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ABSTRACT
A society well-aware of risks must not only give attention to the prevention of flood risks but must also consider disaster management, i.e. minimising
casualties and flood damages, and enhancing recovery. The Netherlands has a solid network of levees along the rivers that protect the many low-lying
polders from flooding. But nature is unpredictable, extreme events may happen, and absolute protection against flooding cannot be offered.

It is common practice to perform technical and economic analyses to determine the feasibility of flood protection plans.And usually also institutional
and administrative aspects are addressed. But how the people that live in the polders feel about flood risk and protection plans seldom gets due attention.
This paper primarily looks into the attitude of the people. How do people live with (flood) risks and how do they feel about that? What can be learned
from that for communication on flood risks and flood risk management? Finally, we give some recommendations about what elements to consider
when developing a flood risk management strategy.
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Introduction

The level of flood protection along rivers in the Netherlands is
among the highest in the world. According to the Dutch Law on
flood protection, dikes along the main rivers must all be built for
a 1/1250 year design flood. This uniform high level of protection
has been realised in the last decades by reinforcing the hundreds
of kilometres of levees along the rivers. This way of protecting
polders from flooding seems to have been effective: the last river
flood causing dike breach and flooding several polders occurred in
1926 as a result of the highest Rhine discharge ever recorded with
about 12.600 m3/s. In 1993 and 1995 again huge floods occurred,
although the discharge remained well below that of 1926. Still,
in 1995 the polders along the Rhine River experienced a narrow
escape from being flooded. Since then, the gradually neglected
levees have been heightened and strengthened at full speed (Silva
et al., 2004).

The 1993 and 1995 floods raised flood risk awareness again.
At the same time, the debate about the – primarily technical –
flood protection philosophy in the Netherlands was resumed (cf.
Vis et al., 2003; Klijn et al., 2004). Of course, the Dutch can
cope with the increasing frequencies and levels of floods due
to climate change by heightening and strengthening the levees.
But with flood levels in the rivers going up and the population
and economy in the low-lying polders growing at a steady pace,
a dike breach may turn into a disaster. A change in protection
philosophy can already be observed as, firstly, the government
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adopted aroom-for-the-river policy aimed at lowering flood lev-
els by giving more room to the rivers instead of heightening dikes
and let the flood levels go up, and as, secondly, the government
now seriously considers the purposeful inundation of so-called
‘calamity polders’ in order to protect downstream polders from
accidental flooding.

The 1993 and 1995 floods made many people feel uneasy, but
the present planning of room-for-the-river measures and calamity
polders provokes real commotion among the people involved.
People living in the would-be calamity polders, for example,
are very worried about the plans and protest. And although it is
common practice to perform technical and economic analyses
to determine the feasibility of measures, and whilst also insti-
tutional and administrative aspects are often taken into account,
the question of how the people involved feel about the plans
gets only little attention. Therefore, this paper discusses some
psychological aspects which are relevant for practical flood risk
management and risk communication. It addresses questions
such as how people – especially in the Netherlands – feel about
living along rivers, whether they are concerned about flood risk
at all, and how do they expect a flood will affect their lives. We
address these issues, as flood risk management for a modern soci-
ety requires that social and psychological issues are seriously
taken into account in decision making. Based on the discus-
sion, elements are identified that should be considered in the
further development of a flood risk management strategy for the
Netherlands.
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Intentionally, we focus on the present situation in the
Netherlands and put the findings in context by referring to rel-
atively recent literature only. We do, however, recognize that
research on risk perception and assessment already started about
40 years ago (e.g. Starr, 1969) and that since then many pub-
lications have appeared from various scientific points of view:
psychological and sociological (e.g. Drabek, 1986; Quarantelli,
1989), anthropological and cultural (e.g. Dynes, 1998), politi-
cal and juridical (e.g. Rehman-Sutter, 1998), and of course also
technical. But it is not our intention to give a historic overview
of this research.

