
VU Research Portal

Dependence of floodrisk perceptions on socio-economic and objective risk factors

Botzen, W.J.W.; Aerts, J.C.J.H.

published in
Water Resources Research
2009

DOI (link to publisher)
10.1029/2009WR007743

document version
Publisher's PDF, also known as Version of record

Link to publication in VU Research Portal

citation for published version (APA)
Botzen, W. J. W., & Aerts, J. C. J. H. (2009). Dependence of floodrisk perceptions on socio-economic and
objective risk factors. Water Resources Research, 45(W10440), 1-15. https://doi.org/10.1029/2009WR007743

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

E-mail address:
vuresearchportal.ub@vu.nl

Download date: 23. May. 2023

https://doi.org/10.1029/2009WR007743
https://research.vu.nl/en/publications/0b319a60-6549-4e69-8c68-3ad1a74e2fac
https://doi.org/10.1029/2009WR007743


Dependence of flood risk perceptions on socioeconomic

and objective risk factors

W. J. W. Botzen,1 J. C. J. H. Aerts,1 and J. C. J. M. van den Bergh1,2,3,4
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[1] This study examines flood risk perceptions of individuals in the Netherlands using a
survey of approximately 1000 homeowners. Perceptions of a range of aspects of flood risk
are elicited. Various statistical models are used to estimate the influence of socioeconomic
and geographical characteristics, personal experience with flooding, knowledge of flood
threats, and individual risk attitudes on shaping risk belief. The study shows that in
general, perceptions of flood risk are low. An analysis of the factors determining risk
perceptions provides four main insights relevant for policy makers and insurers. First,
differences in expected risk are consistently related to actual risk levels, since individuals
in the vicinity of a main river and low-lying areas generally have elevated risk perceptions.
Second, individuals in areas unprotected by dikes tend to underestimate their risk of
flooding. Third, individuals with little knowledge of the causes of flood events have lower
perceptions of flood risk. Fourth, there is some evidence that older and more highly
educated individuals have a lower flood risk perception. The findings indicate that
increasing knowledge of citizens about the causes of flooding may increase flood risk
awareness. It is especially important to target individuals who live in areas unprotected by
dike infrastructure, since they tend to be unaware of or ignore the high risk exposure
faced.

Citation: Botzen, W. J. W., J. C. J. H. Aerts, and J. C. J. M. van den Bergh (2009), Dependence of flood risk perceptions on

socioeconomic and objective risk factors, Water Resour. Res., 45, W10440, doi:10.1029/2009WR007743.

1. Introduction

[2] Individuals often deviate from rational behavioral
principles when they make decisions under risk [Tversky
and Kahneman, 1986; Kahneman, 2003]. In evaluating
hazards, people commonly rely on intuitive risk judgments
or risk beliefs, which are often called ‘‘risk perceptions’’
[Slovic, 1987]. Such perceptions may differ considerably
from expert assessments of risk, as individuals find it
difficult to evaluate probabilities of infrequent hazards or
may lack adequate information about risk. An understand-
ing of risk perceptions and their determinants and allowing
for ‘‘bounded rationality’’ or limitations in individuals’
perceptual and cognitive capabilities are fundamental in
correctly anticipating individual responses to risky events
[Botzen and van den Bergh, 2009].
[3] Knowledge about risk perceptions of natural hazards

may provide important information about individual deci-
sions regarding insurance purchases; decisions to take self-
protection measures; and public support for governments’
risk reduction policies. Household risk judgments can also

support the legitimacy of, and compliance with, land-use
planning and other risk reduction policies that are under-
taken by governments [Peacock et al., 2005]. Political
support by individuals for risk reducing investments is
stronger if the risk to be reduced is perceived as great by
citizens [Viscusi and Hamilton, 1999]. Detailed information
about risk perceptions may further improve communication
about risk reduction policies to the public. Individual
beliefs about hazards are important factors behind individual
decision making under risk with respect to insurance pur-
chases and the undertaking of self-protective measures. As
an example, W. J. W. Botzen and J. C. J. M. van den Bergh
(Risk attitudes to low-probability climate change risk: WTP
for flood insurance, working manuscript, Institute for En-
vironmental Studies, Vrije University, Amsterdam, 2008a;
Monetary valuation of insurance against climate change
risk, working manuscript, Institute for Environmental
Studies, Vrije University, Amsterdam, available at www.
adaptation.nl, 2008b) empirically analyze demand for flood
insurance in the Netherlands using stated preference meth-
ods, and their results show that risk perceptions relate
significantly and positively to demand for flood insurance.
Often natural hazard risks comprise nature- and govern-
ment- (protection-) related components, which are exoge-
nous to the individual, as well as individual choice
components, such as the location decision and the (lack
of) implementation of precautionary measures. Examples of
precautionary measures are the anchoring of roofs to limit
hurricane damage or elevating houses and installing water
barriers to limit flood damage. Individuals’ risk beliefs
affect the undertaking of damage mitigation measures and
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the extent to which losses will be reduced by means of
precautionary measures [Burn, 1999; Flynn et al., 1999].
[4] Natural hazards have been an important topic for risk

perception research, especially in the psychological litera-
ture [Slovic, 2000]. Nevertheless, there has been little
empirical research on the factors shaping individual risk
perceptions of specific natural hazards [Peacock et al.,
2005]. Most risk perception research has focused on
explaining risk perception by prior experience, knowledge,
and socioeconomic as well as demographic characteristics
[e.g., Sjöberg, 2000]. Especially for flood risk, little research
has been conducted on the influence on risk perceptions
of geographical characteristics, such as proximity to the
hazard. The existing evidence relating risk perception to
proximity to the risk is mixed. Palm et al. [1990] and Mileti
and Darlington [1997] do not find a relation between
proximity to an earthquake fault line and risk perception.
On the other hand, risk assessment of volcanic, toxic gas, or
radioactive material releases and proximity to the hazard
were found to be positively associated [Lindell, 1994].
According to Peacock et al. [2005], perceptions of hurri-
cane risks are positively related to living in an area with
high potential wind speeds. Brilly and Polic [2005]
observed that flood risk awareness is higher in a flood-prone
area in Slovenia than in areas where flooding is less
common. According to Siegrist and Gutscher [2006], Swiss
households’ perceptions of flood hazards were related to the
riskiness of a location based on flood risk maps. These
authors observed a significant and positive relation between
risk perceptions and expert assessment of risk, but in certain
regions perceived risks were considerably over- or under-
estimated by individuals. Some studies have used different
types of ‘‘cognitive mapping’’ methods to elicit relations
between perceptions of natural hazard risk and spatial
characteristics derived from geographical maps [see, e.g.,
Kaplan, 1973; Gaillard et al., 2001; Ruin et al., 2007]. For
example, Ruin et al. [2007] related motorists’ perceived risk
of flash floods on various routes to actual risk derived from
geographical maps and found that drivers were more likely
to under- than overestimate the risk of flash floods.
[5] The objective of this study is to examine individual

risk perceptions of river flooding in the Netherlands and
assess the relationship between actual or objective risk
measures and the shaping of risk perceptions. The research
method is a survey of approximately 1000 homeowners
who live in the Dutch river delta. The specific nature of
flood risk means that it is possible to identify the depen-
dence of risk perceptions on the various geographical
characteristics of individuals’ residential area that affect
the likelihood and consequence of the hazard. A Geograph-
ical Information System (GIS) is used to obtain information
on various indicators of objective exposure to risk derived
from the geographical location of households, such as their
elevation relative to the potential water level, proximity to a
main river, and the degree of protection by dike infrastruc-
ture. Particular attention is paid here to how these actual
measures of flood exposure based on geographical charac-
teristics shape perceived flood risk, in addition to socioeco-
nomic characteristics and knowledge about, and experiences
with, flooding. This approach is supported by dual process
theories in psychology that postulate that risk perceptions
are shaped by both experiences and analytical reasoning

[Slovic et al., 2004]. In contrast to many other studies which
often analyze just one indicator of perceived risk, we have
elicited several proxies of risk beliefs in order to arrive at a
complete understanding of flood risk perceptions. In partic-
ular, we examine: the perceived risk relative to an average
resident; the perceived probability of flooding (both in
relation to other risks and independently); perceptions of
whether dike maintenance complies with the safety norm of
dike design; and the amount of flood damage individuals
expect to suffer. The determinants of these perceptions are
analyzed with ordered probit, binary probit, and OLS
regression models [e.g., Wooldridge, 2002].
[6] The remainder of this paper is structured as follows.

