between flood risk perceptions and mitigation
behaviour and the public’s demand for risk reduction policies comes predominantly from
Europe and the USA (e.g. Sjöberg 1999; Grothmann and Reusswig 2006; Miceli et al. 2006).
To complement this work, and to gain insights into whether findings can be generalized crossculturally, we present data from central Vietnam, which is a region that is heavily impacted by
floods.

6.3.1. Study area
Thua Thien Hue is a coastal province located in Central Vietnam with a total area of
approximately 5,000 km2 (Figure 6.1). The West of the province borders the Lao People’s
Democratic Republic, and is characterized by the Truong Son Mountain Range with peaks of
up to 1346 m (‘Don Pho peak’). The coastal plains and the Tam Giang lagoon are located in
the East of the province. The most important river in the province is the Huong (Perfume)
River that flows into the lagoon and eventually drains into the Pacific. The largest city of the
province is Hue which is a UNESCO world heritage site. Currently, about 1.31 million people
inhabit the province, of whom 330,000 reside in the city of Hue (Tran and Shaw 2007; Tran et
al. 2009). The province is prone to natural disasters, and has frequently been affected by
flooding, typhoons, and droughts. Between 1975 and 2005, 40 flood events occurred along the
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Huong River. The most disastrous flood happened in November 1999 during a typhoon,
which inundated 90 per cent of the lowlands and lasted for one week. In total, 352 people
were killed, 25,000 houses were washed away, and about 160,000 cattle died. In total, the
flood caused direct damage costing as much as USD 120 million, which is an enormous
amount for a developing country (Tran and Shaw 2007; Tran et al. 2009).

Figure 6.1: Case study area in Vietnam

6.3.2. Method and sample characteristic
To gain further insights into the usefulness of flood risk perceptions for flood risk
management, a questionnaire was developed that contained the following four sections: (1)
Personal and household characteristics; (2) Questions on risk perception; (3) Knowledge and
expectations about climate change; and (4) Experience of, and adaptation to, natural disasters.
A complementary report on the qualitative results of the study can be accessed under
http://www.adapts.nl/publications/. Before implementing the main survey, the questionnaire
was pre-tested by local interviewers with 90 respondents in a neighbouring province in
Vietnam. The pre-test was conducted in order to test the questionnaire and to make sure that
the respondents were able to easily understand the questions. As a result of the pre-test, a
question on the perceived frequency of floods was removed from the questionnaire, because it
was perceived as repetitive and difficult by the respondents. The pre-test showed that the
other questions were not too difficult for respondents. Subsequently, the main survey was
administered in the two communes using face-to-face interviews by trained and experienced
local interviewers, both male and female. Thuy Bieu commune lies on the banks of the
Perfume River in the vicinity of Hue city, and Hai Duong commune is situated close to the
lagoon and the sea (Figure 6.1). In August 2009, 150 people were interviewed in each of the
two communes, which resulted in a total of 300 respondents. The age of the respondents
ranges from 20 to 87 years, with an average of 49.8 years. 46.3 per cent of the respondents
were male. The two communes have been selected as our sample area because they are
geographically and socio-economically representative for Thua Thien Hue province. In
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particular, Hai Duong faces flood hazards from both the sea and the lagoon, and Thuy Bieu
faces a flood hazard from the Huong River, which means that the main causes of floods in
Thua Thien Hue province (sea, river and lagoon) are present in our sample area. Moreover, by
choosing respondents from Hai Duong and Thuy Bieu, the sample mirrors the predominant
livelihoods of people living in Thua Thien province. The livelihoods varied in the two
communes because of differences in their location. In Hai Duong, the people’s main source of
income is fishing (40 per cent) and aquaculture (20 per cent). Moreover, 17 per cent make a
living from rice farming and 34 per cent provide small services. In Thuy Bieu, the family’s
income is generated from rice (26 per cent) and crop farming (20 per cent), or from growing
perennial plants (19 per cent), while 38 per cent of the families earn their living from running
small businesses. People in both communes live, on average, 300 m away from the river,
ranging from the river bank up to 2 km away from the river. In Hai Duong, people also live
very close to the sea (mean distance = 428 m), which indicates the high vulnerability of this
commune.

6.4. Results and Discussion
6.4.1. Risk perceptions and the intention to adopt flood mitigation measures
To examine the role flood risk perceptions play in prompting actual mitigation behaviour, the
300 respondents were asked to rate their (a) perceived probability; and (b) their perceived
consequence of potential future flooding, on a scale from 1 to 7. A rating of 1 indicates that a
flood event will not happen at all, and that it therefore has no consequences at all, while a
rating of 7 indicates that a flood event will definitely happen, and that the consequences of a
flood are considered to be extremely high. Both the mean rating and the standard deviation
were found to be higher for the item perceived probability (mean=5.67 and std. dev.=1.69)
than for the perceived consequences (mean=5.36 and std. dev.= 1.23). Overall, risk
perceptions are high, with mean scores above 5. The fact that the perceived probability has a
higher standard deviation indicates a larger variability in responses, which is in line with the
literature that shows that individuals find it difficult to rate probabilities (Viscusi 1998). A
comparison between the two communes by means of the Mann-Whitney Test revealed that no
significant difference exist for the variable perceived probability. A significant difference
(p<0.03) was found for the variable perceived consequence between the two communes. With
a mean rating of 5.54, respondents in Hi Duong associated higher consequences with floods
compared with respondents in Thuy Bieu (mean=5.19). This can most likely be explained by
the higher destructive power of coastal floods compared with river floods (e.g. Nadal et al.
2010), as well as the high vulnerability of the commune, which is located on a thin stretch of
land between the lagoon and the sea.
In order to gain further insight into the effect of controlling for previously adopted flood
mitigation measures (Section 6.2.1), respondents were also asked about their intention to
perform such measures in the future. A rating of 1 indicates that the respondent definitely
does not intend to undertake a mitigation measure, while a rating of 7 indicates that the
respondent definitely does intend to do so. As can be seen in Table 6.1, more than 20 per cent
of the respondents will ‘very likely’ or will ‘definitely’ undertake a flood mitigation measure,
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while 37 per cent answered that this is ‘likely’. This indicates that many respondents are
interested in undertaking flood mitigation measures in the future.
Table 6.1: Intentions of respondents to undertake a flood mitigation measure in the future
Answer category
Definitely not
Very unlikely
Unlikely
Neutral
Likely
Very likely
Definitely

% of responses
3.7
11.7
20.4
7.7
36.8
5.0
14.7

Table 6.2 presents the results of a correlation analysis of the intention to undertake a
mitigation measure and the two dimensions of flood risk perception. Spearman correlations
are provided to account for the non-parametric distributions of the variables.13 Both risk
perception dimensions have a small to medium correlation with the intention to undertake
flood mitigation. The fact that statistically significant correlations are found for the item
perceived probability, unlike almost all studies measuring this relationship (e.g. Kreibich et al.
2005; Miceli et al. 2008; Thieken et al. 2006; Knocke and Kolivras 2007), suggests that it is
important to control for previously adopted mitigation behaviour. The findings are in line with
other studies on flood risk perceptions that also control for previously adopted mitigation
behaviour and that did also find significant, although rather weak, relations between risk
perceptions and mitigation behaviour (for an overview of such studies, see Bubeck et al.
2012a).
Table 6.2: Correlations of intentions to mitigate with two components of risk perception
Intention to mitigate

Probability
0.222**

Consequence
0.144**

Note: ** Correlation statistic is significant at the 1% level (one-tailed).

In addition to the correlation analysis we performed a multiple regression analysis, because it
provides additional information by predicting the intention to undertake a measure from the
two dimensions of risk perception. The results are presented in Table 6.3. It is shown that both
risk perception items are rather weak predictors of the intention to perform flood mitigation
measures, because the model, which also included a constant term, can only explain 3.2 per
cent of the variance in the intention to mitigate. The perceived probability makes no
significant contribution to the model. Results from a t-test (t= 0.51 / sig. = 0.61) showed that
no significant difference exists for the two variables perceived consequence and perceived
probability. The results are comparable to other studies. Grothmann and Reusswig (2006) find
that risk perception explains only between 3 per cent and 6 per cent of the variance in
mitigation behaviour. Lindell and Hwang (2008) report that the perceived probability can only
13

The non-parametric (or non-normal) distribution of the data was examined by visual interpretation of the
frequency distributions as well as the Kolmogorov-Smirnov Test.
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explain 1 per cent of the variance in mitigation behaviour and 5.5 per cent of the variance in
the purchase of flood insurance. The fact that similar results were obtained in a completely
different socio-economic and cultural setting suggests that the findings can be generalized
cross-culturally.
Table 6.3: Regression analysis for the ‘intention to mitigate’ with two components of risk
perception
Constant
Perceived consequence
Perceived probability

Coefficient
3.014
0.118
0.126

Standard error
.461
.060
.084

p-value
0.00
0.05
0.13

Note: R2 = 0.03.

6.4.2. Risk perception and the demand for risk reduction
It was suggested in Section 6.2.2 that insights into the risk tolerance, and consequently the
public’s demand for risk reduction policies by governmental policies, should not be drawn
from risk perception ratings, as such, but from ratings of the perceived consequences. Until
our study, this relationship has, to the best of our knowledge, not been established for a
sample group facing flood risk in a developing country. Respondents were, therefore, also
asked to indicate their demand for flood risk reduction, on a scale from 1 to 7. A rating of 1
indicates that the respondent considers it as not important at all to prevent or alleviate the
negative impacts of floods, while a rating of 7 indicates that the respondent finds this
extremely important. Table 6.4 presents the results of a Spearman correlation analysis
between the general demand for flood risk reduction and the two dimensions of risk
perception. It is shown that the demand of respondents for reducing the negative effects of
flooding is significantly related to both the perceived probability and the perceived
consequences of a flood. The perceived consequences are slightly more highly correlated with
demand for mitigation than the perceived probability. Therefore, on the basis of the
correlation analysis, the hypothesis that it is predominantly the perception of the
consequences of a flood event that drives the demand for risk reduction is weakly supported.
Table 6.4: Correlations of demand for risk reduction with the two dimensions of flood risk
perception
Demanded mitigation

Perceived probability
0.406**

Perceived consequence
0.474**

Note: ** Correlation statistic is significant at the 1% level using a one-tailed test.

Next, we perform a multiple regression analysis because it allows us to predict the demand for
flood risk reduction using the two dimensions of risk perception. The results are given in
Table 6.5. It is shown that the item ‘perceived consequence of a flood’ is a much better
predictor of the general demand for flood risk reduction than the ‘perceived flood
probability’, as was suggested in Section 6.2.2. Both variables make a significant contribution
to explain the demand for risk reduction. The model, which also includes a constant term,
explains 31 per cent of the variance in the demand for flood mitigation, which indicates a
strong explanatory power based on standards in psychological research (Grothmann and
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Reusswig 2006).14 Results from a t-test (t= 3.01 / sig. = 0.00) moreover confirms that a
significant difference exists for the two variables perceived consequence and perceived
probability. The results are in accordance with previous empirical findings (Sjöberg 2000),
which suggests that they might be transferable cross-culturally.
Table 6.5: Regression analysis of the demand for risk reduction with the two dimensions of
flood risk perception
Constant
Perceived consequence
Perceived probability

Coefficient
2.736
0.455
0.090

Standard error
0 .265
0.048
0.035

p-value
0.000
0.000
0.010

Note: R2 = 0.31 **p < .001.

6.5. Conclusions
Flood risk perceptions have received growing attention in recent years owing to the
assumption that they provide useful insights for flood risk management. Moreover, they are
often studies because they are important components of theories explaining decision making
in response to threats, such as PMT (see chapter 5). To gain further insights into the relevance
of flood risk perceptions for flood management in terms of precautionary behaviour, as well
as the public’s demand for flood protection, we have presented data from a survey among 300
residents of flood-prone areas in central Vietnam. Unlike the vast majority of other studies,
we find weak to medium correlations between the perceived probability and the perceived
consequence of flooding and the intention to adopt flood mitigation measures. This suggests
that controlling for already-adopted mitigation measures in cross-sectional studies can more
accurately capture the relation between risk perceptions and mitigation behaviour.
Nevertheless, multi-regression analyses confirm that flood risk perceptions are rather weak
predictors of precautionary behaviour, even when previous mitigation behaviour is controlled
for by eliciting behavioural intentions. In addition, our findings support earlier empirical
studies that showed that knowledge of flood risk perceptions per se does not necessarily
provide useful insights for flood risk management. The results based on our sample of
households who face flood risk support the hypothesis that insights into the public’s demand
for risk reduction policies are mainly provided by the perceived consequences of flooding.
Our results have important implications for risk communication policy and the stimulation of
private precautionary behaviour. In line with the present focus of the literature on risk
perceptions, raising flood risk awareness is currently being considered as an important policy
tool to increase the preparedness of people at risk from flooding. Our findings suggest,
however, that increasing risk awareness per se might not a promising approach to achieve
14

To examine whether differences in the geographic location have an influence on demanded risk mitigation, the
influence of the location on demand as well as the effects of perceived probability and perceived consequences
on demand were tested in an extended regression model, which included a dummy variable of the region as well
as interaction terms of this dummy variable with the perceived probability and perceived consequences of
flooding. Results showed that the demand for mitigation as well as the effects of perceived probability and
perceived consequences on mitigation demand are not statistically different between the two regions.
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improved protection against flooding. Other factors, such as flood-coping appraisals have
been consistently found to provide more explanatory power in terms of precautionary
behaviour (e.g. Grothmann and Reusswig 2006). Flood coping appraisal refers to the
individuals’ perception of the effectiveness of flood mitigation measures, their perceived
ability to actually implement such measures, and the perceived costs in terms of time, money
and emotions of mitigation measures. Therefore, flood risk communication should provide
information on the cost effectiveness of flood mitigation measures, as well as practical
guidance on how to implement them (see chapter 5). Moreover, future research on flood
mitigation behaviour should increasingly focus on other perceptual variables than risk
perceptions, such as flood-coping appraisals.
This study is a useful contribution to the existing literature that predominantly comes from the
US and Europe, because insights are provided into whether the findings of previous studies
can be generalized cross-culturally. Since the results of the Vietnam survey are in line with
analyses of data from Europe and the US, it may be suggested that insights can be generalized
cross-culturally. However, more research on the comparability of empirical findings between
developed and developing countries in terms of factors that stimulate precautionary behaviour
is needed. This is especially important given the already high exposure of developing
countries to flooding today and the projected increase in flood risk in the years to come.
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Chapter 7
Detailed insights into the influence of flood-coping appraisals on
mitigation behaviour
Abstract
Insights into flood mitigation behaviour are important because of the on-going shift to riskbased flood management approaches in Europe and worldwide, which envisage a contribution
from flood-prone households to risk reduction. The recent literature on factors that influence
flood mitigation behaviour indicates that flood-coping appraisal is an important variable
to understand and explain flood mitigation behaviour. Coping appraisal originates from
Protection Motivation Theory (PMT), and refers to the cognitive process that people undergo
when evaluating their own ability to avoid a certain risk. However, the empirical literature on
the importance of coping appraisal is still scarce, and, in particular, little is known about the
independent influence of the three single components of coping appraisal on precautionary
behaviour: namely, response-efficacy, self-efficacy, and response cost. This study presents the
results of a recent survey among 752 flood-prone households along the river Rhine in order to
provide detailed insights into the influence of the components of flood-coping appraisal on
four different types of flood mitigation behaviour: structural building measures, adapted
building use, the deployment of flood barriers, and the purchase of flood insurance. The
results confirm that flood-coping appraisal is an important variable in terms of precautionary
behaviour. In particular, both response efficacy and self-efficacy contribute to the models
which explain the four different types of flood-mitigation behaviour. Based on these findings,
it is concluded that risk communication should focus more strongly on the potential of floodmitigation measures to effectively reduce or avoid flood damage, as well as on information
about how to implement such measures in practice.

This chapter has been submitted as P. Bubeck, W.J.W. Botzen, H. Kreibich and J.C.J.H. Aerts (2012) Detailed
insights into the influence of flood-coping appraisals on mitigation behaviour, Global Environmental Change –
Human and Policy Dimensions, in review.