Living with flood risks: casuistry

Living with dormant flood risk

Presently, people living in polders along rivers in the Netherlands
do worry little about the risk of flooding. Environmental psychol-
ogists explain this by what they call ‘the crisis effect’ and ‘the
levee effect’.

The crises effect indicates that disaster awareness peaks dur-
ing and immediately after its occurrence, but rapidly dissipates
between disasters (Stefanovic, 2003). People are short of mem-
ory. Immediately after a (near) flood people overestimate flood
risk.After some time worries decrease, and after some years flood
risk is again grossly underestimated (Penning-Rowsell, 2003).

The levee effect refers to the fact that once protection measures
have been taken, people place unrestrained and often inappropri-
ate faith in the power of the protection works. People seem to
be lulled into thinking the levee will protect them against all
future floods (Stefanovic, 2003) and live light-heartedly behind
the levees.

Because of these two effects, people living in the polders along
Rhine and Meuse in the Netherlands do not feel the need to antic-
ipate a possible flood and are ill-prepared. Moreover, despite of –
or should we say: because of – the fact that these people have no
experience with flooding, they very much fear the consequences
of a possible flood. People living in the floodplains are, in con-
trast, more familiar with flooding, better prepared, and feel much
less threatened (Baan and Klijn, 2003).

Living with immediate flood threat

During a peak discharge, the high dikes along the rivers cause the
water level to rise several meters above the level of the polders
and – in 1995 – to less than 0.5 m below the top of the dike. For
many people living in these polders, these high water levels and
the extent of the river in flood form a frightening sight (Photo 1).
The few hundred people living in the floodplains are used to
the dynamics of the river and feel less frightened than the many
hundreds of thousands of people living in the polders. In the
polders, people know very little of the behaviour of the water,
the probability and development of a breach, the speed of the
inundation process and the possible and final flooding depths. In
1995 it appeared that the local administrators knew little of these

Photo 1 Flood levels meters above land levels are frightening to many.
Directorate-General for Public Works and Water Management, the
Netherlands.

facts either, and had cities evacuated which would have suffered
only 30 cm of water depth at the maximum.

People often find evacuation more troublesome and threaten-
ing than the high water levels in the river (DeVliegeret al., 1998).
People new to the area are less familiar with high water levels
and often feel more stressed than autochthons during a flood. The
autochthons have knowledge of the river’s behaviour and have
developed skills to cope with the situation of high water levels,
in other words; they are not only technically better prepared,
but also psychologically better prepared. Experiences with high
river water levels and evacuation turn flood risks into something
imaginable and less threatening (Slootweg and Van Schooten,
2002).

Some groups of people depend on the care of others, and as a
result are more vulnerable: elderly people, ill and disabled people,
and people who live in isolated places. These vulnerable groups
often find flood risks more threatening. And in case of preventive
evacuation these people need special attention (Slootweg and
Van Schooten, 2002).

Feelings of inconvenience and stress may already start when
extreme levels are forecast and the water level in the river starts
to rise. When evacuation is needed the feelings of stress aggra-
vate. A long prolongation of the evacuation further increases the
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feelings of stress. The attitude of people to the stress and the
feelings of inconvenience caused by the high water levels differ
strongly between individuals. Some people remain easy-going
while others feel very threatened indeed (Baan and Rabou, 2002).

Not all feelings are negative. People in a flood-threatened
polder experience togetherness and solidarity, which they qualify
as being positive feelings. The social coherence and the relation-
ships between inhabitants improve during an immediate flood
threat. Some people even consider a flood as exciting and like
its mild danger (Baan and Rabou, 2002). Gratitude for mutual
help is also mentioned as being a positive effect of a flood with
a narrow escape from an actual dike breach-like the 1995 flood
(Slootweg and Van Schooten, 2002).