Section 2 provides information about flood risk and flood
risk perceptions in the Netherlands. Section 3 discusses the
psychology of the formation of risk perceptions. Section 4
explains the survey. Section 5 provides a detailed analysis
of the answers to the questions on individual flood risk
perceptions. Section 6 presents estimation results for a range
of statistical models of the factors that shape flood risk
perceptions. Section 7 presents conclusions.

2. Flood Risk and Perceptions in the Netherlands

2.1. Flood Risk in the Netherlands

[7] The Netherlands is a relevant case study because the
area is very vulnerable to flooding. The country comprises a
delta where the rivers Rhine, Meuse and Scheldt flow into
the North Sea. About half of the country is situated below
sea or river water level, and about two-thirds of the
country’s GDP is earned in these low-lying regions.
Advanced dike infrastructures protect these areas, known
as ‘‘polders,’’ from flooding. Currently, Dutch flood safety
norms are the highest in the world, ranging from a 1 in
10,000 years flood event near the coast up to a 1 in 1,250 years
flood event near rivers. Nevertheless, it is realized that
absolute safety cannot be achieved, and residual flood risks
remain. The consequences of flooding can be catastrophic
with potential damage costing up to 100 billion [Aerts et al.,
2008]. In other words, floods can be characterized as a low
probability, high impact risk. Moreover, climate change is
expected to increase future flood risk as a result of more
(extreme) precipitation, higher peak flows of rivers, and rise
in sea level [Intergovernmental Panel on Climate Change,
2007; Middelkoop et al., 2001].
[8] Several adaptation strategies to limit rising risk have

been suggested and are currently being implemented: namely,
heightening dikes; creating more space for rivers; and
designing flood retention areas. In addition, ‘‘soft’’ mea-
sures are considered, such as insurance and increasing the
preparedness of individuals for disasters [e.g., Kabat et al.,
2005]. At present, private insurance for flood damage is not
available in the Netherlands, but the government may grant
part compensation for damage caused by large flood dis-
asters. The introduction of a public-private partnership for
insuring flood damage may be useful to decrease the
uncertainty of postdisaster government compensation and
provide households with incentives to minimize damage
[Botzen and van den Bergh, 2008]. Most investments in
flood protection are made by the government and are
focused on lowering the probability of flooding. Neverthe-
less, individuals have a certain degree of control over the
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damage caused by floods. Botzen et al. [2009a] show that
damage-mitigating measures undertaken by Dutch house-
holds can be effective in limiting flood damage. Their
statistical analysis indicates that households are more likely
to invest in self-protection measures, the higher they per-
ceive their risk of flooding. This underpins the need to
examine individual risk perceptions and their determinants
in more detail. Moreover, insights into individual risk
perceptions and their determinants are very relevant for
the current discussion of opportunities to develop flood
insurance in the Netherlands.

2.2. Studies on Perceived Flood Risk
in the Netherlands

[9] Research on flood risk perceptions in the Netherlands
is still in its infancy, and considerable research efforts are
needed to provide insights for policy. Research on percep-
tions is rare, as water management studies in the Nether-
lands have traditionally focused only on technical analyses
of flood risk prevention [Baan, 2004]. Nevertheless, some
studies have been undertaken that provide a relevant starting
point and comparison with the present study.
[10] The importance of considering flood risk perceptions

in water management in the Netherlands was highlighted by
Baan and Klijn [2004]. Terpstra et al. [2006] conducted a
survey (n = 49) and a focus group (n = 14) to examine
flood-risk perceptions, and concluded that, overall, individ-
uals found it difficult to imagine a flood really occurring,
i.e., the perception of the probability of flooding is low.
Terpstra and Gutteling [2008] recently undertook an empir-
ical study on flood-risk perceptions in the Netherlands,
consisting of a larger sample (n = 658). The authors
conducted an Internet survey in the province of Friesland,
which is protected by dikes with a safety norm of 1/4,000
years. Respondents were asked to rate: their personal risk of
flooding; the likelihood of a flood event in Friesland within
the next 10 years; the severity of personal consequences;
feelings of fear, perceived control during a flood; and the
frequency of flood risk. In addition, respondents rated their
trust in the expertise and credibility of the authorities
responsible for flood risk management in Friesland. Qual-
itative response scales were used, ranging from four to six
items. The results of Terpstra and Gutteling [2008] indicate
that, overall, risk perceptions are low, which is reflected in
low scores for personal risk, frequency of flooding, and
feelings of fear. In contrast, the consequences of flood risks
were rated considerably higher than the flood probability,
indicating an elevated perceived risk of expected damage
compared with the flood probability. Individuals showed
confidence in their personal ability to live through a flood

event. Trust in the expertise of the authorities responsible
for preventing flood damage was generally high, but their
credibility was rated somewhat lower.

3. Psychology of the Formation of Risk
Perceptions

[11] The thinking, knowing, and information processing
of individuals is often presented as a dual-process theory
[e.g., Sloman, 1996; Loewenstein et al., 2001; Kahneman
and Frederick, 2002]. This theory postulates that two
systems are at work in the human brain to help people
apprehend reality; namely, an experiential system and an
analytic system, as depicted in Table 1 together with a list of
their properties. It should be noted that certain authors have
defined these systems somewhat differently. Here, we use
the terminology of Slovic et al. [2004], who undertook a
study indicating the role of the ‘‘affect heuristic’’ in shaping
risk perceptions. The experiential and analytical systems
work in fundamentally different ways. The experiential
system is generally labeled as intuitive, automatic, natural,
nonverbal, narrative, and experiential. Tversky and Kahneman
[1983] show the importance of intuitive reasoning related to
the experiential system in making probability judgments. In
contrast, the analytical system is characterized by analytical,
deliberative, verbal, and rational aspects [Epstein, 1994].
The two systems operate in a parallel manner and interact so
they simultaneously process information to shape judgments
or perceptions.
[12] According to Slovic et al. [2004] and Loewenstein et

al. [2001] affective feelings are important in individual risk
judgments. Individuals may have a higher risk perception if
flood risk is associated with negative feelings, which may
have been caused or reinforced by experiences with flood-
ing or evacuation due to a flooding threat [Finucane et al.,
2000; Keller et al., 2006]. This is related to the relevance of
the ‘‘availability heuristic’’ in risk perception discussed by
Tversky and Kahneman [1973, 1974]. Heuristics are simple
rules that individuals may use in risk judgments [Kahneman
et al., 1982]. Individuals who use the availability heuristic in
forming perceptions judge an event as risky if it is easy to
imagine or recall. For example, individuals who have
experienced a flood may find it easier to imagine that a
flood will happen again in the future and, therefore, indicate
a higher perceived risk than individuals without flood
experience. From a Bayesian learning standpoint, one would
also expect that perceived risk increases after the experi-
ence of a disaster [Viscusi and Zeckhauser, 2006]. In
particular, individuals may revise prior risk beliefs upward

Table 1. Comparison of the Experiential and Analytic Systemsa

Experiential System Analytic System

Holistic Analytic
Affective (pleasure –pain oriented) Logical (reason oriented (what is sensible))
Associationistic connections Logical connections
Behavior mediated by ‘‘vibes’’ from past experiences Behavior mediated by conscious appraisal of events
Encodes reality in concrete images, metaphors, and narratives Encodes reality in abstract symbols, words, and numbers
More rapid processing: oriented toward immediate action Slower processing (oriented toward delayed action)
Self-evidently valid (‘‘experiencing is believing’’) Requires justification via logic and evidence

aSource is Slovic et al. [2004].
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after the experience of a disaster if it provides information
that risk may be higher than initially anticipated.
[13] Empirical results about the effects of experience on

risk perceptions across studies are not entirely consistent.
For example, Peacock et al. [2005] find that earlier expe-
rience with a disaster can even lower the perceived risk
associated with future events. A possible explanation of the
latter phenomenon is that some people think that if they
have experienced one disaster this reduces the likelihood of
experiencing another in the future. The specific nature of the
experiences is likely to be important in shaping risk per-
ceptions. For example, all residents of a region where
flooding has occurred may claim that they have experienced
a flood, even when not all of them have actually suffered
from water near or inside their house. Research has shown
that more intense personal experiences, such as suffering
damage, results in elevated perceptions of risk [Windham et
al., 1977; Perry and Lindell, 1990; Norris et al., 1999; Riad
et al., 1999]. The effects of experiences with flooding on
perceptions of flood risk by Dutch households will be
examined in this study. The dual process theory provides
a useful basis for the present study since it highlights the
relevance of examining the influence of experience with
flooding in shaping perceived risk. It also provides a basis
for analyzing rational decisions in relation to objective infor-
mation, such as proxies for flood exposure based on the
geographical properties of the individuals’ residential area.