7.1. Introduction
The acknowledgment that floods remain possible even in areas with comprehensive floodprotection works in place, has led to a shift to more integrated flood risk management
concepts in Europe and worldwide (Büchele et al. 2006; European Union 2007; Few 2003; de
Moel et al. 2009). Such integrated flood-risk management concepts focus not only on
investments in flood-prevention infrastructure, such as dikes, but in addition embrace
damage-mitigation measures implemented by households as a viable strategy to limit flood
risks. This complementation of traditional flood-protection strategies is considered important,
because it provides a hedge against the projected increase in flood risk resulting from the
combined effect of on-going socio-economic development in floodplains and the effects of
climate change (Aerts et al. 2008; de Moel et al. 2011; te Linde et al. 2011). Several studies
have shown that measures such as flood-adapted building use or the deployment of mobile
flood barriers can effectively reduce flood damage (e.g. Kreibich et al. 2005). At the same
time, it is often found that residents living in flood-prone areas do not adequately prepare
themselves for potential flood events (Kunreuther and Erwann 2009). Therefore, a growing
number of empirical studies have examined the factors that influence the precautionary
behaviour of flood-prone residents (Takao et al. 2004; Siegrist and Gutscher 2006; Thieken et
al. 2006; Botzen et al. 2009b; Terpstra 2011; Botzen and Van den Bergh 2012). Insights into
the factors that can explain flood mitigation behaviour are needed, because as part of
integrated flood-risk management approaches, private households are also increasingly being
required and encouraged through risk communications to contribute to flood-risk reduction by
implementing mitigation measures (ICPR 2002; Wasserhaushaltsgesetz 2009; Dawson et al.
2011).
The majority of studies that have examined the factors which influence precautionary
behaviour initially focused on flood-risk perceptions, such as the perceived probability or the
perceived consequences of flooding. However, the findings of most of these studies do not
support the assumption that risk perceptions per se are a good predictor of flood mitigation
behaviour (Bubeck et al. 2012a). A factor that has been shown to be consistently related to
flood mitigation behaviour is what is referred to as flood-coping appraisal (Grothmann and
Reusswig 2006; Zaalberg et al. 2009). The concept of coping appraisal originates from
Protection Motivation Theory (PMT), which is a widely adopted psychological model that
explains decision making in response to threats (Rogers 1975, 1983). Within PMT, coping
appraisal refers to the cognitive process that people undergo when they evaluate possible
actions in response to the perceived threat and their own ability to avert or avoid a certain
risk. It consists of three individual components referred to as ‘response efficacy’, ‘selfefficacy’, and ‘response cost’. Studies that have examined flood-coping appraisal consistently
found statistically significant relationships with flood mitigation behaviour (Grothmann and
Reusswig 2006; Zaalberg et al. 2009). This suggests that flood-coping appraisal is an
important variable to understand flood-mitigation behaviour and, therefore, is important for
flood-risk communications.

93

Even though it has been shown that flood-coping appraisal is an important explanatory
variable (see chapter 5), the literature on this subject is still scarce, in general, and little is
known about the independent influence of response efficacy, self-efficacy, and response cost
on household decisions to implement different flood-mitigation measures, in particular. A
limitation of the recent literature is that it applied a single variable ‘coping appraisal’ in
statistical models that explain flood mitigation behaviour, instead of examining each
component separately (e.g. Grothmann and Reusswig 2006). With regard to flood-risk
communications, it is important to gain further insights into the influence of the individual
components of coping appraisal on protective behaviour. Such insights could provide
important information for flood-risk management policies, because it indicates whether risk
communications should emphasize the effectiveness of flood mitigation measures (responseefficacy), should focus on providing practical guidelines on how to deploy such measures
(self-efficacy), or, whether the costs of protective measures should be addressed when
stimulating flood mitigation behaviour (response cost).
To gain insights into the influence of the three individual components of flood-coping
appraisal on precautionary behaviour, this study presents data from a survey conducted among
752 flood-prone households along the German part of the river Rhine. It examines, how
response efficacy, self-efficacy, and response cost relate to the implementation of four
different types of flood-mitigation measures: namely, structural building measures, adapted
building use, flood barriers, and the purchase of flood insurance. Moreover, other important
components of PMT and their influence on flood mitigation behaviour are examined, such as
‘threat appraisal’ and non-protective responses (see chapter 5).
The remainder of this article is organized as follows. Section 7.2 discusses the theoretical
background of (flood-) coping appraisal as well as the empirical findings with respect to flood
mitigation behaviour. Section 7.3 presents the sample characteristics of the survey and the
methods applied in this study. The results are provided and discussed in Section 7.4. Section
7.5 concludes, and discusses the implications of the findings for risk communication, and for
other policies that aim to stimulate flood mitigation behaviour.

7.2. Protection Motivation Theory
The concept of coping appraisal derives from Protection Motivation Theory (PMT) (Rogers
1975, 1983), which is considered to be one of the main theoretical frameworks to predict and
influence health-related behaviour (Milne et al. 2000; Floyd et al. 2000). Although PMT was
initially developed to explain protective health behaviour, it has been applied in several other
contexts, including technical and environmental risks, as well as natural hazards (Mulilis and
Lippa 1990; Weigman et al. 1992; Grothmann and Reusswig 2006).
In order to explain protection motivation, the model attempts to capture the two main
cognitive processes that people undergo when facing a specific threat: namely, ‘threat
appraisal’ and ‘coping appraisal’. Threat appraisal consists of the two variables ‘perceived
vulnerability’ (probability), and ‘perceived severity (‘consequence), and, thus, describes how
threatened someone feels by the respective risk. Coping appraisal, instead, refers to the
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cognitive process that people undergo when they evaluate possible responses to the threat they
face, as well as to their own ability to avert or avoid a certain risk. It consists of three separate
components referred to as ‘response efficacy’, ‘self-efficacy’, and ‘response cost’ (Rogers and
Prentice-Dunn 1997; Floyd et al. 2000). Response-efficacy describes whether a person
considers a protective measure as effective to reduce a certain risk. Self-efficacy indicates
whether a person feels able to actually implement a certain measure. Finally, response cost
refers to the financial, time and emotional costs that a person associates with implementing
the respective measures (Milne et al. 2000; Floyd et al. 2000). These two appraisal processes
influence an individual’s protection motivation, which is regarded as an intervening variable
that arouses, sustains, and directs the activity of individuals to protect themselves (Maddux
and Rogers 1983), and leads to a response that can be either protective or non-protective.
Protective measures are those actions that are suitable to actually reduce the threat and are
adopted if high risk perceptions are accompanied by (positive) coping appraisals. In contrast,
non-protective responses are adopted if high risk perceptions are accompanied by low coping
appraisals. While non-protective responses, such as wishful thinking, avoidance or denial, do
not actually reduce the risk itself, they can help to suppress negative emotions caused by the
cognitive dissonance of high risk perceptions and low coping appraisals (Festinger 1957).
Only a few studies have examined the influence of flood-coping appraisals on mitigation
behaviour, and find consistent relations with mitigation behaviour (Grothmann and Reusswig
2006; Zaalberg et al. 2009). Grothmann and Reusswig (2006) find that coping appraisal could
explain an additional 2 to 21 per cent in the variance of mitigation behaviour. Zaalberg et al.
(2009) find that the perceived effectiveness positively influences intentions for precautionary
behaviour, while self-efficacy does not. Furthermore, other studies that do not apply PMT, as
such, but examine variables that are part of the PMT framework, also find mostly statistically
significant relations with precautionary behaviour (for an overview, see Bubeck et al. 2012a).

7.3. Method and sample characteristics
7.3.1. The survey
To gain insights into the influence of flood-coping appraisals on precautionary behaviour, a
questionnaire was developed that consisted of about 45 questions which addressed the
following topics: flood-risk perceptions and coping appraisals, flood experiences, floodcoping responses, and the socio-economic characteristics of the respondents.
A pre-test of the questionnaire was conducted by the Umfragezentrum Bonn of the Rheinische
Friedrich-Wilhelms-Universität Bonn15 with 21 respondents of the target group using
computer-aided telephone interviews in April 2011. The experiences from the pre-test were
then used to further improve the comprehensibility and performance of the questionnaire.
Questions that were perceived as difficult by the respondents were reformulated. Questions
that were perceived as redundant were removed from the questionnaire. The implemented
changes substantially improved the performance of the questionnaire in terms of both the
15

http://www.zem.uni-bonn.de/arbeitsbereiche/umfragen-statistik/umfragezentrum
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response rate and the mean duration of the interviews. While only 54 per cent of the called
households completed the interview during the pre-test, a high response rate of about 83 per
cent was achieved during the main survey. The average duration of the interviews could be
reduced from 36 minutes during the pre-test to about 28 minutes during the main survey.
For the main survey, 752 telephone-aided interviews of flood-prone households along the
river Rhine in Germany were carried out in May and June 2011. The river Rhine has been
chosen as a case study because it is a densely populated river basin of major economic
importance, which has been affected in recent decades by several floods that caused
substantial economic damage (Kron and Thumerer 2002). Moreover, the integrated flood-risk
management concept ‘Action Plan on Floods’ has been adopted in response to the two major
floods along the Rhine in 1993 and 1995 by the riparian countries, and envisages that private
households should also contribute to risk reduction (ICPR 2002, 2006, 2007). Further impetus
to complement traditional flood protection with non-structural flood mitigation measures
results from the projected increase in flood risk along the Rhine due to the combined effects
of climate change and an increased vulnerability due to further socio- economic developments
in flood-prone areas (te Linde et al. 2011).
Flood-prone residential streets were identified using aerial photographs of past flood events16
(BFG 1995), and information provided by stakeholders such as the International Commission
for the Protection of the Rhine (ICPR)17, as well as using flood hazard maps (ICPR 2001). We
finally included in the survey only those households that used a room in the cellar or lived on
the ground floor of the respective building in order to ensure that respondents could
potentially suffer flood damage to their belongings. The interviews were always undertaken
with those persons who are involved in taking important decisions regarding the household.
The municipalities of the surveyed households are shown in Figure 7.1. An overview of the
sample characteristics is provided in Table 7.1. With 48 per cent of the respondents being
female and 52 per cent being male, the sample is marginally biased towards men compared
with the average German population (51 per cent female / 49 per cent male).18 The majority of
the surveyed households (mode) reported that their income belonged to the net-income class
ranging from €2501 to €3000. This compares very well to the average net income of
households in Germany of €2914 (Statistisches Bundesamt 2011). The average age of the
respondents was 58 years. This higher average age of the respondents compared with the
average age of the German population (43.7 years) can be explained by the fact that children
were excluded from the survey and that we interviewed household members who are involved
in important decisions regarding the household.

16

http://stadtplan.bonn.de/cms/cms.pl?Amt=Stadtplan&set=0_0_0_0&act=0
Mr. Adrian Schmid-Breton: personal communication.
18
http://www.destatis.de/jetspeed/portal/cms/Sites/destatis/Internet/EN/Navigation/Statistics/Bevoelkerung/Bevo
elkerungsstand/Bevoelkerungsstand.psml
17
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Figure 7.1: Postcode areas of the interviewed households
The majority of the respondents live in urban areas in the following housing types: singlefamily house (22 per cent); terrace house (15 per cent); detached two-family house (13 per
cent); and multi-family house (44 per cent). A high share of about 67 per cent of the
respondents had already experienced one or several floods. Almost half of the respondents (48
per cent) had implemented one or several flood mitigation measures, such as avoiding
installing an expensive fixed interior (27 per cent), installing a back-flow protection system
(26 per cent), using flood-resistant materials (13 per cent), avoiding placing expensive items
in flood-prone rooms of their house (34 per cent), or relocating the heating system above
potential water levels (14 per cent). About 24 per cent of the respondents had purchased an
insurance policy to cover potential flood damage.
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Table 7.1: Sample characteristics (n=752)
Variable

Percentage of total sample

Gender
Male
Female

51
49

Age
18-24
25-34
35-44
45-54
55-64
65 and above
Missing

1
5
14
21
22
37
0

Education
No graduation (school)
General education
Secondary school certificate
Vocational diploma
A levels
University /technical college degree
Missing

0
16
20
7
14
39
2

Income (€)
less than 750
751 until 1.000
1.001 until 1.500
1.501 until 2.000
2.001 until 2.500
2.501 until 3.000
3.001 until 3.500
3.501 until 4.000
4.001 until 5.000
more than 5.000
Missing

1
2
8
9
10
10
7
5
7
8
33

Ownership
Tenant
Owner

39
61

Variable

*Note: str.= structural measure, ad.= adapted use, ins.=insurance, barr.=flood barrier.
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Percentage of total sample

Type of house
Single-family house
Terrace house
Two-family house (detached)
Multi-family house (detached)
Multi-family house (building block)
High-rise building
Farm house
Other

22
15
13
20
24
1
1
3

Protected area (dike)
Yes
No
Missing

29
70
1

Location
Urban
Rural / Periphery

49
51

Flood experience
Yes
No
Missing

64
34
2

Precautionary measure
Yes
No

48
52

Types of measures
Avoid expensive items in flood-prone storeys (ad.)*
Avoid expensive fixed interior in flood-prone storeys (ad.)
Back flow protection (str.)*
Insurance against flood damage (ins.)*
Installing the heating in higher storeys (str.)
Fixed or mobile flood barriers (barr.)*
Improving building stability (str.)
Replacing the heating system to avoid oil contamination (str.)
Use of flood-resistant materials (str.)
Securing the oil tank to avoid contamination (str.)

34
27
26
24
20
17
14
14
13
7

7.3.2. Statistical methods
Figure 7.2 shows our research approach to examine the independent influence of response
efficacy, self-efficacy, and response cost, as well as other factors on implementing four types
of flood mitigation measures.

Figure 7.2: Flow chart of the logistic regression analyses applied to evaluate the individual
influence of flood-coping appraisals and other factors on four types of flood mitigation
measures.
Various flood mitigation measures were categorized into a commonly-used typology of flood
mitigation measures (ICPR 2002; Kreibich et al. 2005): namely, structural measures, adapted
building use, flood barriers, and flood insurance. The various measures, as well as the way
these were grouped into the four categories, are indicated in Table 7.1. Four binary variables
were created that indicate for each type of measure whether it was implemented by the
respondent. The four categorical variables were entered as dependent variables in a binary
logistic regression analysis (or logit model), together with 29 explanatory variables that are
expected to influence flood mitigation behaviour. A logistic regression was applied to take
account of the categorical nature of the dependent variable. Logistic regressions can be
regarded as an extension of (multiple) linear regression. A logistic regression allows us to
perform a regression analysis on categorical dependent variables by applying a logarithmic
transformation of the data. Instead of predicting the dependent variable directly, as is the case
in multiple linear regressions, it is the probability of the dependent variable occurring that is
estimated in a logistic regression. The estimated regression coefficients are difficult to
interpret owing to the logarithmic transformation of the data. To provide a more intuitive way
of interpreting the results, we, therefore, also estimate the odds ratio for each explanatory
variable. The odds ratio indicates the change in odds (or likelihood) of the dependent variable
occurring (i.e. having implemented the respective flood mitigation measure), as a result of a
unit change in the explanatory variable, ceteris paribus. The odds ratio (or) given x1 to the
odds ratio given x2 for response category k1 versus k2 is calculated as:

where px (k) is the probability for response category k given x. In general, an odds ratio above
1 indicates that, as the explanatory variable increases, the odds (or likelihood) of the
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dependent variable occurring also increase. Conversely, an odds ratio below 1 indicates that,
as the explanatory variable increases, the odds of the dependent variable occurring also
decrease (Field 2009).
The 29 explanatory variables in the four logistic regression analyses represent individual risk
perceptions, coping appraisals, non-protective responses, and, both the socio-economic and
the geographical characteristics of the respondents, such as distance from the respondents’
house to the river. A list of the key variables and their coding is presented in Table 7.2. To
exclude problems associated with multicollinearity, the correlation matrix of all explanatory
variables was checked for the presence of high correlations. All correlation coefficients were
smaller than 0.5, while coefficients larger than 0.8 are regarded to cause problems of
multicollinearity (Field 2009).
A separate logistic regression was performed for each of the four types of mitigation
measures. After entering all 29 explanatory variables, first, non-significant variables were
subsequently removed from the analysis on the basis of the Wald statistic. The explanatory
variable with the highest p-value was always removed step-wise from the analysis, until only
those variables remained in the four regression analyses that made a significant contribution
to the respective model at the 5 per cent significance level. The resulting four models of four
different types of flood mitigation behaviour and their determinants are referred to as ‘bestfitting models’ (see Figure 7.2). In a next step, all variables that were found to be a significant
predictor in at least one of the four best-fitting models were selected, and again entered in four
binary logistic regressions with each of the four types of mitigation measures as the dependent
variable. These final statistical models which explain flood-mitigation behaviour are referred
to as ‘complete models’. The purpose of estimating the complete model is to compare the
influence of coping appraisals and other explanatory variables that are significant in at least
one model on flood mitigation behaviour across the four different types of flood mitigation
measures. A slightly different procedure was followed for the income variable. Since a high
share of respondents did not want to reveal their income (33 per cent), income becomes a
limiting factor in the analyses by reducing the number of observations that can be included in
the regressions. Therefore, it was first checked for each of the four analyses whether income
significantly contributed to the best-fitting model. If this was not the case, the step-wise
removal processes were repeated without entering income as an explanatory variable.
Table 7.2: Key explanatory variables of the four regression models which explain four types
of flood mitigation measures and their coding
Explanatory variables