People, who are well-prepared and who know how to act ade-
quately during and after a flood, feel less threatened and can be
considered less vulnerable from a psychological point of view.
In the eyes of such people the situation remains manageable
to some degree, also yielding the communities they are part of
less vulnerable from a socio-economic point of view (Baan and
Klijn, 2003). Proof that experience with flooding and resul-
tant improved preparedness do affect vulnerability comes from
Germany, for example, where it was found that the economic
losses during the 1995 flood were only half those from the 1993
flood, although the two events were of comparable size (Kron and
Thumerer, 2002).

The threat of flooding decreases when it is certain that flood
damage will be compensated for. It turns out that people who
are well-insured cope better with the threat of losses. People
who have to ask the government for financial assistance after a
disaster feel stressed, dependent and inferior (Valket al., 2003).
Moreover, in the Netherlands, the average citizen finds it unfair
to bear the consequences of events that are neither his or her fault
nor the result of his of her actions (RVZ, 2001).

Living with accidental (uncontrolled) floods

Natural river valleys have river banks gradually sloping upwards.
In case of flooding water depth remains restricted to often less
than 1 meter, whereas in low-lying polders behind levees water
depths may reach several meters causing serious danger of drown-
ing. Still, knowledge about how people in developed countries
experience a real flood can only be gathered from natural valleys,
as polders are being flooded too seldom. We refer to experiences
with Meuse River floods in the Netherlands and with the 1998
floods in the UK.

In 1993 and 1995 the river banks of the upstream part of the
Meuse River were flooded. But this upstream part is a natural
valley. De Vliegeret al. (1998) found that, as their life is not
endangered, people living on these banks generally don’t feel
unsafe. Before the 1993 flood most of the people were, in fact, not
consciously aware of any flood risk. After the flood the majority
of the people felt tensed and ill and one third of the people were
not able to go to work for some time. One quarter of the people
who felt ill needed more than five weeks to recover. However,
most of the people living along the Meuse were found to be
strongly attached to their resident area and would not consider

moving despite their experience with flooding (Slootweg andVan
Schooten, 2002). Low expectations of selling prices of houses
after the flood played a role too.

The health effects which can result from a flood are often
very marked ranging from premature death to general feelings
of ill-health (Tapsellet al., 1999). Hazards such as floods can be
regarded as potentially multi-strike stressors. Apart from the dis-
ruption to households by the flood event itself, the effort needed
to recover after the flood can also affect people’s health. In the
1998 floods in the UK, the main impacts of recovery disruption
were found to result from: having to leave home; lack of practical
and emotional support; lack of advice on what to do; problems
in dealing with insurers and builders; stress from living in damp
and damaged properties; and increased financial worries (Tapsell
et al., 1999).

The loss of memorabilia and sentimental possessions often
causes acute distress to many flood victims. This loss may under-
mine people’s sense of self identity and place identity. People
develop a sense of self, based on where they live. The home is
often conceived as an emotional sanctuary and haven from the
outside world. This home, which may have taken years to cre-
ate in a personal style, must be redecorated and refurnished in
weeks or months and the choice of furniture and decoration is
then often based on a fear of future flooding rather than on pre-
ferred style. Some flood victims described a sense of violation
and invasion in the home, which was no longer a secure place
to live (Tapsellet al., 1999). Women appeared to suffer more
from the disruption to the home, as they have to deal with the
recovery from the flood most directly, in addition to bearing the
main responsibility for their family’s health care (Tapsellet al.,
1999).

After the repairs have been completed and the painful memo-
ries have been faded away, the tension relieves again, and people
can resume living their normal lives.

Some general risk concepts

Human activities, natural hazards, and combinations of both all
involve risks. Risk is an integral part of human life. We do not
and cannot live in a risk-free society; the taking of risks can even
be regarded to have been the engine of many economic and social
developments (Rees, 2002).

Still, especially in the developed countries technological
developments helped to lower the overall risk level in the last
century, as evidenced by a much longer life expectancy. Here
the remaining risks, however, get a lot of attention, partly
caused by the societal and normative changes related to modern
society.