4. Explaining the Survey and Variables Used
in Modeling Risk Perception

4.1. Pretests and Implementation of the Survey

[14] During the design of the survey, experienced stated
choice practitioners, other economists, natural scientists,
water management experts, and psychologists reviewed
versions of the questionnaire. After incorporating their
comments, three pretests of the questionnaire were con-
ducted between August and October 2007 using face-to-
face interviews. Four trained and carefully supervised
interviewers (50% male and female) interviewed 88 house-
holds. These pretests turned out to be useful in checking the
understanding of the survey by the respondents, and
resulted in several adjustments in the formulation of explan-
ations and questions. A fourth and final pretest was con-
ducted to test the online questionnaire, which resulted in
minor adjustments in layout. Overall, the pretests indicated
that the risk perception questions were not too difficult and
that respondents were motivated to participate in the survey.
[15] The survey was administered over the Internet using

Sawtooth CBC software (www.sawtoothsoftware.com).
This computer-based method has the advantage that inter-
viewer effects can be avoided and a large geographically
spread sample can be obtained at relatively low costs.
Respondents were selected from the consumer panel of
Multiscope and contacted by e-mail (www.multiscope.nl).
This e-mail did not specify the topic of the survey, to
prevent selection bias. The sample consists of random
draws of panel members who live in ‘‘dike ring’’ areas in
the Netherlands with a safety standard of once in 1,250
years (see Botzen and van den Bergh [2009, Figure 1] for
a map of the sample area). A so-called dike ring is a
geographical unit bounded by a flood protection system of

dikes. Only homeowners could participate in the survey.
Tenants were excluded since they do not bear the costs of
flood damage to their homes. The sample was set up to be
representative for the Dutch population up to the age of 60
years. Fewer older individuals are represented in the Inter-
net sample, because seniors are generally less active on the
Internet than younger people. The survey was removed
from the Internet once the desired number of respondents
was reached. The use of the consumer panel of Multiscope
does not allow us to calculate the exact response rate to our
survey since the survey was removed from the Internet once
a prespecified quota of completed questionnaires was
reached. On average, response rates of the consumer panel
are well above 20% (www.mutiscope.nl). A total of 1140
respondents filled out the questionnaire. Respondents who
lived outside the sample area or in apartments higher than
the first floor were removed from the data. The resulting
total number of completed questionnaires is 982. An exten-
sive description of the pretests, structure and implementa-
tion of this survey, and English translation of the complete
questionnaire is given by Botzen et al. [2008]. Several
questions were posed to respondents before those on risk
perceptions. These initial questions addressed their experi-
ences with flooding, evacuation and flood damage, as well
as their knowledge about the causes of flooding. Such
questions introduce the topic to respondents, and the
answers serve as explanatory variables in modeling the
responses to the risk perception questions (section 6). In
addition, a short introductory text was included before the
risk perception questions explaining that respondents would
be asked several questions on how they estimate the
probability and resulting damage of river flooding. In
section 5, we will explain in detail the questions used to
elicit risk perceptions.

4.2. Sample Characteristics

[16] Our sample has slightly more male (58%) than
female respondents, which may be because the Internet
survey method attracts more male respondents. Approxi-
mately, 50% of the respondents have at least one child who
still lives at home and 39% have a bachelor’s or master’s
degree as their highest education level. On average respond-
ents are 46 years old. The proportion of respondents who
are older than 60 years is about 11%, which is smaller than
is the case in the actual Dutch population. The median and
average after-tax household income is the answer category
‘‘between A2501 and A3000 per month,’’ which is close to
the average after-tax income of a household that owns a house
in the Netherlands: namely, A3025 per month (Statistics
Netherlands, StatLine Database, www.cbs.nl, Centraal Bureau
voor de Statistiek, The Hague, Netherlands, 2008).

5. An Examination of Perceptions of Flood Risk
in the Netherlands

[17] Five questions were used to elicit individual percep-
tions of flood risk. These questions are shown in Appendix
A. The first three questions asked respondents to rate the
flood probability using qualitative answer categories. The
last two questions about flood risk perceptions asked
respondents to give quantitative estimates of the expected
return period of flood and expected damage. Here, these
questions and answers will be discussed in detail.
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5.1. Perceived Flood Risk Relative to Other Risk

[18] The respondents were asked to rate on a scale from 0
to 10 the probability that their household suffers financial
damage to their property as a result of various risks,
including flooding (Appendix A). On this scale, 0 repre-
sents no probability; five is a neutral option and; 10 is an
extremely high probability. Similar scales have been suc-
cessfully used to assess perceived likelihoods of health
risks, such as surviving until a specified age [Hurd and
McGarry, 1995], as well as nuclear risk [Kunreuther et al.,
1988]. This question allows for assessing how individuals
perceive the flood risk relative to other risk they face and,
therefore, puts the perceptions of flood risk into perspective.
The other risks include a terrorist attack, burglary, a house
fire, car theft, a car fire, traffic accident, and storm. In some
countries storm and flood risk can be very related, such as
hurricanes in the USA. In the Netherlands river floods are
mostly caused by peak water discharges due to rainfall and
meltwater contributions in upstream countries, such as
France and Germany, and not so much by storms. Wind-
storms are very common in the Netherlands and often inflict
considerable damage to properties without causing any
floods [e.g., Botzen et al., 2009b]. Therefore, it is unlikely
that any ambiguity exists between the storm and flood
events included in this question.
[19] In practice, the average probability of suffering

financial damage caused by flooding is lower than the
probability of suffering damage from storm, burglary, a
traffic accident, a house fire, and car theft, while it is higher
than suffering damage from a car fire and a terrorist attack
[Central Bureau voor de Statistiek, 2007; Verbond van
Verzekeraars, 2007]. Approximately, 82% of the respond-
ents rate the flood risk as less likely than the storm risk,
79% rate the flood risk as less likely than burglary, 69% rate
flood risk as less likely than a traffic accident, also 69% rate
flood risk as less likely than car theft, and 67% rate flood
risk as less likely than a house fire. About 50% think that
the probability of suffering flood damage is smaller than the
probability of suffering damage from a car fire, although
this is in fact not true for the average citizen [Botzen et al.,
2008]. Moreover, 56% of the respondents think that they are
less likely to suffer damage to their property as a result of a
flood than from a terrorist attack. In reality, however, the
probability of suffering rty damage from flooding is

likely to be much larger than suffering property damage
because of terrorism in the Netherlands. Loewenstein and
Mather [1990] find that recent risks often attract consider-
able concern from individuals (sometimes defined in the
literature as ‘‘panic’’), which may be due to unfamiliarity
with the risk. The 2001 attacks by religious extremists on
the World Trade Center raised the ranking of terrorism risk
on the political agenda and, therefore, individuals may
perceive it as a recent threat. This may explain why Dutch
households are more concerned with risk related to terror-
ism than flood risk. Overall, it can be concluded that our
respondents judged the level of flood risk to be lower than
other types of risks.
[20] Table 2 shows ratings of the flood risk and the other

hazards. About 9% of individuals rate the probability of
suffering flood damage as 0, and most respondents (20%)
rate flood risk with the second lowest category. The per-
centage of respondents who choose a higher level of risk
gradually decreases as the risk level rises, apart from the
neutral option (category 5), where a small upward jump in
the distribution can be observed. Compared with the dis-
tributions of the other risks, the risk levels lower than the
neutral point were chosen most often for the flood hazard,
apart from the categories 0 and 1 for the terrorist risk and
category 4 for the risk of a car fire. This confirms that flood
risk perceptions are low compared with the other risks.