Description

Coding

Response efficacy

Respondents’ estimate of the effectiveness of
a specific flood mitigation measure

1 ineffective; 2 rather ineffective; 3 rather
effective; 4 effective

Self-efficacy

Respondents’ estimate of own ability to
actually implement a specific flood mitigation
measure
Respondents’ estimate of the cost of
implementing a specific flood mitigation
measure
Perceived probability of a flood event occurring
at the respondents’ household

1 unable; 2 rather unable; 3 rather able; 4 able

Response cost

Perceived probability

100

1 costly; 2 rather costly; 3 rather not costly; 4 not
costly
1 unlikely; 2 rather unlikely, 3 rather likely; 4 likely

Perceived consequence

Perceived consequences of a flood event

1 not bad; 2 rather not bad; 3 rather bad; 4 bad

Avoidance

Respondent hopes not to be affected by a
flood event in the future

1 does not apply to me; 2 rather not applies to me;
3 rather applies to me; 4 applies to me

Wishful thinking

1 does not apply to me; 2 rather not applies to me;
3 rather applies to me; 4 applies to me
1 does not apply to me; 2 rather not applies to me;
3 rather applies to me; 4 applies to me

Urban area

Belief in sufficient protection through technical
flood defences
Flood mitigation is generally considered as
wise, but implementation is postponed to the
future
Living in an area that is protected by technical
flood defences
Living in an urban area

Age

Age categories

1= 16 -44; 2 = 25-34; 3= 35-44; 4=45-54; 5= 5564; 6=65 and above

Income

Income categories

1 above €4500; 0 below €4500

Flood experience

Household’s flood experience

1 yes; 0 no

Social environment

Neighbours of friends have implemented flood
mitigation measures

1 none of them; 2 few of them; 3 some of them; 4
most of them

Postponement

Protected Area

1 yes; 0 no
1 yes; 0 no

7.4. Results and discussion
An overview of those variables that make a significant contribution to at least one of the four
best-fitting models is provided in Table 7.3. In sections 7.4.1 to 7.4.4, the results of the
complete models will be discussed and interpreted in detail for each of the four types of flood
mitigation measures. A comparison of the four types of mitigation measures in terms of
influencing factors is provided in Section 7.4.5 on the basis of Table 7.3 and the four
complete models.

.007
.005

.015

.049
.006

.010
.001

.002

.004

Social Environment

Experience

Income

.029

Age

.002
.000
.000

Urban area

Protected Area

.000
.003

.004
.000

Wishful thinking

Avoidance

Perceived consequence

Perceived probability

.002
.002
.001
.000

Postponement

Structural measures
Adapted use
Flood barriers
Flood insurance

Self-efficacy

Response efficacy

Table 7.3: Overview of significant variables and p-values of the four best-fitting models of
the four different types of mitigation measures

.008
.000
.000
.006

7.4.1. Implementation of structural building measures
Table 7.4 presents the results of the binary logistic regression analysis for structural flood
mitigation measures. The analysis for structural measures is restricted to homeowners,
because usually these types of measures cannot be carried out by tenants. The complete model
explains 40 per cent of the variance in implementing a structural mitigation measure, which
represents a very good level of explanatory power in psychological research. Using a 5 per
cent criterion of statistical significance, we find that, in terms of coping appraisal, only self101

efficacy significantly contributes to the model. In addition, also the two maladaptive coping
responses ‘wishful thinking’ and ‘postponement’, as well as the ‘social environment’, ‘living
in a protected area’, and ‘income’ significantly influence the implementation of a structural
flood mitigation measure. While flood experience is found to be marginally significant in the
best-fitting model (Table 7.3), it no longer significantly contributes to the complete model
(Table 7.4).
The odds ratios of the significant predictor variables show that the coping-appraisal variable
‘self-efficacy’ has a considerable positive effect. For each 1-point increase on the self-efficacy
scale, the odds (or likelihood) that a homeowner implements a structural measure are 1.44
(rounded) times higher, ceteris paribus. This shows that the homeowner’s trust in the own
capability to actually implement a structural measure has an important influence on the
precautionary behaviour of the respondents. While the two maladaptive coping responses
‘wishful thinking’ and ‘postponement’ are found to have a negative influence, the social
environment, living in a protected area, and especially income increases the odds of an owner
having implemented a structural measure. With every 1-point increase on the postponement
and wishful thinking scale, the odds that a homeowner implements a structural measure is
reduced by approximately 30 and 45 per cent, respectively. These results show that
respondents who are, in principle, in favour of implementing a structural measure will
postpone the activity to the (distant) future, which leads to lower protection levels at present.
Moreover, the negative influence of the wishful thinking variable shows that an unrealistic
belief in the safety of public flood protection acts as a hindrance to precautionary behaviour.
Respondents appear to ignore that fact that a residual risk of flooding always remains, even in
areas where flood defences are in place or have been improved in the aftermath of a flood
event.
A factor with a strong positive influence is income. Belonging to the two highest income
classes, and having an income higher than €4500, increases the odds of having implemented a
structural measure by a factor of 2.43, compared with respondents belonging to lower income
classes. This shows that, when it comes to the implementation and stimulation of rather
expensive structural flood mitigation measures, the availability of sufficient financial
resources is an important aspect for respondents to consider. Moreover, the results show that
the example of neighbours and friends who have implemented a flood mitigation measure
considerably influences the precautionary behaviour of the respondent.
A result that seems difficult to reconcile, at first, is that the odds of implementing a structural
measure strongly increase for respondents who live in a protected area, while it could have
been expected that it would be especially respondents who would in unprotected areas
undertake such measures. A likely explanation for this is that flood events often not only lead
to precautionary behaviour at the household level (Bubeck et al. 2012a), but, at the same time,
can trigger the construction of new, or the strengthening of existing, technical flood protection
by governmental agencies. It can be assumed that the latter is especially the case after major
flood events. For instance, in the aftermath of the severe floods along the Rhine in 1993 and
1995, which also affected the city of Cologne, numerous technical flood protection measures
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were implemented in and around Cologne.19 Therefore, it is possible that there is an overlap
of flood mitigation measures at the household level and the development of technical flood
protection in flood-prone areas, depending on the timing of these activities. This reasoning is
supported by our data: 54 per cent of the respondents with flood experience stated that
technical flood protection in the area they live in was improved after a flood event.
Table 7.4: The complete model which predicts the implementation of structural flood
mitigation measures (n=265)
Explanatory variable
Coefficient (B) Standard error (SE)
Perceived probability
0.105
0.168
Perceived consequence
0.038
0.150
Flood experience
0.465
0.412
Response efficacy
-0.078
0.138
Self-efficacy
0.364**
0.127
Avoidance
-0.013
0.134
Wishful thinking
-0.589***
0.145
Postponement
-0.335**
0.129
Social Environment
0.361**
0.136
Protected area
0.871*
0.389
Urban area
0.068
0.333
Age
0.176
0.122
Income
0.888*
0.360
Constant
-2.295***
1.339
Note: Nagelkerke R2 = .40, *p-value <.05, **p-value <.01, ***p-value <.001.

95% confidence intervals for the Odds Ratio
Lower
Odds Ratio
Upper
.799
1.110
1.543
.774
1.039
1.394
.710
1.592
3.570
.706
.925
1.211
1.121
1.439
1.848
.759
.987
1.285
.418
.555
.737
.555
.715
.922
1.099
1.435
1.875
1.115
2.388
5.117
.557
1.071
2.057
.938
1.192
1.514
1.201
2.430
4.920
.101

7.4.2. Adapted building use
Table 7.5 reports the results of the logistic regression analysis for adapted building use, which
explains 29 per cent of the variance in mitigation behaviour, a percentage that represents a
good level of explanatory power in psychological research. Using the same criterion of
statistical significance (p-value<.05), response efficacy contributes significantly to the
complete model. Moreover, the perceived probability, flood experience, postponement and
the social environment significantly influence the deployment of flood-adapted building use.
As indicated by a comparison of the odds ratios of the significant variables, response-efficacy
has a rather strong influence on the implementation of this type of flood mitigation measure.
The belief that flood-adapted building use can effectively prevent or reduce damage in the
event of a flood has an important influence on precautionary behaviour. With every 1-point
increase on the response-efficacy scale, the odds of deploying flood-adapted building use
increase by a factor of 1.5. An almost equally strong effect can be observed for the social
environment variable. It shows that examples of neighbours and friends who implemented a
mitigation measure have a positive influence on the precautionary behaviour of the
respondents. An even stronger positive influence is associated with flood experience. The
odds that a respondent who experienced a flood in the past uses his or her house in a flood19

http://www.steb-koeln.de/baulicherhochwasserschutzzentral.html

103

adapted way are 1.7 times higher compared with those without direct experience. Even though
the perceived probability makes a significant contribution to the model, its effect on floodadapted building use is rather small compared with the other significant variables. A negative
influence on this type of flood mitigation measure is found for the maladaptive coping
response postponement. This shows that respondents, who generally approve the adapted use
of their building, will postpone the activity to the (distant) future.
Table 7.5: The complete model which predicts flood-adapted building use (n=452)
Explanatory variable
Coefficient (B) Standard error (SE)
Perceived probability
.241*
.114
Perceived consequence
-.027
.101
Flood experience
.587*
.269
Response efficacy
.409**
.137
Self-efficacy
.093
.141
Avoidance
-.102
.096
Wishful thinking
-.157
.100
Postponement
-.264**
.090
Social Environment
.410***
.093
Protected area
.175
.259
Urban area
.248
.223
Age
.035
.086
Constant
-3.319***
1.033
Note: Nagelkerke R2 = .29, *p-value <.05, **p-value<.01, ***p-value <.001.

95% confidence intervals for the Odds Ratio
Lower
Odds Ratio
Upper
1.017
1.273
1.592
.798
.974
1.188
1.062
1.798
3.045
1.151
1.506
1.970
.832
1.097
1.446
.749
.903
1.090
.703
.855
1.039
.644
.768
.917
1.255
1.507
1.809
.717
1.191
1.977
.828
1.282
1.983
.874
1.035
1.226
.036

7.4.3. Deployment of flood barriers
The results of the logistic regression analysis for the deployment of flood barriers are
presented in Table 7.6. The complete model explains 39 per cent of the variance in
implementing this type of mitigation measure. Out of the three coping-appraisal components,
both response efficacy and self-efficacy make a significant contribution to the model. In
addition, the perceived consequences, postponement, the social environment, and age
significantly contribute to the complete model.
A comparison of the odds ratios of the significant variables shows that both coping-appraisal
variables have a rather strong influence on deploying flood barriers. With every 1-point
increase on the response efficacy and self-efficacy scale, ceteris paribus, the odds of a
respondent deploying flood barriers increase by a factor of 1.66 and 1.81, respectively. This
shows that the respondent’s belief in the effectiveness of flood barriers and the trust in their
own capability to actually implement this type of measure have an important influence on
their precautionary behaviour. Although significant, the perception of flood consequences has
a slightly weaker effect on deploying flood barriers. The odds that a respondent uses flood
barriers increase by a factor of 1.43 with every 1-point increase on the perceived consequence
scale. With an odds ratio of 1.88, the social environment shows a comparatively strong effect.
A negative effect is estimated for the maladaptive coping response postponement, which
shows that respondents, who, in principle, consider flood barriers as useful, will postpone the
activity to the (distant) future, which leads to lower protection levels at present.
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Table 7.6: The complete model of the factors which influence the deployment of flood
barriers (n=437)
Explanatory variable
Coefficient (B) Standard error (SE)
Perceived probability
.012
.150
Perceived consequence
.361**
.133
Flood experience
.508
.355
Response efficacy
.592***
.167
Self-efficacy
.322*
.141
Avoidance
-.019
.128
Wishful thinking
-.084
.137
Postponement
-.371**
.122
Social Environment
.634***
.138
Protected area
.397
.347
Urban area
.375
.293
Age
.306*
.129
Constant
-8.432***
1.389
Note: Nagelkerke R2 = .39, *p-value <.05, **p-value<.01, ***p-value<.001.

95% confidence intervals for the Odds Ratio
Lower
Odds Ratio
Upper
.755
1.013
1.359
1.105
1.434
1.863
.828
1.661
3.332
1.302
1.808
2.510
1.046
1.379
1.819
.764
.982
1.261
.703
.919
1.201
.543
.690
.877
1.439
1.885
2.470
.754
1.487
2.934
.820
1.455
2.584
1.055
1.359
1.749
.000

7.4.4. Purchase of flood insurance
Table 7.7 presents the results of the binary logistic regression analysis of the factors that
influence the purchase of flood insurance by the respondents. The complete model explains
50 per cent of the variance in insurance purchases, which represents a very good level of
explanatory power. Two components of flood coping appraisal: namely, response efficacy and
self-efficacy, make significant contributions to the model. Moreover, flood experience, the
maladaptive coping response avoidance, the social environment, living in a protected area and
living in an urban area significantly contribute to the complete model for flood insurance
purchases.
Odds ratios of 2.05 and 2.04 for response efficacy and self-efficacy indicate a rather strong
influence of these two coping-appraisal variables, compared with the other significant
explanatory variables. It is shown that the respondents’ estimate of the effectiveness of flood
insurance to cope with potential flood damage and their ability to obtain an insurance policy
play a large role in the decision to purchase flood insurance.
Two results that seem surprising, at first, are the negative influence of flood experience and
the positive influence of living in a protected area on the purchase of flood insurance. The
likelihood that a person has purchased flood insurance is about 53 per cent lower for
respondents with flood experience. Moreover, the odds of having flood insurance increase by
a factor of 2.5 for respondents who live in an area that is protected by technical flood
defences. In both cases, the opposite direction of the effect would have been expected: that the
demand for insurance increases with flood experience and that it decreases for households in
areas protected through flood defences, such as dykes. However, both results can be explained
by the set-up of the German insurance system (Thieken et al. 2006). In high-risk areas, where
a flood statistically occurs once in ten years, it is generally impossible to obtain insurance.
Moreover, at those locations where floods have occurred, insurance companies often decline
to provide or renew insurance contracts. Moreover, premiums in Germany are risk-based, and
105

can thus be very expensive in high-risk areas. That the denial of insurance cover and the high
premiums in risk-prone areas are the reason for the negative influence of flood experience on
insurance purchase is also well supported by our data. As additional information, respondents
who did not possess flood insurance were asked for the reasons why they did not buy flood
insurance. Several different answer options were presented to respondents in a randomized
order with answer categories ranging from ‘insurance is too expensive’, ‘I consider flood
insurance as unnecessary’ or ‘I don’t believe that the insurance company really pays out
claims’ to ‘I was denied insurance cover’. Multiple answers were possible. 29 per cent of the
respondents reported that insurance cover was denied or not offered to them owing their high
flood risk, and 59 per cent of the respondents stated that insurance was too expensive for
them. These figures explain the negative influence of flood experience on the purchase of
insurance, and why more people in protected areas possess a flood insurance compared with
those in unprotected areas. Similar results were also reported by (Kreibich et al. 2011b), who
report that insurance cover among households along the Elbe decreased in the aftermath of the
extreme flood in 2002.
In addition to mitigating the financial consequences for households once flood damage
occurs, insurances contracts could potentially also be used to stimulate precautionary
behaviour, for instance, by providing premium reductions for households that had
implemented appropriate measures (Aerts and Botzen 2011). Our data clearly show that this
potential is currently vastly unexploited. Out of the insured households, only 3.3 per cent were
encouraged by their insurance company to implement a mitigation measure. Only 1.6 per cent
received information on how to flood-proof their house, and only 3 respondents (0.4 per cent)
were offered a premium reduction as a reward for undertaking actions.
Table 7.7: The complete model of the factors which influence the purchase of flood insurance
(n=397)

Explanatory variable
Perceived probability
Perceived consequence
Flood experience
Response efficacy
Self-efficacy
Avoidance
Wishful thinking
Postponement
Social Environment
Protected area
Urban area
Age
Constant

Coefficient (B) Standard error (SE)
-.093
-.144
-.738*
.716***
.715***
-.377**
-.005
-.022
.309*
.923**
-1.006**
-.058
-3.693**

.155
.132
.356
.146
.147
.140
.132
.122
.121
.327
.297
.107
1.200

95% confidence intervals for the Odds Ratio
Lower
Odds Ratio
Upper
.672
.668
.238
1.537
1.531
.522
.768
.771
1.073
1.328
.204
.765

.911
.866
.478
2.046
2.043
.686
.995
.978
1.361
2.518
.366
.944
.025

1.234
1.122
.960
2.724
2.727
.902
1.288
1.242
1.727
4.775
.655
1.165

Note: Nagelkerke R2 = .50, *p-value <.05, **p-value<.01, ***p-value<.001.