Technical risk analysis versus a psychological perspective

In technocratic circles, risk is generally defined as the probability
that an unwanted event occurs times the consequences (casualties
and damage) of that event. This allows that risks be compared
to each other based on either the probability alone – in case of
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Technical rationale Cultural rationale

trust in scientific methods, evidence and 

explanations

trust in political culture and democratic process

appeal to authority and expertise appeal to folk wisdom, peer groups and 

cultural tradition

boundaries of analysis are narrow and 

reductionist

boundaries of analysis are broad and include 

use of analogy and historical precedent

risk is depersonalised focusing on measures 

of statistical variation and probability

risk is personalised with emphasis on impacts 

on the community, and family

concerns and issues that can’t be described 

or clearly expressed are irrelevant

unanticipated or unarticulated issues or 

concerns are relevant

Figure 1 Technical versus cultural rationality in viewing risks.Source: Barnes (2002).

equal consequences – or on the product of probability and effect.
Also, it allows that cost effectiveness analyses (how much risk
reduction can be realised with a certain budget) be performed,
which may reveal whether (tax) money is spent well or wrongly
(RIVM, 2003). Such risk trade-offs, however, do generally not
address the basic opportunity cost problem, which also involves
that you may consider spending the same amount of money on
other welfare issues. Then, the key question is where priorities
should lie; is it – from a social welfare point of view – better
to invest in reducing flood risk, or in improving public health,
water security, food security or in reducing risks of environmental
degradation? (Rees, 2002).

In contrast to technocrats, lay-people take many more aspects
into account when individually judging risks than the results of
cost effectiveness analyses alone. Qualitative aspects, like the
(perceived) degree of free choice, equity, degree of control of the
risk, but also gains that are expected, are often decisive for risk
acceptance (RIVM, 2003). And people also base their judgement
on preferences. When people like an activity, they underestimate
the risk and overestimate the possible gains, and the other way
around (Slovicet al., 2002).

So, obviously there are large differences between how the gov-
ernment and experts view risks and how the public at large views
risks. In evaluations, government and experts apply an analyti-
cal approach while the judgement of the public is rather based
on experiences and feeling. The analytical approach uses algo-
rithms, for example to calculate probabilities, and formal logics
to determine risks in relation to pre-set quantitative standards.
The public reacts more emotionally based on earlier experiences,
and judges on the basis of qualitative aspects and feelings (Slovic
et al., 2002; Flintermanet al., 2003; Slovic and Weber, 2002).
These ‘different rationalities’ are considered to be one of prime
reasons why the public and experts disagree on risk issues (cf.
Margolis, 1996). Although, of course, flood risk experts cannot
be considered to be entirely neutral, disinterested protectors of the
public good either, as their opinions are coloured by their strive to
maintain jobs, budgets or research grants, or the aggrandisement
of bureaucracies (cf. Rees, 2002).

Slovic et al. (2002) state that an analytical approach of risks
can only be effective, when it is guided by emotion and feelings:
‘the dance of affect and reason’. People base their judgement not
only on what they think about it, but also on what they feel. Thus,
feelings have a direct effect on the judgement of risks. According
to Slovicet al. (2002) scientific research on the mutual influence
of rationality and feelings is still in its infancy.

Figure 1 shows the main differences between how government
and experts view risk on the one hand (the technical rationale)
and how the public perceives risk on the other hand (the cultural
rationale).

Risk perception and acceptance: the psychological
perspective

The perception and acceptance of risks depends on the socio-
cultural context, the characteristics of a risk (e.g. man-made
or a natural hazard), the degree of freedom of exposure, the
degree of control of hazard and its consequences, and the ques-
tion how much personal advantage is at stake. Figure 2 presents
a schematic overview of the individual cognition of risks and the
resulting risk behaviour.

Many researchers have been involved in determining the
factors (‘dimensions’) of risk that can explain differences in
individual risk perception and acceptance. The number of
factors identified varies from a few important ones to long
lists. Sjöberg and Drottz-Sjöberg (1994) drafted a more or less
complete list of 27 factors, of which 10 are related to the char-
acter of the risk, 11 to the social context, and 6 to personality.
Personality is important to understand individual risk perception,
but is difficult to take into consideration in risk assessment and
preventive management; for instance, females judge risks usually
more severe than male (Weberet al., 2002). The understanding
of individual risk perception is far from complete. Currently, all
factors together explain less than 50% of the variance between
individual risk perceptions (Sjöberg, 2000).