5.2. Qualitative Estimate of the Perceived Flood
Probability

[21] The aforementioned results concerned the rating of
the flood probability, together with other risks. These
answers are not, however, used in the statistical analysis
of the factors underlying the shaping of flood risk percep-
tions in section 6. This is because the level of the rating of
the flood probability may have been influenced (so-called
anchoring) by the rating of the other events in Table A1
(shown in Appendix A). This would imply that the chosen
risk level of the perceived flood probability is partly
determined by the risk levels assigned by that respondent
to the other risks. As a consequence, using the previous
question to analyze the factors that determine the rating of
the flood risk independently of the other risks would not be
very useful. Therefore, we included another question that
asked the respondents to rate the flood probability without
requiring them to rate other risks, so that the rating of the
flood probability itself cannot be biased. The scale differs
from the scale of the previous question and has fewer
categories so that respondents view the question as being
distinct.
[22] This question asked respondents to rate the proba-

bility that a flood occurs in their residential area on a
qualitative scale with the options: ‘‘I do not have any flood
risks,’’ ‘‘very low,’’ ‘‘low,’’ ‘‘not low/not high,’’ ‘‘high,’’
‘‘very high,’’ and ‘‘don’t know.’’ Table 3 provides the rating
of the flood probability by the respondents. Overall, indi-
viduals perceive their risk of flooding as low. About 11%
expect that they do not face any flood risk; 31% of the
individuals regard their flood risk to be very small; and
another 31% thought that they face a small flood risk. Thus,
in total, 72% of the respondents rated their flood probability
as ‘‘small,’’ ‘‘very small,’’ or ‘‘no flood risk at all.’’ Few
respondents chose the ‘‘high’’ and ‘‘very high’’ categories.

Table 2. Risk Ratings of Various Hazardsa

Risk
Rating

Hazard

Flood
Terrorist
Attack Burglary

House
Fire

Car
Theft

Car
Fire

Traffic
Accident Storm

0 8.6 14.0 0.1 0.2 6.1 6.4 0.1 0.1
1 20.8 24.8 1.1 5.1 2.3 11.3 1.1 1.5
2 16.1 13.5 4.1 7.8 5.1 12.3 3.2 2.2
3 12.3 9.4 6.1 8.6 8.5 9.3 3.6 4.6
4 10.6 5.5 6.7 9.5 6.2 11.6 4.2 4.6
5 15.2 22.8 23.7 35.3 21.7 28.7 28.7 19.9
6 9.0 5.0 21.9 18.0 20.2 11.2 17.6 21.6
7 4.5 3.3 21.4 10.6 18.2 6.2 22.7 24.7
8 2.3 1.3 11.1 3.3 8.7 2.1 13.4 15.0
9 0.4 0.3 3.1 1.1 2.3 0.6 4.5 4.8
10 0.3 0.1 0.7 0.5 0.7 0.2 0.9 1.0

aValues given as a percentage of total respondents.
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Only about 0.5% answered the don’t know option. The
responses to this question are consistent with the results of
the previous question, where most individuals rated their
probability of suffering damage due to flooding low relative
to other risks. A correlation analysis indicates that the
perceptions of the probability of suffering flood damage
(shown in Table 2) are positively and significantly (at the
1% level) related to the perceived flood probability (shown
in Table 3), as would be expected.

5.3. Respondents’ Perceived Flood Risk Relative
to an Average Citizen

[23] Several studies have elicited individual risk percep-
tions compared with a national average [e.g., Viscusi and
Zeckhauser, 2006; A. M. Leiter, The sense of snow:
Individuals’ perception of fatal avalanche events, working
manuscript, Department of Economics and Statistics, Uni-
versity of Innsbruck, Innsbruck, Austria, 2009]. Our third
question follows this tradition in risk perception research
and asks respondents to rate their flood risk compared with
an average resident, using as answer options ‘‘lower than
average,’’ ‘‘equal to average,’’ and ‘‘higher than average.’’
On the basis of our research, most respondents think that
they have a lower than average flood risk (48%); 34%
expect that they have an average flood risk; but only 18%
think that they have a higher than average flood risk. This
finding contradicts the fact that almost all respondents have
a higher than average flood risk compared with an average
person in the Netherlands, because the sample consists of
dike ring areas with the lowest protection norm of the
country. Viscusi and Zeckhauser [2006] who use a similar
question to estimate perceptions of several risks based on a
representative sample of the USA find a similar result. In
their study, most people rate the risk of dying because of a
car accident, terrorist attack, or natural disaster as below
average or average. An explanation for this finding may be
that people realize that the true distributions of these risks
are skewed, in the sense that a small fraction of the
population is at much higher risk (e.g., because they live
in flood prone areas), meaning that most people have, in
fact, lower than average risk. This is, however, not a
satisfactory explanation for the findings in the present
survey, since the sample is drawn from individuals who
live in high-risk areas, and therefore it is not a representative
sample for the whole country. This implies that individuals
who indicate that they have a lower flood risk than the
national average are in fact underestimating their own risk
or overestimating the national average risk. Many individ-
uals seem to be unaware that they live in an area vulnerable
to flooding.

5.4. Perceived Return Period of Flooding
and Compliance With the Flood Safety Norm

[24] We further elicited a quantitative estimate of the
return period of flooding expected by individuals. This is
an indicator of the perceived flood probability, because the
inverse of the return period equals the probability of flood-
ing. Asking for a return period rather than a probability may
be easier for respondents as judgments under uncertainty are
generally improved when risks are expressed in frequencies
rather than probabilities [Gigerenzer and Hoffrage, 1995].
A logarithmic scale of return periods was used as a visual
aid, as by Schneider and Zweifel [2004]. It was explicitly
stated that respondents could answer any return period, even
if it was not on the scale. Kunreuther et al. [2001] find that
providing an anchor helps respondents to assess low prob-
abilities. A text in the questionnaire explains that the
government is responsible for dike maintenance, and that
a dike should be high enough to ensure that, on average, it
does not flood more than once in 1,250 years, which is the
‘‘return period’’ that represents the legal safety norm of
flooding. This is indicated on top of the scale presented to
the respondents as an anchor to help respondents give an
expected return period of floods (see Appendix A). This
makes it possible to assess whether individuals expect a
flood return period higher or lower than the legal safety
norm. The answers to this question indicate whether indi-
viduals expect that dike maintenance is adequate, i.e., it
complies with the legal norm. This is of interest since, in the
present situation (year 2008), it appears that approximately
20% of the in total 3500 km length of the main dike ring
system does not in fact comply with the safety standards as
required by the Dutch law. In areas with insufficient dike
maintenance, the flood probabilities are higher, as indicated
by a recent study [Dienst Weg-en Waterbouwkunde, 2005].
This study shows that for some dike rings, flood probabil-
ities may be as high as 1/200 due to the early failure of
weirs and sluices in the case of extreme events. Investments
in the Dutch dike ring system are ongoing, and it is
expected that the system will be updated in the year 2015
[Aerts et al., 2008].
[25] The perceived flood frequencies of respondents are

summarized in Figure 1. A large majority of the respondents
(70%) expect that the return period of flooding is larger than
the legal norm of 1/1,250 years. Almost 40% expect that the
return period is 1/100 years or smaller, which indicates that
many individuals perceive the flood probability as being
considerably higher than the legal norm. These high per-
ceived frequencies are not consistent with actual risk, even
when taking into account that the current dike maintenance
in some areas is inadequate. A small fraction of respondents
(4%) gave a zero return period of flooding, meaning that
they expect that a flood will never occur. A similar fraction
gave a recurrence interval larger than 10,000 years, which
represents a very small perceived flood probability. Overall,
pessimistic beliefs about the flood probability outweigh
optimistic beliefs, which is in accordance with the findings
of other studies [Camerer and Kunreuther, 1989; Schneider
and Zweifel, 2004]. These results are further consistent with
findings in the behavioral economics and psychological
literature that individuals overestimate low-frequency risks
when these are expressed as a probabilistic metric [Hurley
and Shogren, 2005].

Table 3. Respondents’ Perceived Flood Probability

Answer Categories Percent of Responses

No flood risk at all 10.5
Very small 30.7
Small 30.8
Not small/not large 19.3
Large 7.4
Very large 0.7
Don’t know 0.6
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5.5. Expected Flood Damage

[26] Flood risk is often defined as flood probability *
flood damage. An assessment of perceived risk should
examine both probability and damage components. While
the first four perception questions address the probability of
flooding, the fifth and last question asked the respondents to
estimate the amount of flood damage individuals expect to
suffer once a flood occurs. This provides insight into the
perceived consequences of a flooding event. We did not
provide a scale as a visual aid for the question on expected
flood damage as we did for the question on the expected
return period of flooding. The reason is that the pretests
indicated that respondents found it less difficult to assess the
expected damage of a flood (on a monetary scale) than the
expected return period of a flood, which is an indicator of
the flood probability. This is not surprising because, in
general, individuals have difficulties with assessing proba-
bilities [Viscusi, 1998]. Nevertheless, we note that the open-
ended format of this question may result in a large variation
of answers to the expected flood damage question.
[27] Figure 2 shows the flood damage expected by

individuals. It is remarkable that many individuals expected
to suffer very little damage, in particular 12% did not expect
to suffer any flood damage and 15% expected to suffer
damage between A1 and A100. A large proportion (38%)
expected to suffer flood damage between A10,000 and
A100,000, which is indeed a realistic range of potential
flood damage for most people. The mean expected damage
is about A70,000 and the median estimated damage is
A15,000, indicating that the distribution is positively
skewed. A few large damage estimates of between 1 and

1.5 million euros cause this skewness. This skewness is not
unrealistic as, in practice, a small proportion of homeowners
whose properties have a high value will suffer very large
flood damage, causing a right tail in the loss distribution. It
is surprising that the expected mean flood damage is equal
to the expected mean damage, as has been estimated by
flood models for the sample area of this survey [see Botzen
et al., 2008]. This average estimated flood damage to homes
and their contents would cost approximately A70,000 in
2008 price levels.