7.4.5. Comparison
A comparison of the four types of flood mitigation behaviour on the basis of Table 7.2 and the
four complete models (Tables 7.4-7.7) reveals several interesting insights.
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In terms of the different components of flood-coping appraisals, the comparison shows that
both response efficacy and self-efficacy make a highly significant contribution to three of the
four models which explain flood mitigation behaviour. These results are in line with the other
studies (Grothmann and Reusswig 2006; Zaalberg et al. 2009), and confirm that flood-coping
appraisal is an important factor in explaining the precautionary behaviour of flood-prone
residents. While response efficacy contributes to the model which explains adapted use, flood
barriers, and insurance, self-efficacy does so for structural measures, flood barriers, and
insurance. The finding that self-efficacy is found to be insignificant only for the model which
explains adapted building use might be explained by the fact that it is relatively easy to carry
out this type of measure. To avoid having expensive items on flood-prone storeys is simple
compared with structural changes to the building, the timely deployment of flood barriers, or
the purchase of flood insurance. Regarding the latter, it should be kept in mind that many
respondents face difficulties with purchasing flood insurance because they live in a high-risk
area. Response cost did not make a significant contribution to any of the four models. This
indicates that the time and emotional investments and, except for structural measures, also
financial considerations do not influence flood mitigation behaviour.
The comparison also reveals that flood experience is an important factor in influencing
different types of precautionary behaviour. This is in line with the literature, which shows that
experience with (flood) hazards has a powerful impact on the recognition of a risk and
consequently (flood) mitigation behaviour (Weinstein 1989; Bubeck et al. 2012a). On account
of the set-up of the German insurance system (Thieken et al. 2006), flood experience has a
strong negative effect on the purchase of flood insurance.
Moreover, Table 7.2 and the four complete models reveal that maladaptive coping responses
such as avoidance, wishful thinking, and postponement are found to be important influencing
factors in responses to flood risk. This shows that also this component of PMT (see chapter 5)
proves to be relevant to explain flood mitigation behaviour. Similar results are also reported
by other studies (Grothmann and Reusswig 2006; Siegrist and Gutscher 2008). Siegrist and
Gutscher (2008), for example, find that hopelessness of the respondents, expressed by the
opinion that there is nothing that can be done against flood damage, plays an important role in
explaining why people with flood experience did not undertake a preventive measure. In our
study, especially the variable postponement proves to contribute significantly to three of the
four models with a large effect. Even though respondents principally consider flood
mitigation a wise thing to do, they postpone the activity to the (distant) future. This
exemplifies that it is not the lack of awareness but inactivity that leads to increased
vulnerability of flood-prone residents.
In addition, we find that the socio-economic characteristics of the respondents rarely make a
significant contribution to explaining flood mitigation behaviour. This is in line with earlier
studies that also come to the conclusion that socio-economic characteristics are rather poor
predictors of flood precautionary behaviour (Grothmann and Reusswig 2006; Zaalberg et al.
2009; Bubeck et al. 2012a). For instance, the level of income of the respondents only
contributes to the model which explains the implementation of structural measures, while
107

gender and the educational level of the respondents do not relate to any of the models. The
fact that the level of income has a significant and large influence in terms of structural
measures can be explained by the substantial financial costs associated with such measures.
For example, to construct a 65m2 waterproof cellar involves additional costs of about €18,500
to €21,000 compared with a ‘normal’ cellar, depending on the material used (Kreibich et al.
2011a).
We also find that risk perceptions rarely relate significantly to improved flood mitigation
behaviour. While the perceived probability only relates significantly to adapted building use,
the perceived consequence contributes significantly to the model which explains the use of
flood barriers. That the perceived consequences influence the deployment of flood barriers
might be explained by the effect of this specific measure. If applied successfully, flood
barriers have the potential to entirely prevent damage by keeping the water out. This might
explain why it is especially those respondents who associate severe consequence with a
potential flood event who choose this type of measure. Although it is significant in two cases,
the size of the effect is rather small for both risk perception items compared with other
significant variables. These findings are in line with other studies that find that risk
perceptions are rather weak predictors of flood mitigation behaviour (Miceli et al. 2008;
Bubeck et al. 2012a). It has been suggested in the literature that a reason for this is a neglected
feedback from already-adopted mitigation measures on precautionary behaviour (Weinstein et
al. 1998). It can be expected that the adoption of a flood mitigation measure leads to a lower
risk perception, which explains why the relation between risk perceptions and precautionary
behaviour can no longer be detected in cross-sectional studies. This reasoning is also
supported by our data: of those respondents who implemented a flood mitigation measure, 54
per cent expect that the occurrence of a flood at their house has become less likely, and 82.5
per cent expect that potential flood damage is reduced due to the implemented measures.
The only variable that is significant and has a large effect in all four models is the social
environment variable. It shows that the behaviour and example of neighbours and friends
importantly influences individuals’ decision to protect themselves. That human behaviour is
strongly influenced by the behaviour of one’s peers is a well-known and well-studied
phenomenon. In his group experiments, Asch (1955), for instance, showed that almost 40 per
cent of the participants copy the behaviour of others, even if this implies doing an obviously
wrong action. Also in the context of flood mitigation behaviour, it has been discussed that the
norms of the social environment stimulate individuals’ flood mitigation behaviour. If the
majority of homeowners in the neighbourhood implemented a flood mitigation measure, it is
likely that other individuals also want to follow suit (Kunreuther and Erwann 2009).
Moreover, it has been argued that the decisions of neighbours can provide important
information value for someone who is considering investing in a flood-proof house
(Kunreuther et al. 2007). The cost-effectiveness of such an up-front investment is often
difficult to assess due to uncertainties about the damage-reducing effect of that measure, as
well as the probability of a flood occurring. In such a situation, the observation that the
majority of the neighbours have implemented a certain flood mitigation measure (or not), can
be regarded as a good indication that the respective measure is cost-effective (or not).
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7.5. Conclusion
In this study, we have presented survey data of 752 flood-prone households along the river
Rhine with the objective of examining the influence of different components of flood-coping
appraisal and other factors on precautionary behaviour. Making a significant contribution to
four different models which explain four types flood-mitigation behaviour, our findings
confirm that flood-coping appraisal is an important variable of influence on precautionary
behaviour.
The main focus of the current study was on gaining further insights into the individual
influence of the three components of flood-coping appraisal on flood mitigation behaviour:
namely, response-efficacy, self-efficacy, and response cost. Such detailed insights into floodcoping appraisals were, to date, mostly lacking in the literature, but provide important
information for the development of risk communication strategies. They indicate: whether
risk communication should emphasize the effectiveness of flood mitigation measures;
whether it should provide practical guidelines concerning how such measures can be
implemented; or, whether the cost of the latter needs to be addressed. Effective risk
communication is needed to increase the preparedness of the population facing flood risk in
order to successfully manage the transition from traditional flood control approaches to
integrated flood-risk management in Europe and worldwide. The results of the present study
indicate that both self-efficacy and response-efficacy considerably influence flood mitigation
behaviour. On the basis of these results, it can be concluded that policies to stimulate
precautionary behaviour should emphasize that flood mitigation measures at the household
level can effectively prevent or reduce flood damage. Moreover, practical advice should be
provided on how to deploy such measures. In this respect, the approach adopted in
Switzerland seems to be an interesting example, where state insurers provide individual and
building-specific advice for households on how to flood-proof their building.
Response costs, and thus the time, emotional and financial investment associated with
implementing flood mitigation measures, were found to be mostly insignificant. An exception
to this is the financial costs of implementing structural mitigation measures. Moreover, owing
to the high costs associated with this type of measure, the level of income importantly
influences homeowners’ decisions to invest in structural flood mitigation measures. This
needs to be taken into account when structural measures are to be stimulated among the
broader population. If this is aimed for, financial support for people with lower incomes
seems to be a necessary condition for achieving widespread implementation.
It seems especially important to include information on the effectiveness of flood mitigation
measures, and to provide practical advice in terms of the implementation of these measures,
against the background of PMT. According to PMT, a high-risk perception following, for
example, from risk communication can lead to either protective or non-protective responses.
In order to lead to the desired protective behaviour, high-risk perceptions need to be
accompanied by positive flood-coping appraisals. Otherwise, high-risk perceptions might
even lead to non-protective behaviour such as avoidance and wishful thinking, and, thus, to a
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high vulnerability of the population at risk. This is confirmed by our results that reveal a large
negative influence of non-protective responses on all types of flood mitigation behaviour.
The observation that the postponement variable significantly contributes to three of the four
models shows that flood mitigation measures are often appraised positively, but are postponed
as long as they are not considered as absolutely necessary by the respondents. This generally
positive attitude towards precautionary behaviour leaves room for alternative policies that
overcome this passiveness in order to increase the preparedness of people of risk. A possible
way forward could be to use alternative policies to stimulate flood mitigation behaviour.
Insurance, for instance, could provide incentives for households that implement appropriate
measures, by providing premium reductions, or by providing practical advice in terms of their
implementation (self-efficacy). Our results show that this potential is currently unexploited by
German insurers. Another approach to overcome the reduced preparedness of flood-prone
households caused by the phenomenon of postponement would be to integrate more stringent
requirements in existing building codes, and to enforce these more strictly.
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Chapter 8
Explaining differences in flood management approaches in
Europe and the USA – A comparative Analysis
Abstract
Flood risk management in Europe and worldwide is not static but constantly in flux.
Generally, there has been a trend towards more integrated flood risk management in many
countries. However, the initial situation in the various countries is very different. The
Netherlands, for instance, long time focused solely on structural flood defences and only
recently started to consider additional measures as complementary only. Other countries, such
as the UK, have implemented flood risk management approaches, in which non-structural
measures such as private precaution, land use planning and insurance arrangements, play a
key role. In this paper, we will present a conceptual framework that seeks to explain why
countries opt for different flood risk management portfolios. The developed framework
utilizes insights from a range of policy science concepts in an integrated way and considers,
among other things, factors such as geographical characteristics, the experience with flood
disasters, as well as human behavioural aspects.
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8.1. Introduction
Flood risk management in Europe and worldwide is not static but constantly in flux.
Generally, a shift towards more integrated flood risk management could be observed in many
European countries and world-wide in recent decades. However, the initial situation in the
various countries as well as the pace and direction of change varies significantly between
countries. In the UK, non-structural measures such as private precaution, land-use planning
and insurance arrangements, are an integral part of the flood risk management portfolio
already for a long time. Germany, which long focused on structural flood protection
measures, is increasingly shifting towards more integrated approaches (Wasserhaushaltsgesetz
2009). In the Netherlands flood defenses remain the dominant flood risk management
measure opted for (Ministry of Transport Public Works and Water Management 2009). This
raises the question whether factors (or ‘drivers’) can be identified that can explain differences
between countries in terms of the adopted flood risk management portfolio and in terms of the
changes to these systems. To compare differences between countries in terms of applied flood
risk management portfolios and changes regarding the latter is the aim of the present paper. In
this endeavour, we will draw on insights from a range of theoretical concepts from policy
science in an integrated way, in particular, Easton’s system theory (Easton 1957; Kingdon
1995; Sabatier 1998; Haas 1992; Baumgartner and Jones 2002; True et al. 2007; North 1990).
Countries that are included in the comparative analysis are the Netherlands, Germany, the
UK, and the USA.
The remainder of the article proceeds as follows. Section 8.2 provides a description of the
analysis framework we apply and its theoretical foundation. Section 8.3 provides a list of
environment factors and feedback mechanisms that may explain why countries opt for
different flood risk management portfolios. Section 8.4 examines whether these factors and
mechanisms can explain differences between the examined countries. Section 8.5 discusses
and concludes.

8.2. Theoretical Framework
The development of simplified descriptions or ‘models’ of the public policy process has been
a key issue in policy science (Grin and Loeber 2007). An influential concept for interpreting
the policy process has been the system theory developed by David Easton (Easton 1957,
1965). It portrays the public policy process as a ‘system’ that is influenced by, and has itself
an influence on, the environment in which it operates (Birkland 2005). It has also been
described as a ‘conveyer belt’, in which the political system receives input from societal
pressures in the form of demands and support. The societal requests are taken up by policy
makers and processed into outputs in form of public policies and regulations, which address
the problem at stake. These outputs influence and change again the environment in which the
policy process takes place, to which society may respond in a new round of inputs to the
political system (Grin and Loeber 2007). In this paper, we will use Easton’s system theory as
analytical framework to identify conditions and processes that drive the demand and support
(input) for certain flood risk management measures, and, can thus offer an explanation for the
different flood risk management portfolios in the examined countries. Figure 8.1 depicts an
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adapted version of Easton’ system theory that provides a (non-exhaustive) list of environment
factors that influence the demand and support for certain flood risk management approaches
as well as possible feedback mechanisms. The environment factors and feedback mechanisms
are outlined in Sections 8.3.1 and 8.3.2.