Lyklema (2001) tried to identify the key factors for water
related risks in the Netherlands. The following factors were found
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Figure 2 Scheme of individual cognition of risks and resulting risk behaviour. Adapted after Flintermanet al. (2003).

to be most significant for the people’s judgement:

• the fairness of the division of risks and gains between parties
involved;

• the familiarity with the risk and the effects to people exposed;
• the reasons of the exposure to the risk;
• the seriousness of the effects;
• the degree of preparedness and the degree of control of

consequences.

Vlek (2001) emphasises the importance of this last factor when
stating that the perceived control is a key factor for understanding
the perception, attitude and behaviour of people in risk situations.

The role of the media

Media and social processes are known to influence the perception
and acceptance of risks. When the media are the only source of
information for the public, the effect on risk perception may be
decisive. Media can contribute to what is called ‘social amplifica-
tion of risk’ (e.g. Slovic and Weber, 2002). Social amplification
implies that the direct impacts of an event need not be large but
can still trigger major indirect impacts. A small incident in an
unfamiliar system (or one perceived as poorly understood) may
have immense social consequences if it is perceived as an omen
of future catastrophic mishaps. Media jump on such incidents
as such events are ‘hot news’. As a result efforts and expenses
might be warranted to reduce the possibility of ‘hot-news events’
far beyond what is justified by a cost-benefit analysis (Slovic and
Weber, 2002; RIVM, 2003).

Strong social networks influence individual perceptions.
Members of such networks who maintain close interpersonal con-
tacts are likely to share similar information, attitudes, beliefs, and

Table 1 Scores of five different risks on risk factors of Lyklema on a scale of 0 (unimportant) to 4 (very important or serious)

Risk factor Smoking Bee sting Nuclear power plant Road traffic Flood1

Probability of casualty 10−3 2 × 10−7 10−7 10−4 10−7

Fairness of division of losses and gains between parties 0 1 4 1 1 (4)
Familiarity with risk and effects 0 1 3 1 2
Reasons of exposure to risk 0 1 3 0 2
Seriousness of effects 1 1 4 2 3
Degree of preparedness and of control of consequences 2 1 3 1 2

Percentage of maximum score 15% 25% 85% 25% 50% (65%)

1When scores for inundation differ from those assigned to (uncontrolled) flooding the scores are presented between brackets.

behaviour on controversial topics. Analysis by Scherer and Cho
(2003) confirmed that social linkages in communities may play an
important role in focusing risk perceptions. Such a collective atti-
tude may result in the formation of a ‘socio-psychological shield’,
which prevents information to come through. In front of strong
social networks attempts of government and experts to change
attitudes, beliefs and behaviour may have little or no effect.

Back to flood risks

The issues discussed above also hold for flood risks, or contain
important lessons for flood risk management and communication
about it. Here we shall, firstly, investigate how flood risk relates
to other risks from the psychological point of view. Secondly,
we go into communication about flood risks. Next, we discuss
how purposeful inundation – as a measure to gain control over
floods – may be perceived by the public. And finally, we discuss
some dilemmas met in further developing a flood risk manage-
ment strategy for the Netherlands, including a differentiation of
protection levels and purposeful inundations.

Flood risks and some other risks compared

In Table 1 the authors judged the risk factors of Lyklema (2001)
for a variety of well-known risks. Though the scoring is subjective
and the uncertainty margins are relatively wide, rather certain
conclusions may be drawn.