6. Results of Statistical Analyses of Factors
Determining Risk Perception

6.1. Statistical Methods

[28] The role of geographical and socioeconomic charac-
teristics in shaping risk perceptions are examined next using
statistical models that estimate the independent effect of
several explanatory variables on perceived risk. Different
regression methods are required, depending on the type of
dependent variable. Table 4 shows a description of the
dependent variables and their descriptive statistics. The
respondents’ perceived flood probability and rating of flood
risk compared with those of an average resident are ordered
categorical variables, and, therefore, the preferred mode of
analysis is an ordered probit model. The variable represent-
ing perceptions that the flood return period exceeds the
safety norm is a binary variable and hence a binary probit
model is employed. An OLS regression estimates the model
for expected flood damage. Standard errors are corrected for
potential heteroskedasticity using the White-Huber estima-
tor [Huber, 1967; White, 1982].

Figure 2. Respondents’ perceived flood damage.

Figure 1. Respondents’ perceived return period of flooding (in years). Please note that we used 1250 in
defining the categories 101–1250 and 1251–10000 rather than 1000 as would be usual, because the legal
norm of flooding is 1 in 1250 and has been provided as an anchor.
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[29] The OLS and binary probit regression methods are
commonly applied, and no further explanation is needed
here. The ordered probit model may be less familiar and is,
therefore, briefly explained. An ordered probit model of the
dependent variable y that takes on the ordered values {0, 1,
. . ., J} for some known integer J can be derived from a
latent variable y* that is determined by

y* ¼ xb þ e and ejx � N 0; 1ð Þ; ð1Þ

where b is a parameter vector of k number of explanatory
variables, x excluding a constant; and N represents the
normal distribution. Observation of a specific value of y is
dependent on whether y* falls in between certain intervals
of unknown threshold parameters a1 < a2 < . . . < aJ

according to

y ¼ 0 if y* � a1

y ¼ 1 if a1 < y* � a2

..

.

y ¼ J if y* > aJ

The maximum likelihood estimation of the log likelihood
function for individual i gives the parameters of interest

‘i a; bð Þ ¼1 yi ¼ 0½ � log F a1 � xibð Þ½ � þ 1 yi ¼ 1½ � log½F a2 � xibð Þ
� F a1 � xibð Þ� þ . . .þ 1 yi ¼ J½ � log 1� F aJ � xibð Þ½ �:

ð2Þ

6.2. Explanatory Variables Used in the Statistical
Analysis of the Factors That Shape Risk Perception

[30] The explanatory variables used in the analysis
include: respondents’ geographical characteristics; their
experience with, as well as knowledge about, flooding;
and their socioeconomic characteristics. Each variable will
now be explained in more detail.
[31] Three variables reflect objective indicators of the

flood exposure faced by the respondent based on geograph-
ical characteristics. Geographical Information Systems
(GIS) maps, such as a digital elevation map, have been
linked to the respondents’ zip codes to obtain these data.
These geographical variables indicate: the difference be-
tween the elevation of the zip code area of the respondent
and the expected water level of a flood; the distance of the
house to a main river; and whether the respondent lives in a
flood-prone area that is not protected by dikes. The potential
flood damage within an area protected by dikes (dike ring)
is largely dependent on the maximum flood depth and the
duration of a flood. The r between flood depth and

flood damage is usually described with what are called
‘‘stage damage functions’’ [e.g., Aerts et al., 2008]. These
functions are based on historical loss data and show the
maximum damage according to a particular flood depth.
The explanatory variable of the relative elevation of a
location compared with the potential water level in a dike
ring can be used as a proxy for the potential water level
during a flood near an individual’s house. This variable was
constructed in three steps. First, the mean elevation of the
ground level of a zip code area was computed (using the
‘‘AHN elevation map’’). The zip codes consist of letters and
numbers for most respondents and indicate with high
precision the location of streets or parts of streets. There-
fore, they can be used as a proxy for the location of
individual houses. Second, the elevation of the flood pro-
tection infrastructure, such as a dike, nearest to the respond-
ent’s zip code area is computed (using the ‘‘RWS
dijkkruinhoogtesbestand’’). Third, the elevation of the flood
protection infrastructure is subtracted from the elevation of
the respondent’s zip code area. Note in this context that we
assume that the dike system is overtopped with water in
case of a 1/1,250 flood (or even lower probability floods),
and that water levels in the flooded area are as high as the
maximum dike height.
[32] Flood velocity also plays a role in the damage that

materializes because of flooding, but only within the vicin-
ity of a dike breach where flow velocities can be high. This
has been derived from historical loss data from a large flood
that occurred in the southwest of the Netherlands in 1953
[e.g., Keijzer, 2008]. The variable distance of the individ-
ual’s house to a main river is another indicator of potential
flood damage in addition to the elevation of the house. It
has been created by computing the exact distance of the
precise coordinates of the middle of the respondent’s zip
code area to the closest main riverbed in meters using a
Euclidian distance measure. The locations of the main rivers
are obtained using the GIS map of main surface waters
provided by the Dutch government department Rijkswater-
staat. This variable may also reflect a higher probability of
flooding. Houses near a river are more likely to suffer flood
damage than houses far away from a river once a dike
breaches or is overtopped by high water levels. This is the
case because water may not reach areas located far away
from dike breaches because of the presence of natural or
man-made obstacles, such as elevated railroads or small
hills created in historical ice ages that prevent the complete
flooding of a dike ring area.
[33] Some houses in floodplains are located outside the

protection of the Dutch dike ring system. These houses are
very vulnerable to flooding and may already flood with
peak river discharges with a recurrence interval of once in

Table 4. Mean, Standard Deviation, and Description of the Dependent Variables

Dependent Variables Mean
Standard
Deviation Description of the Variable

Probability of flooding 2.85 1.13 Categorical (1 is no risk, 2 is very low risk, 3 is low risk,
4 is neutral risk, 5 is high risk, and 6 is very high risk)

Flood risk compared with average resident 1.71 0.76 Categorical (1 is below average, 2 is equal to average, and 3 is above average)
Return period exceeds safety norm 0.34 0.47 Binary (1 is a return period greater than the legal norm and 0 is a return

period less than or equal to the legal norm)
Expected flood damage 70,382 185,400 Continuous (damage in A)
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100 or 200 years or even lower. The frequency of flooding
in unprotected areas is considerably higher than the fre-
quency in protected areas where dikes are generally
designed to prevent overtopping of peak discharges with a
recurrence interval of once in 1,250 years. Therefore, the
explanatory variable that represents individuals living in
unprotected flood-prone areas identifies respondents with a
higher flood frequency compared with the remainder of our
sample. Finally, a geographical variable has been con-
structed that represents respondents in rural areas. Inhab-
itants of rural areas with lower population densities and less
concentration of economic activities may be expected to
have different attitudes toward flood risk.
[34] The questionnaire included three questions on flood

experience. It was asked whether individuals had ever
experienced a flood in their residential area. If the individual
had experienced a flood, then it was inquired whether any
damage was suffered. Finally, it was asked whether the
individual had ever been evacuated because of flood threat.
The most recent flood events in the Dutch floodplain
occurred in the years 1993 and 1995. In 1995, nearly
250,000 inhabitants were evacuated. Most unprotected areas
were flooded, and considerable damage occurred, including
in the upstream countries of the rivers Meuse and Rhine.
However, almost none of the respondents (0.4%) had
actually suffered damage because of a flood, so that this
variable cannot be used in the statistical analysis. Therefore,
we decided to include a variable representing respondents
who indicated that they both had experienced a flood in
their residential area and were evacuated because of a flood
threat. The concrete experience with flooding is likely to
affect risk perceptions, as a number of studies indicate
(discussed earlier in section 3).
[35] A variable was created to represent individuals who