Figure 8.1: Conditions, processes and feedback mechanisms influencing the adoption of a
flood risk management portfolio.
Easton’s description of the policy process has been criticized on the grounds that the model
treats the political system as a ‘black box’, which refers to the fact that the internal processes
within the political system remain unexplained by the model (Birkland 2005). As a result, the
long-term development of flood risk management policies cannot be explained by Easton’s
simplified description of the policy process alone. Instead, it has been emphasized that more
integrated approaches are needed to explain complex contemporary flood risk management
(Meijerink 2005; Johnson et al. 2005). Various contemporary writers tried to open this ‘black
box’ and have produced a range of alternative theoretical concepts (e.g. Kingdon 1995;
Sabatier 1998; Baumgartner and Jones 2002; True et al. 2007; Haas 1992), which each
highlight certain conditions or processes to explain policy stability or policy change
(Meijerink 2005). Following the approach of Meijerink (2005), we will therefore draw on
insights from a range of theoretical concepts in a complementary way, when examining how
environment factors influence the policy process through inputs and feedback mechanisms in
different countries. The key theoretical concepts that will be utilized in the present article are
briefly outlined in the following paragraphs.
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The advocacy coalition framework (ACF) seeks to explain both policy stability and change
(Sabatier 1998). It is based on the assumption that interest groups in a policy domain, such as
for instance flood risk management, can be aggregated into two to four advocacy coalitions.
Each of these advocacy coalitions shares a set of core values and beliefs regarding the
fundamental perception of a problem, its main causes and possible solutions, as well as ideas
about whether institutional arrangements are appropriate to deal with the problem (Birkland
2005; Meijerink 2005). According to the ACF, policy stability can be explained by the fact
that the core beliefs of an advocacy coalition, which are reflected in the adopted policies, are
considerably resistant to change (Sabatier and Jenkins-Smith 1999). As a result, incremental
changes only occur during phases of political stability that do not challenge the core beliefs
and interests of the actor in power. For (radical) policy change to occur, external influences
are needed, such as changes in socio-economic conditions, changes in the public opinion,
changes in systemic governing coalitions or changes from other subsystems (e.g. flood
disasters).
Baumgartner and Jones (2002) also aim to explain both policy stability and policy change
with their ‘punctuated equilibrium framework’ (PEF). According to the PEF, policy processes
are generally characterized by relatively stable periods, caused by institutionalized policy
monopolies. Such a monopoly is generally based on a powerful ‘policy image’ that is
supported by the most important actors in policy making (Meijerink 2005; Birkland 2005).
Successful policy monopolies ‘dampen pressure for change’ (True et al. 2007; Baumgartner
and Jones 2002), because those in charge of the monopoly try to keep it under control and try
to keep the policy process closed to protect their interests (Birkland 2005). However, there are
occasions when an institutionalized policy monopoly and its dominant framing of a problem
breaks down, leading to rapid policy change. This is the case when policy opponents manage
to introduce an alternative ‘policy image’ and gain sufficient support for the latter. Once the
new ‘policy image’ becomes widely supported and accepted, a new period of relative policy
stability begins.
According to Kingdon’s multiple stream metaphor (Zahariadis 1999; Kingdon 1995), any
policy domain is characterized by three relatively independent ‘streams’: namely, the politics
stream, which incorporates the state of politics and public opinion; the policy stream, which
encompasses the potential solutions to a problem; and the problem stream, which comprises
the attributes of a problem (Is it getting better or worse? Has it suddenly gained attention by
the public and elites through a focusing event? Is it solvable with the alternatives available in
the policy stream?). Policy change becomes possible when two or more streams meet in a
‘window of opportunity’, triggered, for instance, by a change in the understanding of a
problem or a focusing event that raises public attention to a problem (Birkland 2005).
Another concept that can contribute to explain policy stability is the epistemic communities
framework (ECF) (Haas 1992), which addresses the question how scientific information and
knowledge about a problem, its causes and possible solutions can influence policy making.
Epistemic communities are defined by Haas (1992) as ‘a network of professionals with
recognized expertise and competence in a particular domain and an authoritative claim to
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policy-relevant knowledge within that domain or issue-area’. According to the ECF, policy
images introduced by epistemic communities can gain the status of orthodoxy once they are
institutionalised. However, epistemic communities are not always recognised to the same
degree during the policy process. Policy makers are especially susceptible for the input from
epistemic communities if a policy domain is surrounded by uncertainty in terms of the
seriousness of the problem, its causes and effects, and the effects of potential policy responses
(Meijerink 2005). According to Haas (1992), it often takes a crisis situation before policy
makers understand that their understanding of a complex problem is limited and that they start
to seek help from an epistemic community. Such a crisis can also be generated by the
epistemic community itself, for instance, through scientific advances or reports that receive
sufficient attention from the media and thus urge the policymakers to undertake actions (Haas
1992).

8.3. Environment Factors and feedback mechanisms
Section 8.3.1 provides a (non-exhaustive) list of environment factors that can influence the
demand and support for certain types of flood risk management solutions. Moreover, by
drawing from insights from the theoretical concepts presented above, it will be discussed how
these environment factors may be processed by the political system. Possible feedback
mechanisms are outlined in Section 8.3.2.

8.3.1. Environment factors
A rather obvious condition that drives the demand and support for a certain flood risk
management system are the geographical characteristics and the type of flood risk a country
is exposed to. Countries that face a flood hazard that is characterized by a low probability but
high impacts, and by a short warning time, by nature, need higher safety standards and will
thus, by trend, rely stronger on structural portfolios. In contrary, countries that are confronted
with rather frequent flood hazards associated with low impacts that can be predicted well in
advance, are more flexible in their choice and can also choose to rely on non-structural
measures.
Another factor that can exert a strong influence on the public’s demand for a policy response
is the occurrence of flood disasters (Johnson et al. 2005; Penning-Rowsell et al. 2006;
Kreibich et al. 2011b). According to Penning-Rowsell et al. (2006), flood disasters possibly
‘punctuate’ phases of relatively stable flood risk management policies by creating a ‘crisis’,
which increases the rate of policy change by opening a ‘window of opportunity’ (Kingdon
1995). New actors can enter the policy arena, which increases the number of issues or ‘policy
streams’ negotiated by the different advocacy coalitions (Sabatier 1998). However, a flood
crisis does not need to result in a (rapid) policy change necessarily, nor, does such a crisis
always lead to changes in the same direction in terms of flood risk management policies (see
e.g. Johnson et al. 2005). Instead, it has been discussed that the changes implemented in the
aftermath of a flood need to be prepared in advance (Meijerink and Huitema 2009) and the
‘signals’ for the policy change need to already ‘float around in the policy primeval soup’
(Zahariadis 1999; Penning-Rowsell et al. 2006).
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Also human behavioural factors and attitudes towards flood risk management itself can
change, what possibly leads to alterations in terms of the preferred approach. The era of
technical flood defence approaches was accompanied by the belief that the flood-hazard
problem can be exclusively solved by means of engineering (Penning-Rowsell et al. 2006).
This trust in engineering capabilities has been challenged by flood occurrence in areas that
were considered as ‘protected’. Moreover, the climate change (epistemic) community, such as
the IPCC (Haas 1992), successfully introduced a new policy image: flood hazards are
projected to increase in many places due to climate change and estimates about the time
scale, magnitude and possible solutions to the problem are surrounded by considerable
uncertainty (Hallegatte 2009; Bouwer et al. 2010; Bubeck et al. 2011). As a result, it has been
increasingly recognized by policy makers and the public that a residual risk of flooding
always remains (Federal Environment Agency 2006; Penning-Rowsell et al. 2006), favouring
the complementation of structural flood defence measures with non-structural solutions. This
may conflict with the observed tendency that many individuals neglect, or are insufficiently
aware of, flood risk in areas with technical flood defences (Ludy and Kondolf 2012).
Also environment factors external to the examined countries can drive the demand and
support for certain types of flood risk management concepts. This has for instance been the
case in Europe through EU policies in the field of water management. Integrated flood risk
management concepts were stimulated by the EU Water Framework Directive and its
widened focus on water quality and stakeholder participation (Penning-Rowsell et al. 2006).
With its emphasis on the ‘risk concept’, which not only takes into account the flood hazard
side but also potential consequences, the EU Floods Directive (European Union 2007) further
contributed to the shift towards more integrated flood risk management approaches in Europe.
The installation and maintenance of a flood risk management system is often associated with
substantial costs that need to be generated by the economic system. The economic situation
and thus the availability of financial resources can lead to a change in the ability and
willingness to support the allocation of substantial amounts of money to flood risk
management.
Since flood risk management requires considerable know-how (e.g. hydrological modelling,
engineering, forecasting), also technical and scientific innovation can have a significant
influence on the input for a certain flood risk management approach. Changes in the
understanding of the problem or newly developed solutions to it can challenge the policy
image of the dominant advocacy coalition (Sabatier 1998) and open a ‘window of
opportunity’ for an alteration of flood risk management policies (Zahariadis 1999; Kingdon
1995).

8.3.2. Feedback mechanisms
The adoption of a certain flood risk management portfolio influences again the environment
in which the flood risk management policy process takes place through feedback mechanisms.
To begin with, the performance of the chosen flood risk management system will have
implications in terms of the support for the adopted system or the demand for altering course.
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A system that delivers the desired (promised) flood-safety level (e.g. through a high resilience
of the population at risk or successful flood protection) has a good chance to maintain stable,
since policy monopolies can successfully ‘dampen pressure for change’ (Baumgartner and
Jones 2002; True et al. 2007). In contrast, failures of the flood risk management system can
exert a strong influence on the public’s demand to alter course (see flood disasters in section
8.3.1). Moreover, large-scale disasters can have a significant feedback on the economic
system through direct and indirect damage (e.g. Hallegatte 2008).
A possibly strong feedback mechanism originates from the implementation of certain flood
risk paradigm through thus created path dependencies. As argued by historical institutionalists
(North 1990), ‘history matters’ and the range of options for current flood risk management
can be severely restricted by the policies adopted in the past (Meijerink and Huitema 2009). A
typical example for such path dependent policies or ‘lock ins’, is the reclamation of land in
delta areas and its subsequent protection by flood defence infrastructure. Once such structural
flood defence measures are implemented and land has been developed, flood risk
management policies can hardly be changed anymore (Meijerink and Huitema 2009). For
instance, installing flood defences increases feelings of safety among households and
investors and stimulates further economic and urban development in vulnerable areas. This
development increases potential flood damage and makes it economically rational to increase
flood protection investments again, which has been defined as the “levee effect” (Vis et al.
2003). As outlined by Meijerink and Huitema (2009), such path-dependent developments do
not imply, however, that flood risk management policies cannot change at all. However, these
changes will be incremental, because they need to fit within the ‘policy image’ of the
advocacy coalition dominating flood risk management and must not challenge the core beliefs
(Sabatier 1998) of the institutionalized policy monopoly (True et al. 2007).
Moreover, the choice for a certain flood risk management system can have considerable
environmental effects. Especially technical encroachments in river courses can have a
substantial impact, for instance, on natural floodplains, which are often rich in biodiversity.
Finally, the chosen flood risk management scheme is often associated with considerable costs
(investment, maintenance and operation costs), which need to be borne by society and imply
distributional effects. The distributional effects of these investments can have implications in
terms of equity and fairness. Money that has been spent on flood risk reduction is no longer
available, for instance, to address other societal risks. Moreover, flood defence infrastructure
is often publicly funded through tax money, while the risk-reducing effect of such measures is
often enjoyed by a relatively small group of society (Federal Environment Agency 2006).20
Especially in times of scarce public resources, this may lead to diminishing support for
expensive (structural) flood management solutions (e.g. by changing behavioural factors),
which benefits are unequally distributed.

20

This is different if large parts of the society live in flood plains that are protected by dikes. This is often the
case in delta areas such as the Netherlands.
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8.4. Comparison of flood risk management system and their development
8.4.1. The Netherlands
Contemporary flood risk management in the Netherlands
Currently, about 55% of the total surface area of the Netherlands is flood-prone and about
25% lies below mean sea level (de Moel et al. 2011). Flood risk management is generally
considered a responsibility of the central government and of dedicated water boards. It relies
primarily on flood defence, due to its development during almost 800 years of land
reclamation. Since roughly 1200 A.D., regional water boards have been established that were
responsible for flood protection of the communities within their polder (Van der Ven 2003).
These polders and their organisations have merged over time, which resulted in the
establishment of 53 so-called dike-ring areas: areas delimited by embankments and other
flood defences, or adjourning high ground (Klijn et al. 2010).
For each dike-ring area, protection standards have been defined, and made explicit in the Law
on Flood Protection (1990s), now Water Law. For the economically most important part of
the country these were derived from a cost-benefit analysis in the 1960s, in response to the
1953 flood disaster. For the remainder of the country, extrapolations were made. The current
protection standards for design water levels rank among the highest in the world, ranging
from 1/1,250 to 1/10,000 per year for the large dike-ring areas.
Because of the small flooding probabilities the flood risk in the Netherlands is actually quite
small, but because of the dense population, the potential consequences of flooding may be
huge (Klijn et al. 2012). This explains why there is currently no private insurance available
for flooding due to failing flood defences, as such an event would have such large
consequences as to exceed the carrying capacity of (re)insurers. In the past, the government
compensated for losses after flood disasters (e.g. after the 1926 river floods or the 1953 storm
surge disaster), but this is not formally accounted for.
The Netherlands is now revising its flood risk management policy, including a revision of
the protection standards in order to account for population and economic growth since their
establishment (Kind 2011). The responsibility for this revision has recently been moved
towards the so-called Delta programme, which is a dedicated programme led by a special
commissioner and with a special fund in order to guarantee continuity in water management.
Input and feedback mechanisms
In the 19th and 20th century, there have been many major infrastructural works to combat
flooding. The construction of many of these works happened during windows of opportunity
after a disaster when the multiple streams of problem (clearly the system was not in order),
policy (technical know-how had advanced enough) and politics (public pressure to take
action) converged. For instance, the Afsluitdijk, which closed off the former Zuiderzee to
create the new fresh water lake IJsselmeer, was built after the flooding of 1916. Likewise, the
Delta works, a system of dams and storm surge barriers closing off the Southwestern delta,
were begun only after the 1953 storm surge had killed over 1800 people.
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Whilst the implementation of measures over time may be described as some sort of
punctuated equilibrium, the policy paradigm itself did not change much. The focus remained
on preventing floods using structural measures. The way of doing so just changed with the
advance of technological capabilities over time. The advocacy coalition championing this
image revolved around the Ministry of Transport, Public Works and Water Management
backed up by an epistemic community of civil engineers. A new policy image was introduced
during the 1970s with a change in behavioural factors and the emergence of an environmental
coalition that successfully managed to prevent the complete closing off of the Oosterschelde
to preserve the ecological conditions and local fishing economy (Meijerink 2005). This
environmental coalition was backed up by epistemic communities of ecologists and has been
influential in Dutch flood risk management since. For instance, after near floods on the Rhine
and Meuse rivers in 1993 and 1995, a new programme was initiated called ‘Room for Rivers’
(RfR), which aims to increase the space available for the river to discharge its water in
combination with nature development (Hooijer et al. 2004; Klijn et al. 2004).
During the last two decades, new communities and coalitions are emerging in the flood risk
management arena. Most notably communities of climate change scientists and spatial
planners and a (heterogeneous) coalition advocating more contingency planning. The climate
change community did not change the policy image itself, as accounting for climate change
does not require a fundamental change of flood risk management strategy: no policy tipping
point (Kwadijk et al. 2010) is likely to be exceeded soon (Klijn et al. 2012). But a new policy
image may be argued because of the negative side-effects of the present policy paradigm of
flood defense. A gradual transition towards ´managing the risk´ rather than ‘managing the
flood’ is the essence of integrated flood risk management (Klijn et al. 2008) and lies at the
basis of the EU flood directive (2007/60/EC). This is answered to by the Multi-Layer Safety
(MLS) framework, which was announced in the Netherlands’ National Water Plan (Ministry
of Transport Public Works and Water Management 2009). This framework recognizes three
so-called layers: namely, flood protection, sustainable spatial planning, and emergency
management. It remains to be seen, however, to which degree this new policy will be adopted
in the Netherlands. Because of the low probability of flooding, the cost-effectiveness of
measures related to contingency planning (zoning, dry-proofing, evacuation) is rather low.
Moreover, there has not been a major flood event since the 1953 storm surge, suggesting that
the flood-defence strategy can be considered very successful. This path-dependency and
feedback counteract attempts to achieve a transition in policy paradigm.