cannot state the causes of flooding events. It is relevant to
examine how this lack of knowledge about floods deter-
mines risk perceptions. For example, if less knowledgeable

individuals have lower perceptions of flood risk, then a
campaign providing information about floods may be useful
to increase awareness. Individual risk perceptions may be
related to the degree of financial risk aversion of the
individual. Here, a risk-seeking index is derived from the
following question: ‘‘Some people avoid financial risks as
much as possible. They are also well insured. How similar
are these people to you?’’ The answer options were: ‘‘1
extremely similar to me,’’ ‘‘2 very similar to me,’’ ‘‘3
similar to me,’’ ‘‘4 a little bit like me,’’ ‘‘5 not similar to
me,’’ and ‘‘6 not similar to me at all.’’ Thus, a higher
category indicates a higher degree of risk seeking attitudes.
It may be expected that individuals who are generally risk
seeking have a lower perception of risk [Sitkin and Pablo,
1992].
[36] Several studies indicate that perceptions of risk vary

between different groups of people [Hakes and Viscusi,
1997; Leiter, working manuscript, 2009]. The socioeco-
nomic variables included in this study are: the age of the
respondent; gender; education level; total value of property;
and income. A positive relation between age and risk
perception has been found in some studies, while a negative
relation has been observed in other research [Peacock et al.,
2005]. Gender is often found to be an important determinant
of risk perceptions [Gustafson, 1998]. Women perceive risk
differently than men and are often more likely to view
disaster events and natural hazards as risky [Turner et al.,
1986; Fothergill, 1996]. In addition, individuals with a high
income and education level generally have a lower percep-
tion of risk [Slovic, 1997, 2000]. The education level in this
study is a categorical variable which indicates the highest
level of education obtained by the respondent. The total
value of property is the sum of the current value of the
house and the home contents, which we asked respondents
in the survey. The expected flood damage is likely to be
related to the total value of property because it is an
indicator of the financial value exposed to flooding.

Table 5. Mean, Standard Deviation, and Description of the Explanatory Variables

Explanatory Variables Mean
Standard
Deviation Description

Distance to main river 9.40 11.77 Continuous variable (distance to main river in km)
Elevation relative to water level �1.48 6.15 Continuous variable (elevation of area relative to water level in m)
Rural area 0.05 0.22 Dummy variable (1 indicates that the area is a rural area)
No dike protection 0.11 0.32 Dummy variable (1 indicates that the area is not protected by dikes)
Experience of flood and evacuation 0.03 0.16 Dummy variable (1 indicates that the respondent has experienced a flood and evacuation)
No knowledge of the causes of flooding 0.19 0.39 Dummy variable (1 indicates that the respondent cannot state the causes of flooding)
Risk-seeking index 3.24 1.16 Categorical variable (range 1–6, where 1 is very risk averse and 6 is very risk seeking)
Age 45.57 11.98 Continuous variable (age of respondent in years)
Female 0.42 0.49 Dummy variable (1 indicates that the respondent is female)
Education 5.40 1.38 Categorical variable (range 1–7, where 1 indicates an elementary education

and 7 indicates an university degree)
Value of propertya 411.70 169.78 Continuous variable (total value of house and home contents in 1000)
Incomeb 2.86 1.02 Continuous variable (total after-tax household income in 1000)

aFor housing value the respondent could mark one of the following categories: <A100,000;A100,000–A150,000;A150,000–A200,000;A200,000–
A250,000;A250,000–A300,000;A300,000–A350,000;A350,000–A400,000A400,000–A500,000;A500,000–A600,000; or >A600,000. For home
contents values the respondent could mark one of the following categories: <A25,000; A25,000–A50,000; A50,000–A75,000; A75,000–A100,000;
A100,000–A125,000;A125,000–A150,000;A150,000–A175,000;A175,000–A200,000;A200,000–A300,000; or >A300,000. Continuous values of
housing and home contents variables were constructed by setting the housing and home contents value of each respondent to the midpoint of the interval
(A650,000 and A350,000 were used for the highest housing and home contents value categories, respectively).

bFor income the respondent could mark one of the following categories: <A750; A751–A1000; A1001–A1250;A1251– A1500;A1501– A2000;
A2001–A2500; A2501–A3000; A3001–A3500; A3501–A4000; or >A4000. A continuous income variable was constructed by setting the income of
each respondent to the midpoint of the interval (A4500 was used for the highest category).
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[37] The descriptive statistics of the explanatory variables
are shown in Table 5. Different methods of coding categor-
ical variables have been applied, depending on the type of
variable. Categorical variables with two outcomes (binary)
are coded as dummy variables and can be included as such
in the regressions without any further transformation. Con-
tinuous variables are created from the categorical variables
income and the value of property, which represent monetary
classes [e.g., Blumenschein et al., 2008]. Ordinal qualitative
variables can be transformed into values on the real axis
using an approach proposed by Terza [1987], as explained,
for example, by van Praag et al. [2003] and Botzen et al.
[2009a]. The variables representing the risk-seeking index
and the education level are transformed according to this
method. We prefer this method rather than constructing J� 1
dummy variables since the transformation of Terza [1987]
can result in gains in efficiency and bias.

6.3. Estimation Results

[38] Table 6 reports the results of the ordered probit
models of the perceived flood probability and perceived
flood risk compared with an average resident; the probit
model of whether the expected flood return period exceeds
the legal safety norm; and the OLS regression of the
expected flood damage. Coefficient values are shown for
all models and heteroskedasticity-robust standard errors are
provided in brackets below the coefficients. It should be
noted that coefficients do not equal marginal effects (of x
on y) in ordered and binary probit models. The estimates
indicate whether the explanatory variables relate positively
or negatively to the perceived risk, while the size of the
coefficient is not directly informative. Asterisks indicate the

significance level, and one, two, and three asterisks repre-
sent significance at the 10%, 5%, and 1% level, respectively.
The auxiliary parameters (aJ) of the ordered probit
models are statistically significant and of reasonable mag-
nitude and sign. Commonly used goodness of fit measures
of OLS regressions, such as the R2 statistic, are not defined
for nonlinear (probit) models. Sometimes pseudo-R2 statis-
tics are reported that are derived from the improvement in
the log likelihood by the variables added to the model.
However, the interpretation of such statistics is not imme-
diately clear [e.g., Train, 2003], which makes some authors
sceptical about reporting them [see Hoetker, 2007]. The
reason is that the underlying latent variable y* is not
observed so that it is impossible to calculate the percentage
of its variance that a model explains. The R2 of model 4 is
0.07 and the pseudo-R2 statistics of our models are in
between 0.05 and 0.1, which may be approximated by R2

statistics between 0.1 and 0.2, according to Hensher et al.
[2005]. Often R2 statistics of models of risk perceptions are
low [e.g., Peacock et al. 2005], which indicates that it is
difficult to model differences in perceived risk across
individuals. The likelihood Chi square statistic of the probit
models and the F statistic of the OLS regression indicate
overall model significance at the 1% level. The results of the
four models will be discussed in detail below.
6.3.1. Model 1 of the Perceived Flood Probability
[39] The results of the ordered probit model of the

perceived flood probability indicate the importance of the
proxies of actual flood exposure in shaping perceptions.
The distance the individual lives from a main river is
negatively related to the expected flood probability, i.e., the
further the individual is situated from a river, the lower is the
perceived flood probability. This indicates that perceived risk

Table 6. Parameters of Factors Shaping Risk Perception Estimated by Four Statistical Models With Varying Indicators of Flood Risk

Beliefsa

Dependent Variable

Model 1
(Probability
of Flooding)

Model 2
(Flood Risk Compared

With Average)

Model 3
(Return Period

Exceeds Safety Norm)

Model 4
(Expected Flood

Damage)

Type of model Ordered probit Ordered probit Binary probit OLS regression
Geographical characteristics

Distance to main river �0.0203***[0.0031] �0.0226*** [0.0042] 0.0141*** [0.0037] �1117.95*** [382.67]
Elevation relative to water level �0.0407*** [0.0064] �0.0434*** [0.0070] 0.0305*** [0.0072] �1584.10** [653.75]
Rural area �0.589 [0.1835] 0.4008** [0.1890] �0.3378* [0.1993] 60,055.67 [42,092.12]
No dike protection �0.3705*** [0.1187] �0.3836*** [0.1317] 0.1710 [0.1353] �16445.44 [12094.05]

Experience and knowledge
Experience of flood and evacuation 0.9604*** [0.2262] 1.7704*** [0.2816] �0.3976 [0.2796] �41,718.79** [19,545.66]
No knowledge of the causes of flooding �0.1720** [0.0876] �0.2384*** [0.0974] 0.2136** [0.1112] �24,056.72* [14,132.16]