8.4.2. Germany
Contemporary flood risk management in Germany
Germany faces flood risk from both the sea and numerous rivers, including large river courses
such as the Rhine, the Elbe and the Danube. Flood safety standards along the coast are based
on a 100 year event and on historical extreme events and thus in practice often higher than
once in 100 years (Safecoast 2008). Safety standards of flood protection along the main river
courses varies considerably and ranges from 1/ 30 years (e.g. the city of Neu-Ulm along the
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Danube)21 to 1/500 years along the Lower Rhine to 1/1000 years along the upper Rhine (te
Linde et al. 2011; ICPR 2001). In addition, contemporary flood risk management comprises
several non-structural approaches such as spatial planning policies and an increasing
responsibility of flood-prone residents and business to contribute to damage prevention
(Wasserhaushaltsgesetz 2009). Moreover, private flood insurance policies are available for
businesses and households in areas with medium to low flood risk (Thieken et al. 2006).
Input and feedback mechanisms
Flood risk management in post-war Germany has undergone considerably changes (Becker et
al. 2007). In a first phase between 1949 and approximately 1970, a technocratic safety
approach with a strong focus on structural flood protection dominated. Complementary to
flood protection, an important demand regarding water infrastructure then was to enhance
economic reconstruction by providing space for housing and industry, by improving
navigation and by supporting economic and agricultural production (Federal Environment
Agency 2010). The dominant technocratic and economic ‘policy image’ resulted in negative
feedback mechanisms in terms of environmental effects and flood control. Due to the
rectification and canalization of river courses, only 10-20% of the natural flood plains
remained in large river basins (Federal Environment Agency 2010), and water pollution
reached a peak in the late 70s (ICPR 2008). Moreover, the severe encroachment in river
courses, which had started long before 1949, had led to much faster and more severe flood
wave propagations, questioning the performance of the adopted approach (Federal
Environment Agency 2010; Lammersen et al. 2002). Simultaneously, an increasing demand
to integrate environmental concerns in flood risk management resulted from a change in
human behavioural factors and consequently societal pressures. With the emergence of a
strong environmental and civil rights movement in the 70s and 80s, new actors entered the
policy arena, which enlarged the ‘policy streams’ negotiated and challenged the policy
monopoly of the dominant actors in nearly all policy domains. As a result, ecological
considerations were increasingly integrated in flood risk management concepts in the 70s and
especially the 80s (Becker 2009).
Following major flood disasters along the river Rhine in 1993 and 1995 which caused
substantial economic losses (Kron and Thumerer 2002), German flood management further
shifted towards a risk-based approach that also adds to reduce the potential consequences of
flooding: complementary to updating and improving technical flood protection and increasing
natural water storage (retention areas), the importance of damage prevention in flood-prone
areas through precautionary measures and spatial planning gained prominence (Becker et al.
2007; ICPR 2002).
Since the middle of the 90s, several developments led to the support and institutionalization of
the risk-based and preventive flood management. The disastrous floods along the Elbe and the
Danube in 2002 that caused the death of 21 people and economic damages as high as €11.6
21

http://www.wwa-don.bayern.de/projekte_und_programme/hws_neu_ulm/index.htm

120

billion (Thieken et al. 2006) revealed significant regulation and implementation deficits in
terms of damage prevention (Petrow et al. 2006).22 As a result, regulative power was shifted
from the federal states (Bundesländer) to the national government to provide more stringent
and uniform regulations in terms of spatial planning and damage prevention by households
and businesses (Wasserhaushaltsgesetz 2009). The massive reconstruction costs and financial
compensations provided to private households by the federal government in the aftermath of
the 2002 event also had a feedback on human behavioural factors: the distribution of the costs
and benefits of publicly funded flood protection infrastructure, which is enjoyed by a
relatively small group of people, was questioned (Federal Environment Agency 2006).
Also the epistemic climate change community and their IPCC reports generated a ‘crisis
situation’ (IPCC 2001, 2007), and successfully introduced their ‘policy image’ into flood risk
management (e.g. Federal Environment Agency 2011). Against the background of the
projected increases in flood risk due to climate change and the considerable uncertainties
associated with these developments, the Federal Ministry for the Environment identified
flexibility, robustness, effectiveness and multi-purpose usage as fundamental requirements for
flood adaptation measures (Federal Environment Agency 2010).
Moreover, the risk-based approach was further institutionalised by the EU Floods Directive
that requires member states to provide risk maps and flood risk management plans by 2013
and 2015 respectively (EU Flood Directive).

8.4.3. The United Kingdom
Contemporary flood risk management in the UK
The institutional arrangements for flood risk management in the United Kingdom comprise, at
central government level, the Department for Environment, Food and Rural Affairs (Defra),
which has oversight responsibility for policy. In addition, the Department for Communities
and Local Government has oversight responsibilities for spatial planning.
The main implementing agency in England and Wales is the Environment Agency. Other
organisations with risk management responsibilities for flooding caused by inadequate
sewerage include the privatised water companies. In addition, internal drainage boards, which
are really farmer co-operatives, operate drainage schemes in lowland areas, and many local
authorities which have responsibilities for emergency planning, spatial planning, and
emergency response. Finally, there are private insurance companies who provide cover
against floods and other perils for virtually all residential properties and the majority of
commercial premises. Currently, flood risk management in the UK comprises a broad
portfolio of measures, in which non-structural measures such as insurance, private precaution
and spatial planning play an important role (e.g. Department for Communities and Local
Government 2010). Safety standards along the coast are derived from cost-benefit analyses
and greatly vary from 50 to 1000 years (Safecoast 2008).
22

http://www.bmu.de/english/water_management/doc/36848.php

121

Input and feedback mechanisms
During the last eight years the flood risk management agenda has been shifted by major
floods in the year 2000 and 2007, the former having a lasting effect on the understanding of
flood risk, and both underpinning significant policy change which we can see as a feedback of
a perceived failure of aspects of the pre-existing flood risk management approaches. The
floods in year 2000 were particularly widespread but this flooding was not significantly
within the major floodplains of the country, more spread across a large number of small
incidents and hence problematic for engineering approaches and more readily tackled by
greater spatial planning effort. The 2007 summer flood centred on major urban areas affected
by intense rainstorm events, giving a combination of what is now termed “surface water
flooding" and conventional riverine flooding. The former was seen as requiring greater water
company involvement in flood risk management than hitherto: the changed nature of the risk
showed the need for different institutional involvements to retain existing levels of policy
performance.
These floods also coincided with a major government research project looking forward to
flood risk over the next 80 years. The conclusions from this Foresight project was that flood
risk could increase substantially over this period of time, driven by climate change and the
intensification of the use of floodplain areas. This project lent heavily on the development of
new technology in flood risk assessment, which led in turn to the development of the National
Flood Risk Assessment (NAFRA). An analysis of flood risk of this scale never been done
before and altered perceptions of what was necessary in flood risk management in the future.
The development of current flood risk management policy was also a function of the changing
institutional context over the last eight years. Three factors are important here. First, there has
been a move towards political devolution in the UK, and also greater devolution of powers
from central government to its agencies working in the field. Central government is now
about policy; implementation is the responsibility of others. This could be seen as a reversal
of previous centralising trends. The consequence for flood risk management has been greater
devolution of powers from Defra to the Environment Agency, most recently finding
expression in the passing of the Floods and Water Management Act 2010, giving greater
responsibility to both the Environment Agency and local authorities.
Secondly, there has been a process of policy change, which already started in the early 1990s
and could be seen as an incremental process of shifting away from a reliance on flood
defence. This trend was accelerated by the severe 1998 Easter flood, which also resulted in a
change of perceptions as it was acknowledged that engineered flood protection alone would
not be sufficient (Johnson et al. 2005; Penning-Rowsell et al. 2006). In 2004, we have had a
major new policy statement on flood risk management from Defra, termed "Making Space for
Water" (MSFW). This, of course, follows an international trend away from reliance on
engineering-only risk management options, towards a greater emphasis on natural processes
and non-structural measures. MSFW also sought a greater emphasis on a more holistic
approach to project appraisal, and greater integration between flood risk management and
other environmental policy areas: a demand that was also stimulated by EU policies
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(European Union 2000; Penning-Rowsell et al. 2006). At the same time we have had changes
in flood insurance arrangements, with agreements being struck between the insurance industry
and government with regard to both levels of cover and investment in flood risk reduction.
Again, this was part of an incremental process of change from the 1960s to the present day,
whereby insurance companies sought to minimise their liabilities by adopting a more riskrelated approach.
The third process that has been important in terms of flood risk management today is the
evolution of the budgetary situation. After the Foresight report in 2004 the government agreed
to increase investment significantly, towards its £800 million per year. Clearly this was a
“crisis-response” that catalysed political decision-making. But since the general election in
2010, flood risk management has been influenced by the economic system and affected by
‘austerity measures’ whereby budgets have been cut.. In parallel, the government has
proposed a "partnership" approach to financing capital projects, whereby local communities,
industries or government agencies will be expected to contribute significantly towards scheme
costs.
In summary, flood risk management today in UK has been driven by episodic hazard events,
by a changing political economy, and a "slimming down of the state" at times of political
change and austerity measures.

8.4.4. USA
Contemporary flood risk management in the USA
An important program for flood risk management in the USA is the federal National Flood
Insurance Program (NFIP) which is administered by the Federal Emergency Management
Agency (FEMA). The program in practice works to standardize flood risk management across
the USA by imposing minimum building and flood zoning requirements to participating
communities. The most important of these requirements are that local governments have to
restrict development in floodways and that the ground floor of new, or substantially
renovated, constructions in the 1/100 year flood zone needs to be elevated to the estimated
‘baseline flood elevation’. If a levee is constructed that protects an area from the 1/100 year
coastal or river flood, then constructions in this area no longer have to comply with the NFIP
requirements. As a result, the 1/100 year flood became the de facto standard for flood risk
management in the USA. NFIP regulations do not explicitly address expected change in flood
zones as a result of climate change.
FEMA identifies flood-hazard areas, makes flood-risk maps, sets flood insurance premiums,
covers the risk, creates design standards for constructions in floodplains, and provides funds
for mitigation projects. Private insurers market insurance policies and administer the process
of paying out claims. Especially since the 1980s, state governments authorize and assist
building regulations in flood-prone areas of local governments that regulate building in
floodplains. In principle, US states and communities can go beyond NFIP requirements and
impose additional building code and flood zoning regulations, and several have done so
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(Burby 2006). This paper examines national policies which is why the remainder of this
section will focus on the development of NFIP regulations.
Input and feedback mechanisms
The NFIP was enacted in 1968 with passage of the National Flood Insurance Act. The flood
risk management system before 1968 did not work well: a series of natural disasters in the
early to mid-1960s imposed a large burden on federal damage relief, flood insurance cover
was expensive or not available, local governments put too little effort in flood risk
management and regulations were not synchronized across the USA. This resulted in the
demand for a federal program to ensure that local government planning and land-use
management decisions give adequate recognition to flood hazards, and in order to meet
consumer demand for affordable flood insurance coverage. In 1968, the program had a highly
voluntary character and homeowners in participating communities could decide themselves
whether or not to join. .
The recognition that the program did not perform well acted as a feedback mechanism to
amend it in 1969, 1973, 1994 and 2004 (Burby 2001; Aerts and Wouter Botzen 2011). It soon
became clear that the NFIP did not have the capacity to conduct all the detailed flood studies
and flood risk mapping which were required to allow communities to enter the program. An
amendment in 1969 took away a major regulatory burden and made it possible that
communities could enter the NFIP in what is called ‘an emergency phase’, in which
preliminary flood-risk studies are sufficient.
The Flood Disaster Protection Act was enacted in 1973 because too few communities entered
the NFIP, and because the market penetration of flood insurance was low. Also, incentives to
encourage the adoption of required floodplain building regulations were insufficient. The
amendment aimed to increase communities’ participation by declining grants in aid for
construction in flood-hazard areas to local governments which were not in the NFIP, and
refusing them federal damage relief after a disaster. Moreover, homeowners in the 1/100 year
floodplain were required to purchase flood insurance if they have federally-backed mortgages
because voluntary insurance purchases were low, which is an example of a behavioural factor
that influences the flood risk management system.
Flood disasters in the Upper Midwest in 1993 showed that still only few households carried
NFIP policies. The National Flood Insurance Reform Act in 1994 aimed to further increase
the market penetration of flood insurance and limit the experience of mounting flood losses
by promoting risk reduction. The monitoring and enforcement of the requirements to purchase
flood insurance were strengthened, stricter requirements were put in place, and disaster
assistance for households without flood insurance was limited. Moreover, the Community
Rating System was established, which rewards communities who invest in risk reduction with
lower premiums. The 1994 Act, moreover, established the Flood Mitigation Assistance
Program that provides mitigation grants to states and local governments. In addition, the
“increased costs of compliance” coverage was established that aims to help homeowners to
pay the costs of making their property comply with the NFIP regulations.
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A recurrent problem is that certain existing buildings in floodplains suffer flood damage
repeatedly over time. The 2004 reform resulted in the establishment of the Repetitive Flood
Claims Grant Program, which funds mitigation measures for structures with repetitive flood
losses, and the Severe Repetitive Loss Program, which provides financial resources to state
and local governments for mitigation activities. Moreover, new regulations allowed for
premium increases for homeowners with a severe repetitive loss that refuse to agree with a
reasonable offer to flood-proof their property.
In summary, flood risk management regulations evolved in response to severe flood disasters,
inadequate performance of earlier regulations which acted as a feedback mechanism, and
human behaviour, like the low uptake of flood insurance. Over time, regulations and federal
involvement increased, and a gradual shift can be observed from voluntary to mandatory
participation of individuals in the program.

8.5. Discussion and Conclusion
Just as flood risk is non-stationary, due to the projected effects of global warming and ongoing development in flood-prone areas, also flood risk management is constantly in a flux.
Using Easton’s system theory as an analytical framework, we identified input and feedback
mechanisms that may influence the adoption of certain flood risk management measures and
thus explain differences in terms of applied flood risk management approaches between
countries. The four case studies presented in the previous section revealed that the identified
input and feedback mechanisms and interaction effects among them can indeed provide useful
explanations for the long-term development of flood risk management approaches in the
examined countries.
As expected, the geographical boundary conditions have a profound influence on the adopted
flood risk management measures. By trend, structural flood protection is considerably higher
for densely populated areas possibly exposed to low-probability and high-impact floods. In
the Netherlands, safety standards of flood defences are much higher for densely populated
coastal dike rings (1/10000) than those for river dike rings (1/1250). In Germany, flood safety
standards are often considerably higher for urban complexes along major rivers such as the
Rhine (1/500), compared with rather thinly populated coastal areas (1/100). However, striking
differences can be observed between the countries. Compared with the Netherlands,
significantly lower standards of 1/100 years for flood protection and damage mitigation
policies apply in the USA even for some main coastal metropolises such as New York City or
New Orleans (Jonkman et al. 2009; Aerts and Botzen 2012).
In line with previous studies (e.g. Johnson et al. 2005), we find that flood disasters exert a
strong influence on flood risk management policies in all four case studies. However, the
demand and support for certain types of measures greatly varies between the countries,
depending on interaction effects with other input and feedback mechanisms. In Germany and
the UK, flood disasters led to the increasing integration or strengthening of non-structural
measures in flood risk management. This trend was supported by changes in human
behavioural factors and EU legislation. Contrary, flood disasters in the Netherlands (e.g. in
1926 and 1953) provided windows of opportunities for the construction of additional large125

scale flood defences. Also near-floods in 1993 and 1995 along the Dutch river dike rings did
not fundamentally challenge this dominant ‘policy image’ given the geographical boundary
conditions, a strong path-dependency resulting from the ‘levee effect’, available technical
capabilities and a good performance of system in place in terms of flood protection.
Also other input and feedback mechanisms play a varying role in the examined countries.
Changes in behavioural factors such as the emergence of a strong environmental movement
led to the integration of wider environmental concerns in flood risk management in the UK,
Germany and the Netherlands in the 1980s. Climate change and its projected effects on flood
risk already considerably influenced flood risk management in Europe, be it in terms of the
design of flood defences or the integration of flexible, robust and multi-purpose flood
adaptation measures. In the US, instead, climate-change considerations are not yet considered
in flood risk management on a federal level, despite local efforts to design climate change
adaptation plans (Aerts and Wouter Botzen 2011). This is probably explained by an
interaction effect with human behavioural factors. While the potential negative effects of
global warming are widely acknowledged in Europe, there is still a profound debate in the US
on a regional level whether climate change is an actual problem.
In addition to Easton’s system theory, we draw from insights from a wide range of policy
science concepts to examine how the above mentioned input and feedback mechanisms are
processed within the political systems. In line with previous studies (Meijerink 2005), we
consider such an integrated use of theoretical concepts as a promising approach to account for
the complexity of contemporary flood risk management.
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Chapter 9
Synthesis and conclusions
Floods continue to cause large economic losses in Europe and worldwide. In the future, it is
expected that flood risk will further increase in many places as a result of the effects of
climate change and an on-going increase in the concentration of people and economic assets
in flood-prone areas. In the light of these developments and the considerable uncertainties
associated with these projections, flood risk management has increasingly shifted towards
integrated approaches, in which private flood mitigation measures can play an important
damage-reducing role. The main objective of the present thesis was, therefore, to gain better
insights into the potential of private flood mitigation measures in this changing risk and risk
management environment. In order to achieve this objective, six research questions were
formulated in the introductory Chapter 1 and then addressed in the Chapters 2 to 8. This final
chapter summarizes the main findings regarding these research questions and their
implications for integrated flood-risk management policies.

9.1. Changes in future flood risk, the independent contributions of climate
change and increasing exposure, and the uncertainties associated with these
developments
In-depth knowledge about the magnitude, pace, and drivers of future changes in flood risk, as
well as the uncertainties associated with these developments is essential, because all this
constitutes the risk environment, in which private flood mitigation measures are supposed to
play a damage-reducing role. The analysis in Chapter 2 showed that the risk from extreme
flood events along the Rhine will not be stationary, and might increase considerably by
between 53 and 230 per cent during the coming decades. The main driver of the future
increase in risk from extreme events is climate change: in particular increased precipitation
and snowmelt are expected to increase flood probabilities. But the effects of socio-economic
developments will also make an important contribution to the future risk increase through
further concentration of people and economic assets in flood-prone areas. Moreover, it was
shown that the uncertainties associated with possible future developments, which are reflected
in the diverging climate and socio-economic scenarios, remain large. Chapter 3 showed that,
in addition to the uncertainties resulting from diverging future scenarios, the application of
different damage models introduces further uncertainties, especially in terms of estimates of
absolute damage values (by a factor of 3.5 to 3.8). However, estimates of relative changes in
flood damage developments prove to be more consistent between models and differ by a
factor of 1.4.
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9.2. Long-term development, current implementation level, and the
damage-reducing effect of private flood mitigation measures
Information on the current implementation level of flood mitigation measures and their
damage-reducing effect is essential to assess the effectiveness of contemporary integrated
flood risk management and of flood alleviation schemes. Chapter 4 presented data from floodprone households living along the German part of the river Rhine. These data show that
households’ direct disaster experience of households is an important trigger for the
implementation of flood mitigation measures. A significantly increased rate of
implementation of private flood mitigation measures can be consistently observed in the
aftermath of flood events between 1980 and 2011. For instance, the number of implemented
flood mitigation measures more than doubled in the aftermath of the severe flood in 1993.
The damage-reducing effect of flood mitigation measures was examined by comparing the
precautionary behaviour of and damage suffered by households that were affected by two
severe floods in 1993 and 1995 along the Rhine. This comparison demonstrated that the
damage reduction of more than 50 per cent in 1995 compared with 1993 can indeed be
attributed to an improved preparedness of the flood-prone population. Respondents who
increased the level of preparedness between the two events observed the largest reduction in
damage. Moreover, it is found that even respondents who did not undertake any precautionary
measure themselves in 1993 and 1995, still benefitted from the improved preparedness of
others because the contamination of flood waters was reduced.
These findings demonstrate that private flood mitigation measures can indeed play an
important damage-reducing role in integrated flood risk management approaches that are
increasingly being adopted in Europe. Especially in areas that are prone to frequent flooding,
such measures implemented at the household level can effectively complement traditional
flood defence systems. In areas for which flood protection levels are high, such as for instance
in the Netherlands, the integration of private flood mitigation measures into flood risk
management seems challenging, given the strong influence of direct flood experience on the
protective behaviour of households. However, also in flood risk management systems that are
characterized by a high flood safety standard, private flood mitigation measures could play a
complementary role in areas that fall outside of the standard protection levels. An example for
this is, for instance, areas outside of the dike rings in the Netherlands (“buitendijkse
gebieden”).

9.3. Relationship between flood risk perceptions, mitigation behaviour and
the demand for governmental risk reduction
Chapter 4 demonstrated that private flood mitigation measures can effectively reduce flood
damage. However, a large share of the respondents (64 per cent of the tenants and nearly 50
per cent of the owners) did not implement a single precautionary measure, despite the high
exposure of the surveyed households to floods. Hence, in order to effectively stimulate flood
precautionary behaviour, better knowledge about the factors that influence individuals’
decisions to protect themselves against flood impacts is essential for risk communication.
128

Such effective risk communication is needed to increase the preparedness of the population
facing flood risk, in order to successfully manage the transition from traditional flood control
approaches to integrated flood-risk management in Europe and other regions. Since risk
perceptions have dominated the literature on flood mitigation behaviour, and because riskawareness raising is an important element of current and envisaged flood risk management, it
is imperative to understand the role that risk perceptions play in prompting private
precautionary behaviour. A review of 16 peer-reviewed studies which together examined the
relation between flood risk perceptions and mitigation behaviour among 12,000 respondents
in 7 countries indicates that high risk perceptions do not necessarily result in improved
mitigation behaviour, as is often suggested (Chapter 5). The majority of these studies, which
were conducted in Europe, Japan and the USA, report no or only a weak relationship between
risk perceptions and flood mitigation behaviour. The weak relationship between flood risk
perceptions and precautionary behaviour is further supported by a survey among flood-prone
households in central Vietnam (Chapter 6), which shows that flood risk perceptions are a
rather weak predictor of intentions to undertake flood mitigation measures. Moreover, the
study in Vietnam confirms that the demand for governmental flood risk reduction cannot be
generally derived from individual risk perceptions, but a specific component of it: namely, the
perceived consequence of flooding. The fact that the results obtained in Vietnam are
comparable to studies conducted in Europe and the US indicates that insights can be
transferred cross-culturally.

9.4. Flood-coping appraisals and other factors than risk perceptions that
influence flood mitigation behaviour
Given the finding that flood risk perceptions, as such, are a rather weak predictor of flood
precautionary behaviour (Chapters 5 and 6), it is of interest to understand what other factors
are found to be consistently related to flood mitigation behaviour. A factor that received
considerably less attention in the literature examining this aspect is flood-coping appraisals,
even though the few existing studies on this topic indicated a consistent relation with
precautionary behaviour. The term coping appraisal refers to the cognitive process that people
undergo when they evaluate possible responses to the threat they face, as well as to their own
ability to avert or avoid a certain risk. It consists of three separate components referred to as
‘response efficacy’, ‘self-efficacy’, and ‘response cost’. Response-efficacy describes whether
a person considers a protective measure as effective to reduce a certain risk. Self-efficacy
indicates whether a person feels able to actually implement a certain measure. Finally,
response cost refers to the financial, time and emotional costs that a person associates with
implementing the respective measures. The survey conducted among 752 flood-prone
households along the river Rhine confirms that flood-coping appraisals are important
variables of influence on four different types of flood mitigation behaviour (Chapter 7). Both
response-efficacy and self-efficacy are found to considerably influence flood mitigation
behaviour. Moreover, it is shown that, in addition to flood experience (Chapters 4, 5 and 7),
the level of income plays an important role as far as the implementation of expensive
structural mitigation measures is concerned. Furthermore, the social environment, which
captures whether neighbours or friends also undertook a flood mitigation measure, is of
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significant influence on the four different types of flood mitigation behaviour. A negative
influence on the implementation of flood mitigation measures is found for non-protective
responses. While non-protective responses, such as wishful thinking, postponement or denial,
do not actually reduce the risk of flooding that respondents face, they help to avoid or
suppress the negative emotions associated with it.

9.5. Environmental factors, drivers and feedback mechanisms that can
explain differences in adopted flood-risk management portfolios
While there is a general trend towards integrated flood-risk management concepts in Europe
and other regions, the initial situation in the various countries, as well as the pace and
direction of change varies significantly between countries. In the UK, non-structural
measures, such as private precaution, land-use planning, and insurance arrangements, have
already long been an integral component of the flood risk management portfolio. In contrast,
structural flood defences remain the dominant flood risk management measure opted for in
the Netherlands. In Chapter 8, a conceptual framework was presented that draws insights from
a range of policy science concepts in an integrated way, in order to explain differences
between countries in terms of the adopted flood-risk management portfolio, and in terms of
the changes to these systems. Four case studies (the Netherlands, Germany, the UK and the
USA) were used to provide an overview of factors and possible feedback mechanisms that
influence flood-risk management practices in the different countries. These include, amongst
other factors, geographical boundary conditions, the occurrence of flood-focusing events, the
efficiency of the existing flood risk management system, but also changes in human
behavioural factors. For instance, countries which face a flood hazard that is characterized by
a low probability but high impacts, and by a short warning time (geographical boundary
conditions), obviously need higher safety standards and will thus more strongly rely on
structural portfolios. The installation and maintenance of such a structural flood risk
management portfolio is often associated with substantial costs that need to be generated from
the economic system. Therefore, the economic situation, and thus the availability of financial
resources, can also lead to a change in the ability and willingness to support the allocation of
substantial amounts of money to flood risk management. Moreover, the occurrence of largescale flood-focusing events also often creates a strong demand to alter course in flood risk
management.

9.6. Implications for integrated flood risk management
This thesis demonstrated that increasing the level of flood mitigation measures at the
household level can be viable strategy in a changing risk and risk management environment.
This is especially the case for areas that are prone to frequent floods. Moreover, private flood
mitigation measures can be a practical solution for areas, in which the implementation of
structural defence measures is not feasible, for instance due to technical reasons or a lack of
financial resources.
According to the projected effects of climate change, floods will become more frequent and
more extreme in many regions, and, could increasingly affect areas with little prior flood
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experience. This also implies that highly vulnerable areas will be increasingly affected. Given
the finding that a large share of households that currently live in highly flood-prone areas
have not undertaken any precautionary measure, further efforts are needed to reach a higher
level of precautionary measures. A first important step in this direction would be to overcome
the existing lack of knowledge and lack of support of flood-prone households regarding their
increased responsibility to contribute to private flood damage reduction.
To achieve this, risk-awareness raising and a dialogue with stakeholders are important tools to
stimulate flood mitigation behaviour in contemporary and envisaged flood risk management.
However, although it is obvious that people need first to be aware of a certain risk in order to
possibly react to it, the findings of the present thesis indicate that the predominant focus on
risk awareness (or perception) will not be sufficient to manage the intended transition to more
integrated flood management approaches. Moreover, it is suggested that a sole focus on riskawareness raising can potentially even lead to non-protective responses, such as fatalism,
denial, and wishful thinking. Even though the few studies that examine non-protective
responses find a negative influence on the adoption of flood mitigation measures, the
literature on this topic is still scarce. Therefore, the role that non-protective responses play in
terms of behaviour towards the risk from floods and natural hazards should be addressed by
future research.
Given the important role that flood-coping appraisals, and in particular self-efficacy and
response-efficacy, play in translating high risk perceptions into protective behaviour, it is,
moreover, recommended that these aspects should receive greater attention in risk
communication policies and future research on flood-mitigation behaviour. Self-efficacy and
response-efficacy refer to an individual’s estimate of the effectiveness of a certain measure,
and whether he or she feels capable of actually undertaking it. Risk communications should
therefore emphasize that flood mitigation measures at the household level can effectively
prevent or reduce flood damage. Moreover, practical advice should be provided to households
on how to deploy such measures.
However, given the strong influence of flood experience on the precautionary behaviour of
flood-prone households, additional policies that go beyond purely voluntary agreements seem
unavoidable if an adequate level of preparedness is to be reached, including in areas with little
prior flood experiences. The finding that flood mitigation measures are often appraised
positively, but are postponed as long as they are not considered as absolutely necessary by the
respondents, shows that there is scope for alternative policies to overcome this passiveness in
order to increase the preparedness of people of risk. These policies should not only apply to
current flood zones in the Rhine basin (e.g. the 1/100 year flood zone) but should anticipate
the effects of climate change on these flood zones. For instance, long-term flood insurance
policies could provide financial incentives for households that implement appropriate
measures, by granting premium reductions, or, by providing practical advice in terms of their
implementation (self-efficacy). The findings of this thesis show that this potential is currently
unexploited by German insurers. Another approach to overcome the low-level of
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preparedness of flood-prone households would be to integrate more stringent requirements in
existing building codes, and to enforce these more strictly.
That it can be a rewarding undertaking to increase the level of flood mitigation measures at
the household level is demonstrated by our finding that flood-prone households have
considerably contributed to damage reduction, and could thus contribute to integrated flood
risk management in the present and future.
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Appendix A:
Questionnaire implemented among flood-prone households along the German part of
the river Rhine
Note: This is a translation of the original German version of the questionnaire.
A. Introduction:
Q.1. Basement
To begin with, I would like to know if you occupy or use rooms in the cellar or ground floor.
1
Yes
2
No (End Questionnaire)
Q.2. Type of house
Which description fits best to your house?
1
single family house (detached)
2
row house
3
two-family house (detached)
4
multi-family house detached (< 6 storeys)
5
multi-family house in a building block (< 6 storeys / with several entrances and house
numbers)
6
high rise buildings (> 6 storeys)
7
farm house
Q.3. Ownership
Do you own the house / apartment you live in or do you rent it?
1
I rent it
2
I am the owner
Q.4. Duration
How long do you already live in your current apartment / house?
X
Years
B. Flood risk perceptions
Q.5. Compare risks
In the following, I will mention several events to you. Please tell me for each event separately on a scale from 0
to 10: How high do you estimate the chance that you suffer financial damages due to these events? 0 stands for
‘very unlikely’, 10 stands for ‘very likely’.
Event
Very Likely
0
1
2

3

4

5

6

7

8

a. Terrorist attack























b. Burglary























c. Fire in the house























e. Flood























f. Traffic accident























g. Storm
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Very unlikely
9
10

Q. 6: Perceived probability
According to you: How likely is it that your household will experience a flood at your home in the coming 5
years?
1
Likely
2
Rather likely
3
Rather unlikely
4
Unlikely
5
Don’t know
Follow up: Q.6.1. Perceived frequency
If you once guess (estimate): How often do you expect that your household will be affected by a flood event, on
average?
1
Once per year
2
Once in two years
3
Once in 4
4
Once in 6
5
Once in 8
6
Once in 10
7
Once in 15
8
Once in 20
9
Once in 50 or less
10
Once in 100 or less
Follow up: Q.6.2.Perceived consequence
How do you estimate the consequences of a potential flood event for your household?
1
bad
2
rather bad
3
rather not so bad
4
not bad
5
Don’t know
Follow up: Q.6.3. Perceived Damages
How high or low do you estimate your financial damages in a case of a flood at your home? Do you think that
the damages would be
1
high
2
rather high
3
rather low
4
Low
5
Don’t know
Q. 7: Perceived future risk
According to you: how will the risk of flooding change in the future in your region? The risk of flood events…
1
Increases
2
Rather increases
3
Rather decreases
4
Decreases
5
Don’t know
IF Q. 7. = 1 or 2 / 3 or 4
Q.7.a: Do you think that the increasing (Q7 =1 or 2) / decreasing (Q.7 =3 or 4) risk of floods is associated with
climate change? Do you consider this as
1
Likely
2
Rather likely
3
Rather unlikely
4
Unlikely
5
Don’t know

Q.9. Existence of climate change
Do you think that humans have an influence on climate change? Do you consider this as
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1
2
3
4
5
6

Likely
Rather likely
Rather unlikely
Unlikely
Climate change does not exist
Don’t know

C. Flood experiences
In the following, I would like to know more about your previous experiences with floods.
Q. 10. Experience with flooding
How often was your current household previously affected by a flood?
X
Mal
Please refer in the following only to the two flood events that struck you personally most severely.
Follow up: Q.10_1a. Severity of the event worst
In which year was your household hit the worst by a flood?
HIT.1 Year
Follow up: Q.10_1b. Severity of the event second worst
And, in which year was your household affected by the second most severe flood?
HIT.2 Year
Follow up: Q.10.3. Water intrusion
Did you have flood water entering your house during the flood HIT.1/HIT.2?
0
No
1
Yes
Follow up: Q.10.4. Water height
How high was the water level during the flood HIT.1/HIT.2 in the following parts of your house?
1
HIT.1: /HIT.2
Cellar: X cm
Ground floor: X cm
First floor: X cm
Follow up: Q.10.5. Geländeoberkante
How many stairs one must approximately climb up at your house to reach the ground floor?
X
Stairs
Follow up: Q.10.7. Experienced damages building content
Can you estimate approximately how high damages were to your building contents, such as interior, fridge,
washing machine etc,. during HIT.1/HIT.2?
HIT.1/HIT.2: XX Euro (DM?)
No damage to content = 99997
Follow up: Q10.7.1. When you think about the damages to your building content during the flood HIT.1/HIT.2:
Did you experience these damages as
1
High
2
Rather high
3
Rather low
4
Low
5
Don’t know
Follow up: Q.10.6. Experienced damages building structure
Concerning damages to your building structure: when you add up all costs (labor and material costs), which
were necessary to repair your building: how high was the financial damage caused by the flood HIT.1/HIT.2?
HIT.1/HIT.2: XX Euro (DM?)
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No damage to structure = 99997
Follow up: Q10.6.1. When you think about the damages to your building during HIT.1/HIT.2: Did you consider
these damages as
1
High
2
Rather High
3
Rather Low
4
Low
5
Don’t know
Follow up: Q.10.8. Received compensation
Have you received any financial compensation or support for the flood damages you suffered during
HIT.1/HIT.2?
0
No
1
Yes
Follow up: Q.10.8.1. Source Received compensation
Could you please indicate who provided the financial compensation?
1
Insurance
2
Governmental authorities
3
Private donations
4
Friends and family
5
Other, namely…
Follow up: Q.10.8.2 Percentage received compensation
Could you estimate, how much of the suffered damages from the flood event Hit.1 / Hit.2 were covered by the
compensation you received?
1
81%-100%
2
61%-80%
3
41%-60%
4
21%-40%
5
0%-20%
Follow up: Q.10.9. Emotion flood
If you think back about the flood event HIT1.: How bad was this experiences for you?
1
bad
2
rather bad
3
rather not so bad
4
not bad
5
Don’t know
Q.10.10. Prior Experience
Has the apartment you currently live in been affected by a flood event prior to the one we just talked about?
1 Yes
0 No
Q.11. Experience of neighbours
Have people in your immediate neighborhood, friends or family experienced a flood event?
1
Yes
0
No
Q.11a Near miss
Was your household ALMOST affected by a flood event, ever before?
1
Yes
0
No