Socioeconomic characteristics
Risk-seeking index �0.0623* [0.0365] �0.0152 [0.0397] �0.0198 [0.0441] 3166.30 [8239.41]
Age �0.0057* [0.0032] �0.0019 [0.0036] �0.0059 [0.0039] �1055.27* [585.63]
Female 0.0233 [0.0731] �0.1098 [0.0807] �0.1298 [0.0901] �23,194.99** [11,317.38]
Education �0.0675* [0.0399] �0.0451 [0.0458] 0.1121** [0.0494] �21,604.95* [12,298.50]
Value of property 0.0004 [0.0002] 0.0004 [0.0003] �0.0005* [0.0003] 255.33*** [87.51]
Income 0.01935 [0.0412] 0.0315 [0.0469] �0.0306 [0.0494] �4278.70 [12,303.03]
Constant na na 0.0799 [0.2325] 47,758.16 [36,031.59]

Other
Log likelihood �1408 �937 �603 na
Likelihood Chi-square 131.47*** 137.52*** 55.72*** na
F statistic na na na 2.75***
Number of individuals 975 981 981 980

aHere *, **, and *** indicate significance at the 10%, 5%, and 1% level, respectively; na stands for not applicable. Hubert-White heteroskedasticity
robust standard errors are given in brackets. Estimations are performed with the statistical software package Stata.
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is correlated to the flood exposure of the respondent, which is
consistent with the findings of other studies that individuals
have a larger perception of the risk of a hazard, the closer
they live to the hazard. In addition, the perceived risk relates
to the elevation of the area relative to the potential water
level of a flood in the expected manner. Specifically, the
higher the elevation of the area relative to the potential
water level, the lower are individual risk perceptions. There
is no statistical difference in the perceived risk of individ-
uals who live in rural areas compared with individuals who
live in urban areas. Individuals living in floodplains that are
not protected by dikes have a lower perceived probability of
flooding than individuals who live in protected areas, which
is contrary to actual flood exposure. This finding suggests
that inhabitants of unprotected floodplains are insufficiently
informed about the risk they face. Baan and Klijn [2004]
argue that people living in unprotected floodplains in the
Netherlands may be less frightened of flooding than people
in areas protected by dikes, since people in floodplains are
more used to the dynamic of the river. Previous experience
with flooding and evacuation is related to a higher perceived
flood probability. This is consistent with studies which find
that personal experience with a hazard increases its per-
ceived probability. The significance of the experience var-
iable supports views prevalent in the psychological
literature that the affect heuristic plays a role in individual
risk assessment in addition to analytical reasoning. A lack of
knowledge about the causes of flooding results in a lower
perceived flood probability.
[40] The risk-seeking index relates negatively to the

perceived flood probability, meaning that risk-seeking indi-
viduals expect a lower probability of flooding. Older
individuals and individuals with a higher education level
have a lower perceived flood probability, which confirms
the general stance in risk perception research. Gender, the
value of property, and household income are not statistically
significant.
6.3.2. Model 2 of the Respondents’ Perceived Flood
Risk Compared With an Average Resident
[41] The geographical characteristics are the main deter-

minant in shaping the respondents’ perceived flood risk
compared with an average resident. All four geographical
indicators are statistically significant, while the socioeco-
nomic characteristics are insignificant. Individuals living far
away from a main river are less likely to rate their flood risk
as higher than average. Furthermore, the higher the eleva-
tion of the respondents’ dwelling relative to potential water
level, the lower they perceive their flood risk compared with
the national average. Contrary to actual flood exposure,
individuals who live in floodplains that are not protected by
dike infrastructure are more likely to underestimate their
risk, and hence indicate that their flood risk is lower than
average. The relations between these geographical variables
and perceived flood risk compared with an average resident
are similar to their relations with the perceived flood
probability (Model 1). A difference with the previous model
is that the variable representing the inhabitants of rural areas
is statistically significant. Inhabitants of rural areas are more
likely to indicate that their flood risk is higher than an
average resident, perhaps because they think that rural areas
with fewer inhabitants and a lower concentration of eco-
nomic activities are less well protected than urban areas.

Experience with flooding and evacuation increases the
likelihood that an individual expects to be at a higher than
average risk, while a lack of knowledge about the causes of
floods decreases the perceived riskiness. The effects of these
latter two variables in Model 2 are consistent with their
effects in Model 1.
6.3.3. Model 3 of Respondents’ Perceptions That
the Flood Return Period Exceeds the Legal Safety Norm
of Dike Design
[42] Estimates show that individuals who live far away

from a main river are more likely to expect a flood return
period larger than the legal norm. Such individuals have a
lower probability of suffering flood damage and are, there-
fore, more likely to state a flood return period that is higher
than the legal norm of dike designs. The positive and
significant coefficient of the elevation variable indicates
that individuals who live in a high area relative to the
potential water level are more likely to expect that mainte-
nance of dikes is adequate so that dike designs comply with
the safety norm. These results are consistent with those of
the first two models which show that individuals living far
from a main river and in relatively high areas generally have
a lower perception of flood risk. It makes sense that these
individuals who, in practice, will have a lower exposure to
flooding are more likely to predict a return period of
flooding higher than the legal safety norm. On the other
hand, inhabitants of rural areas are less likely to expect that
the flood return period exceeds the norm, which is consis-
tent with the findings of Model 2 that such individuals are
more likely to view their risk as higher than average. The
variable representing individuals in floodplains not pro-
tected by dikes is not statistically significant. In practice,
the safety norm of a 1/1,250 years flood event is not met in
those areas, but the results indicate that inhabitants do not
realize this.
[43] Experience with flooding and evacuation does not

affect expectations of whether the return period exceeds the
legal norm. An explanation of this may be that the near
flood events in 1993 and 1995 did not actually result in
breaches or overtopping of the primary dikes. The evacua-
tions in anticipation of the flood threat were unwarranted
from an after the fact perspective since major flooding did
not take place, and almost none of the respondents suffered
flood damage. Therefore, these flood experiences may have
little effect on expectations of whether dike maintenance is
sufficient to meet the dike safety norm, even though, they
generally increased risk perceptions as Models 1 and 2
indicate.
[44] Individuals who do not know the causes of flooding

are more likely to expect that the authorities are complying
with the safety norm. In general, less knowledgeable
individuals have a lower perception of flood risk, as the
results of Models 1 and 2 show. Respondents with a high
education level are more likely to expect that the flood
return period exceeds the safety norm. The estimate of the
coefficient of total value of property is significant and
negative in this model, which indicates that individuals
with a higher value of their house and contents are less
likely to indicate a return period larger than the legal norm.
Perhaps this is the case because such individuals are more
financially vulnerable in terms of potential damage due to
flooding.
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6.3.4. Model 4 of the Amount of Flood Damage That Is
Expected by Individuals
[45] In accordance with the previous three models, the

variables representing distance to a main river and elevation
of the area are statistically significant. Individuals who live
far from a main river or in areas that are relatively high
expect to suffer lower flood damage than individuals who
live close to a river or in relatively low areas. These
judgements are likely to hold in practice, since flood
damage is generally larger for houses close to rivers because
of high flow velocities of water. Also, low-lying areas suffer
more damage during floods than high areas because of
elevated water levels and a higher probability of a building
collapse. The expected flood damage is unrelated to living
in a rural area. In practice, it is also unlikely that flood
damage per house is significantly higher in rural areas than
urban areas. The damage per square km in urban areas is
obviously higher than in rural areas with a higher density of
houses, but that does not imply that the damage per house
differs. Neither is expected flood damage significantly
different between inhabitants of areas that are protected
and those who live in floodplains that are not protected by
dikes. This is consistent with reality since it is unlikely that
a flood event would inflict more damage in unprotected
areas than in areas protected by dikes. It may be the case
that damage to houses in an unprotected area is larger if the
area lies closer to the river. However, the effect of proximity
to the river on expected damage is included as a separate
variable in Model 4. Its coefficient already captures the
higher risk perception of individuals who live close to the
river. Obviously, the frequency of flooding will be higher in
unprotected floodplains, but this does not necessarily imply
that the damage per house for a specific flood event will be
higher as well.
[46] Individuals who have experienced a flood and evac-

uation expect to suffer lower flood damage than individuals
who did not have such an experience. The results of the first
two models indicate that individuals who have experienced
a flood and evacuation have a larger perceived flood
probability. These findings appear contradictory, but may
be explained by the observation that practically none of the
respondents who have experienced a flood or have been
evacuated have actually suffered any damage. Although
these individuals have a larger perception of the probability
of flooding, their experience of not having suffered damage
during the 1993–1995 flood threat seems to have lowered
their expected amount of flood damage. Expected flood
damage is lower for individuals who do not know the causes
of flooding. Older individuals and individuals with a higher
education level also expect to suffer less flood damage.
Surprisingly, females expect to suffer about A23,000 less
damage than males. Households with higher property values
expect to suffer more flood damage: expected flood damage
is about A250 higher per A1000 value of their home and
its contents.