D. Undertaken and intended measures
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There are different ways to respond to the risk of possible flooding. One option is flood protection measures
that are undertaken by private households such as the use of mobile flood protection devices, the protection
against sewage backflow, or to avoid valuable items in rooms prone to flooding.
Q.A12. Precautionary measures yes / no
Have you currently undertaken such concrete measures, to protect your household from floods, or do you plan
to undertake such measures within the next six months?
1
Yes
0
No
Q.12. Measure taken
In the following, I will read out several of such measures. Please tell me, if you implemented the measure at
your household before your household was affected by a flood, after your household was affected by a flood, if
you intent to implement in the near future (within 6 months), if you not plan to implement?
Q.12a: Starting with structural measures
Before you
have been
affected for
the first time
(1)
Installing the heating system
and / or electrical facilities in
higher storeys.
Changing the heating system or
securing the oil tank against
floods.
Improving the flood safety of
my building, which means
improving its stability and seal
cellars
using flood resistant building
materials or materials that can
be easily replaced

After a flood
event

(2)

in the near
future
(within 6
months)
(3)

(still) not
planned / not
possible

Not
specified

(4)

(5)

in the near
future
(within 6
months)

(still) not
planned / not
possible

Not
specified

Q.12a_J: Year measure taken
X
Year
Q.12b
Deploy a flood protection for
the oil tank
Installing a protection against
backflow
Avoiding expensive fixed
interior in flood-prone storeys
and
Q.12b_J: Year measure taken
X
Year
Q.12c: Now we are talking about measures to Avoid damages
Before you
After a flood
have been
event
affected for
the first time
Using flood-prone storeys only
of low-value in order to
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minimise damages.
Avoiding expensive items (such
as personal objects, documents,
valuables) in the cellar and
ground floor
Q.12c_J: Year measure taken
X
Year
Q.12d: And now on possible flood protection devices
Before you
After a flood
in the near
(still) not
Not specified
have been
event
future
planned / not
affected for
(within 6
possible
the first time
months)
Buying fixed or mobile flood
barriers to prevent flood water
from entering the building /
apartment.
Q.12d_J: Year measure taken
X
Year
Q.12e: Information on flood risk:
Do you inform yourself regularly about the risk of flooding at the place you live?
1
Ja
0
Nein
Q.12e_1: Time information flood risk
Have you informed yourself regularly about flood risk in the area you live, before you experienced a flood for the
first time?
1
Yes
0
No
Q.13. Additional measures taken
Are there any other measures that you have implement or plan to implement in the near future, which have not
been mentioned so far?
1
Yes, namely...
0
No
Follow up Q. 12.1. Effects on perceived probability
You mentioned that you have undertaken a measure to protect your household against potential flooding. Do
you think that undertaking this measure changed the likelihood that flood water enters your home? Do you
think that due to the implemented measures, the chance that you experience a flood at or inside your house is
1
lower
2
a bit lower
3
a bit higher
4
higher
5
Or, do you think that nothing has changed
6
Don’t know
Follow up Q. 12.2. Effects on perceived damage
Do you think that the measure(s) you have undertaken has (have) an influence on the amount of flood
damages you would suffer in case of a flood? Do you think that due to the undertaken measure, your
potential flood damages are
1
lower
2
a bit lower
3
a bit higher
4
higher
5
Or, do you think that nothing has changed
6
Don’t know
Follow up Q. 12.3.Subsidies

149

Have you received any subsidies to undertake one of the measures mentioned above?
1
Yes
0
No
Follow up Q.12.3.1.Source of subsidies
Could you please indicate who has provided these subsidies to you?
….
Follow up Q. 12.4. Knowledge about subsidies
Do you know if there are any subsidies available for private households to implement measures that prevent
flood damages?
1
Yes, namely from …
2
No, private households cannot access funds
3
Don’t know
Follow up Q.14.1. Reason intention measure (yes)
You indicated that you plan to undertake a measures within the next six months to protect your household from
flood damages. Can you describe, what influences your decision if and when to undertake this measure?
…
Follow up Q.14.2. Reason intention measures (no)
You indicated that you do not plan to undertake a flood protection measure in near future. Could you give some
reasons for this?
...
E. Flood insurance
Q.15. Insurance
Are you insured against potential flood damages?
1
Yes
0
No
Follow up Q. 15.1. Reasons no insurance
What are the reasons that you did not buy flood insurance? In the following, I will read out possible reasons:
1
The insurance is too expensive
2
I was denied an insurance cover
3
I consider flood insurance as unnecessary
4
I did not know that I can insure myself against flood damages
5
I don’t think that the insurance will really pay out claims
6
The policy conditions are too complicated
7
Are there any other reasons, that have not been mentioned so far……
Follow up Q. 15.2. Risk class
Do you know in which insurance risk class you are in?
1
1
2
2
3
3
4
4
Follow up Q. 15.3. Premium
Do you know how much you pay approximately per year for the insurance?
1
X Euro
2
Don‘t know
Follow up Q. 15.4. Requirements of insurance
Has your insurance required from you or provided advice on how to undertake measures to reduce flood
damages?
1
Yes
0
No
Follow up Q. 15.4. 1. Type of requirements
What kind of measure(s) did the insurance require / advise you to undertake?
…
Follow up Q.15.4.2 Recommendation implemented
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Have you actually implemented this recommendation?
1
Ja
0
Nein
Follow up Q. 15.4. 2. Reduced premium
Was your insurance premium lowered after you have implemented the required measure?
1
Yes, my insurance premium was lowered by
0
No
Q.16. Intention Insurance
Do you intend to insure your household against flood damages in the future? Is this
1
Likely
2
Rather likely
3
Rather Unlikely
4
unlikely
5
Don’t know
Follow up Q.16.1. Reason Intention insurance
You have indicated that you might buy flood insurance in the future. Can you describe what influences your
decision if and when to buy flood insurance?
………..
F. Coping Appraisal
Q. 17. Response efficacy
In the following, I will mention several measures that one can take to protect oneself to protect the household
from flood damages. Please tell me, for how effective do you consider these measures?
1
structural measures (e.g. moving the heating system to the first floor, use of flood resistant
building materials)
2
avoiding valuable interior in the cellar and basement (personal objects, important
documents, valuables)
3
purchasing flood protection devices that shall prevent flood water from entering the building
(e.g. sand bags, sealings for windows and doors, mobile flood walls)
4
purchasing flood insurance
List
1
effective
2
Rather effective
3
rather ineffective
4
Ineffective
5
Don’t know
Q.18. Self efficacy
To what extent are you or a member of your household able, to actually carry out the measures listed below? I
mention the list of measures once again:
1
structural measures (e.g. moving the heating system to the first floor, use of flood resistant
building materials)
2
avoiding valuable interior in the cellar and basement (personal objects, important
documents, valuables)
3
purchasing flood protection devices that shall prevent flood water from entering the building
(e.g. sand bags, sealings for windows and doors, mobile flood walls)
4
to purchase flood insurance
List
1
2
3
4
5

Able
Rather able
Rather unable
Unable
Don’t know

Q.19. Response Cost
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How much effort would it cost you personally to actually implement the measures listed below? This refers
likewise to timely, financial and emotional efforts. I mention the list of measures once again:
1
structural measures (e.g. moving the heating system to the first floor, use of flood resistant
building materials)
2
avoiding valuable interior in the cellar and basement (personal objects, important
documents, valuables)
3
purchasing flood protection devices that shall prevent flood water from entering the building
(e.g. sand bags, sealings for windows and doors, mobile flood walls)
4
to purchase flood insurance
List
1
costly
2
rather costly
3
Rather not costly
4
Not costly
5
Don’t know
In the following, I will read out some statements: Please tell me for each statement, to what extent the
statement also applies to you:
Q.20. Avoidance 1– deny the threat
“I try to think as little as possible about the possibility that I could be affected by a flood.“
1
applies to me
2
rather applies to me
3
rather not applies to me
4
Does not apply to me
5
Don’t know
Q.21. Avoidance 2 – evade the threat:
“I simply hope that I will not be affected by a flood in the future (anymore).”
1
applies to me
2
rather applies to me
3
rather not applies to me
4
Does not apply to me
5
Don’t know
Q.22. Wishful thinking 1- belief in unrealistic solutions
“I assume that I would not need to cover the damages resulting from a flood myself.”
1
applies to me
2
rather applies to me
3
rather not applies to me
4
Does not apply to me
5
Don’t know
Q.23. Wishful thinking 2- belief in unrealistic solutions
“I assume that I am sufficiently protected through public flood defenses and thus do not need to take flood
protection measures myself.”
1
applies to me
2
rather applies to me
3
rather not applies to me
4
Does not apply to me
5
Don’t know
Q.24. Fatalism – Accept threat as unchangeable:
“I cannot influence whether I am affected by a flood. In my opinion, there is nothing I can do personally about
floods.
1
applies to me
2
rather applies to me
3
rather not applies to me
4
Does not apply to me
5
Don’t know
Q.25. Hopelessness – absence of belief in possible solutions:
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“Given all I know about floods and private flood protection, I simply see no way how I could protect myself
against flood damages.”
1
applies to me
2
rather applies to me
3
rather not applies to me
4
Does not apply to me
5
Don’t know
Q.26. Postponement
“Principally I consider flood mitigation measures as a wise thing to do: but, as long as it does not seem
absolutely necessary, I tend to postpone any work on flood protection measures.”
1
applies to me
2
rather applies to me
3
rather not applies to me
4
Does not apply to me
5
Don’t know
H. Factors Coping Appraisal
Q.27. Self-Help Group
Are you a member of a flood self-help group?
1
Yes
2
No
Follow up Q. 27.1. Duration membership self-help group
Since when are you a member?
19XX
Follow up Q. 27.2. Participation self-help group
Have you ever participated in seminars or other activities of that self-help group?
1
Yes
2
No
Q. 28. Social Environment 1
Do your neighbors and / or friends have undertaken measures to protect themselves against flood damages?
1
Yes, most of them
2
Some of them
3
Few of them
4
No, none of them
5
Don’t know
Q. 30 Information flood risk
Have you ever received information on the risk of flooding in the area you live in?
1
Yes
2
No
Follow-up Q. 30.1. Source Information flood risk
Could you please indicate from whom you have received this information?
1
Community / City
2
Provincial authorities
3
Insurance
4
Bank
5
Self-help group
6
International Commission for the Protection of the Rhine
7
THW
8
Firefighters
9
Media
10
Others, namely…
Q. 31. Information mitigation measure
Have you ever received information on ways to protect your household from flood damages?
1
Yes
0
No

153

Follow-up Q.30.1. Source Information mitigation measure
Could you please indicate from whom you have received this information
1
Community / City
2
Provincial authorities
3
Insurance
4
Bank
5
Self-help group
6
International Commission for the Protection of the Rhine
7
THW
8
Firefighters
9
Media
10
Others, namely…
Q.32.Individual advice
Have you received personal advice before on possible measures you could take to avoid flood damages at your
house?
1
Yes
0
No
Follow-up Q.32.1. Source Individual advice
Could you please indicate who provided this advice?
1
Community / City
2
Provincial authorities
3
Insurance
4
Bank
5
Self-help group
6
International Commission for the Protection of the Rhine
7
THW
8
Firefighters
9
Media
10
Others, namely…
Q.33. Protected area
Do you live in an area that is protected through a dike?
1
Yes
2
no
3
Don’t know
Q.33.1.: Improved flood defences flood experience
Was the technical flood protection in the area that you live in improved, after the severe flood
HIT.1 / after the two severe flood events that we have been discussing earlier? E.g. through raising of dikes of
the building of dike and flood protection walls.
1
Yes
0
No
Q.33.1.: Improved flood defences no flood experience
Was the technical flood protection in the area that you live in improved in the last ten years, e.g. through
raising of dikes of the building of dike and flood protection walls.
1
Yes
0
No
Q. 34. Urban / Rural
In what kind of area do you live?
1
City
2
Rural area
3
Periphery
Q.35. Distance to river
Can you estimate how far away your house / apartment is located from the next river?
X
Meter
Q. 36. Flood management
When you think about the flood management policies in recent years: Did you observe any changes?
1 Yes
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2 No
Follow-up 36.1.: Change in flood management
I will read out different statements on flood management policies. Please tell me, if you recognize the respective
changes in flood management policies:
1
Flood management increasingly targets at preventing floods from occurring
1 Yes
0 No
2
Floods and associated risks are increasingly borne by the government
1
Yes
0
No
3
The risks and damages associated with floods need to be borne increasingly by private
households.
1 Yes
0 No
4
Others, namely…
Q.37. Attitude responsibility
To what extent do you agree with the following statement: „To prevent floods and to cope with possible flood
damages is primary a task of the government.”
1
Agree
2
Rather agree
3
Rather disagree
4
Disagree
5
Don’t know
Q.38. Attitude self-protection
To what extent do you agree with the following statement: “Households in areas at risk of flooding are
responsible themselves to undertake measures to avoid flood damages.”
1
Agree
2
Rather agree
3
Rather disagree
4
Disagree
5
Don’t know
Q.39. satisfied flood management
How content are you with the flood management in you region?
1
content
2
Rather Content
3
Rather discontent
4
Discontent
5
Don’t know
Q.40. Education
Could you please tell me your highest completed education?
1
Keinen Schulabschluss
2
Hauptschulabschluss
3
Realschulabschluss
4
Fachabitur
5
Abitur
6
Universitätsabschluss
Q. 41. Age
Could you please indicate how old you are?
Q.43. Members
How many people live in your household?
X

Q. 44. Note: Is the interview partner
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1 male
0 female
Q. 45. Postcode area
Could you please indicate your post code area?
Q. 46. Income
How high is the monthly gross-income of your household? This refers to the whole income of all persons that
contribute to your household income. In the following, I will read out a list; please say stop, if it fits.
1 less than € 750 per month
2 € 751 - € 1000 per month
3 € 1001 - € 1500 per month
4 € 1501 - € 2000 per month
5 € 2001 - € 2500 per month
6 € 2501 - € 3000 per month
7 € 3001 - € 3500 per month
8 € 3501- € 4000 per month
9 € 4001 - € 5000 per month
10 More than 5000 Euro per month
Thank you very much!
Q. 46. Note: please note interviewer ID / or name
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Appendix B:
How likely or unlikely is it that you would personally experience one of the following events?
0 = Event will not happen to me
1 = Very unlikely
2 = Unlikely
3 = Neutral

4 = Likely
5 = Very likely
6 = Event will happen to me for sure

Event
3.

To experience a flood that

0

1

2

3

4

5

6

o

o

o

o

o

o

o

damages your property
How small or large do you expect the negative consequences would be of the following events?
0 = No consequences at all
1 = Very small consequences
2 = Small consequences
3 = Neutral

4 = Large consequences
5 = Very large consequences
6 = Extremely large consequences

Event
3.

To experience a flood that

0

1

2

3

4

5

6

o

o

o

o

o

o

o

damages your property
How important is it for you to prevent or reduce the negative consequences of the following events?
0 = Not important at all
1 = Almost no importance
2 = Little importance6
3 = Neutral

4 = Somewhat important
5 = Very important
6 = Extremely important

Event
3.

To experience a flood that

0

1

2

3

4

5

6

o

o

o

o

o

o

o

damages your property
Do you personally intend to take any measures to protect your family and property against floods in the future?
0. Definitely not
1. Very unlikely
2. Unlikely
3. Neutral

4. Likely
5. Very likely
6. Definitely
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