7. Conclusions and Policy Implications

[47] This study has examined individual perceptions of
flood risks in floodplains of the Netherlands, where flood-
ing can have catastrophic consequences. A survey was
conducted among approximately 1000 homeowners to elicit
their expectations on diffe spects of the risk posed by

flooding. A range of statistical models estimated the factors
shaping flood risk perceptions, such as: relations with
indicators of actual risk exposure using geographical char-
acteristics; experience with, and knowledge about, the risk;
and socioeconomic characteristics. The study provides
insights into individual perceptions of flood risk that are
potentially useful to policy makers and water managers.
Risk perceptions are an important factor which causes
individuals to take precautionary measures and give support
to policies that aim to limit flood risk. In addition, infor-
mation about risk perceptions is useful for insurance com-
panies, since individual beliefs concerning flood risk affect
household demand for flood insurance. Moreover, the
results are relevant for low probability, high impact risk
assessments in general.
[48] An examination of the various indicators of per-

ceived risk shows that individuals generally expect that
the probability of flooding is low. The flood probability is
underestimated relative to other risks and most people rate
the flood probability as very low or low when it is elicited
independently of other hazards. Moreover, many individu-
als underestimate their flood risk when it is compared with
the national average. Most individuals expect a lower flood
return period than the safety norm, which suggests that they
expect that dike maintenance is inadequate to comply with
the safety norm of dike design. Nevertheless, on average,
individuals do provide realistic estimates of the damage
they expect to suffer because of a flood, since the average
damage expected by respondents is similar to estimates of
expert models.
[49] These findings have important implications for pol-

icy makers. Currently, considerable investments have been
made and are planned in the future to limit the projected rise
in flood risk due to climate change. The low perception of
flood risk may undermine the public’s perceived legitimacy
of these flood risk reduction policies. Recent research
advocates that Dutch households should be stimulated to
invest in measures that limit flood damage, such as the
‘‘flood proofing’’ of buildings. An enhanced awareness of
flood risk may be needed to promote the implementation of
such damage mitigation investments. In light of the evi-
dence presented here, the government could consider
undertaking a communication campaign to increase aware-
ness of flood risks.
[50] Even though perceptions of flood risk are low in

general, it is important to note that variation exists among
individuals’ risk beliefs. Evidently, insights into what type
of individuals have high or low risk perceptions is very
relevant for the adequate targeting of information cam-
paigns and insurance products that provide coverage against
flood damage. The statistical models concerning the shaping
of risk perceptions provide five main insights. First, differ-
ences in expected risk are consistently related to actual
flood risk exposure since individuals in the vicinity of a
main river in low-lying areas generally have higher risk
perceptions. There is some evidence that the inhabitants of
rural areas are more aware of their risk of flooding than
inhabitants of cities. Second, individuals in flood-prone
areas that are unprotected by dikes tend to underestimate
their risk of flooding. Third, we find evidence in support of
psychological studies that indicate the importance of the
affect heuristic which depends on previous experiences with
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hazards in the formation of perceived risk. It should be
noted, however, that flood experience has different effects
on distinct aspects of risk beliefs. Individuals who have
experienced flooding and evacuation, but hardly suffered
any flood damage, have an elevated perception of the flood
probability but expect lower flood damage. Fourth, individ-
uals with little knowledge of the causes of flooding have
lower perceptions of flood risk. This suggests that providing
information to households about flooding may increase
flood risk perceptions. Fifth, some support is found for
the role of socioeconomic variables in shaping perceived
risk that has also been observed in other studies. The
education level relates negatively to perceived risk in three
out of our four models, and age relates negatively to
perceived risk in two of these models, which are the
expected effects according to other studies. The risk-seeking
index is only significant in the model of the flood proba-
bility, and more risk-seeking individuals have a lower risk
perception. Other studies usually find that women have a
larger perceived probability of hazards, which is not observed
in our results. The results of Model 4 even indicate that
women expect to suffer less flood damage than men. The
value of property relates negatively to perceptions about
the return period exceeding the legal norm, while it affects
the perceived flood damage positively, which is intuitively
clear. For policy makers these results imply that it is
especially important to improve knowledge of the flood
risk of individuals who live in flood-prone areas unpro-
tected by dike infrastructure since these individuals tend to
be unaware or ignore the high risk they face.
[51] We note that, although the focus of this study is on

the Netherlands, the survey method used and some of the
results obtained could also be applicable to other countries.
Moreover, the range of statistical models employed can
provide examples of how different type of risk perception
variables should be treated if their determinants are to be
analyzed. The statistical methods presented provide an
alternative to the simple correlation analyses often used in
risk perception research and result in more accurate esti-
mates of the independent effects of explanatory variables on
perception. The survey elicited various indicators of per-
ceived risk, which could also be useful to examine vulner-
ability to flooding in other regions. In particular, our study
shows that perceptions and determinants of the two distinct
components of flood risk (damage and probability) differ,
while this is neglected by several studies that only examine
perceptions of probabilities. Our results show the impor-
tance of indicators of ob ective risk exposure based on

geographical characteristics in determining risk perceptions.
It would be useful to analyze whether similar relations are
also obtained in the entire river basins. Evidently, knowl-
edge about levels of risk perceptions and relations with
objective risk may also provide practical information to
improve flood risk communication policies in other regions.
The results of our survey may be applicable to risk
perceptions of households living near the Meuse and Rhine
rivers in upstream countries, such as Germany and France,
but future research is needed to confirm this.
[52] Further research is needed to explore the relationship

between perceived flood risk and actual risk by comparing
large samples of individuals living in areas with varying
degrees of protection in the Netherlands. Hedonic price
modeling that assesses the relationship between housing
values and the spatial characteristics of flood risks could
complement this research. Moreover, it would be interesting
to analyze the influence on risk perceptions of the different
responsibilities concerning compensation for flood damage
between private insurance and the public sector. This may
be assessed by implementing comparable studies across a
range of countries with distinct compensation schemes. The
effectiveness of information campaigns on increasing the
awareness of flood risks is another important topic for future
research.

Appendix A: Questions Used
to Elicit Risk Perception

[53] This appendix presents the questions that were used
to elicit risk perception in the survey. Table A1 shows the
scale of question 1 and Figure A1 shows the scale of
question 3.
[54] 1. How high do you estimate the probability that

your household will suffer financial damage to property due
to the events mentioned below? Rate each possible event on
a scale from 0 to 10, where 0 is no probability and 10 is an
extremely high probability.
[55] 2. How high or low do you estimate the probability

that you will experience a flood in your home?
I do not have any flood risks.
Very low.
Low.
Not low/not high.
High.
Very high.
Do not know.
[56] 3. How would you rate your flood risk compared

with an average person in the Netherlands?
I have an average flood risk.
I have a higher than average flood risk.
I have a lower than average flood risk.

Figure A1. Scale of question 3 from Appendix A.

Table A1. Scale of Question 1 From Appendix A

Event

No
Probability Neutral

Very High
Probability

0 1 2 3 4 5 6 7 8 9 10

a. Terrorist attack o o o o o o o o o o o
b. Burglary o o o o o o o o o o o
c. House fire o o o o o o o o o o o
d. Car theft o o o o o o o o o o o
e. Car fire o o o o o o o o o o o
f. Flood/water inside house o o o o o o o o o o o
g. Traffic accident o o o o o o o o o o o
h. Storm o o o o o o o o o o o
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[57] The government is responsible for the maintenance
of dikes. A dike in your region should be high enough so
that a flood does not occur on average more often than once
every 1250 years. The scale below depicts different flood
probabilities decreasing from once per year to once in
100,000 years. The legal norm is shown on the top of the
scale.
[58] 4. Can you indicate how often you would expect a

flood to occur at your home? You can fill in one of the
probabilities shown on the scale above or fill in another
probability below.
I expect that a flood can occur once in __ years.
[59] 5. How much damage do you expect that a flood

would cause to your house and home contents?
__ euro.
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