The risk of a disaster with a nuclear power plant is judged as
most threatening, despite its low probability. Scores for flood-
ing are also rather high. Both represent involuntary risks without
clear individual gains, but with potentially large numbers of casu-
alties. Purposeful inundation is considered more threatening than
accidental (uncontrolled) flooding.
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Risks of smoking and road traffic are clearly judged as less
threatening than the risks of a nuclear power plant or a flood.
Smoking and participating in road traffic are voluntary activi-
ties with obvious individual gains. Moreover, the impacts are
mostly small-scale, involving small numbers of people per inci-
dent. The risk of death through a bee sting is considered a natural
and small risk.

On communication about flood risks

The rareness and unpredictability of floods, as well as their poten-
tially huge impacts put great demands on communication. It is
known that people deal with information in a selective way; they
absorb only what is relevant and convenient to them and as long
as it fits in with their idea of reality. This means that people,
when threatened with a flood, will not always react as govern-
ment expects or would like to. For instance, it is difficult to have
everybody evacuated in time from an area threatened by flooding
(Slootweg and Van Schooten, 2002).

People wish information in a languageintelligible to them
and also want their feelings to be taken into account. It is known
that people understandpercentages of probability better than fre-
quencies (Slovicet al., 2002). And also, expressing impacts in
positive terms (number of survivors) may be less threatening to
people than expressing them in negative terms (number of casual-
ties). Similarly, a (negative) flood probability could be expressed
as a (positive) protection level.

This would mean, for example, that flood risks which are
currently expressed as frequencies, e.g. as a ‘500 years event’ or
as ‘once in every 500 years flood’could alternatively be presented
as a protection level of 99.8% a year. Psychologically, this way
of expressing risks has even more advantages than being better
understood. It makes clear that: (a) the protection level is less
than 100%, implying that floods may happen; and (b) that the
protection level can be improved only a little bit by often very
expensive measures.

Moreover, in communicating, government must be clear on
uncertainties, as Stefanovic (2003) states: ‘sounding more cer-
tain than the data can justify is a sure way to lose trust and
credibility.’

So far, we discussed one-directional communication, which
is of course necessary in many cases and in fact the only option
during an immediate flood threat. In the process of developing
a flood risk management strategy or when designing individual
measures which may affect many people’s lives, however, one-
directional communication from government to public only is
bound to fail. With experiments on participative decision mak-
ing, Arvai (2003) demonstrated that involving people in the
analytical and decision making process contributes to gaining
a sound social basis. It was found essential that people and
parties should be involved in an early stage in the decision
making process on risk management and the communication
about it. This allows people to understand the problems, to
co-analyse possible solutions, and to participate in drawing
conclusions.

On the perception of purposeful inundations

People find man-induced disasters more threatening than natu-
ral disasters. Man-induced disasters also remain longer in the
people’s collective memory (Valket al., 2003). Presently, half
the people living along the Netherlands’ rivers think that floods
have natural causes. The other half believes that floods are caused
by man (De Vlieger, 1998).

But what if authorities consider inundating calamity polders
on purpose to protect more downstream areas? Then, obviously
the flooding is completely human-induced. This is bound to affect
the perception and acceptance by the people living in the very
calamity polder:

• they may find the flood compulsory;
• they may consider the division of losses and gains unfair;
• they may doubt the beneficial effects on society at-large;
• they may develop mistrust of government and experts.

These local perceptions may enlarge the society’s overall fear
for floods. Moreover, a decision to begin inundation will proba-
bly get a lot of attention in the media. Altogether people living in
calamity polders will be likely to consider a purposeful inunda-
tion more disquieting than an uncontrolled flood. This might be
detrimental to its acceptance.

The frequency that a calamity polder will be flooded will be
higher than the frequency that other polders will be flooded. Start-
ing the discussion on the possibility of assigning calamity polders
in the Netherlands some years ago already got people in the very
polders worked up; feelings ran high and still run high. It gener-
ates feelings of suspicion, uneasiness and fear among the people.
These feelings aggravate when people believe that the assignment
is not being evaluated carefully enough and think that not all alter-
natives have been taken into account seriously enough. People
also get upset when it is not clear to them what ‘the country’ will
do in return for the sacrifice they make (Baan and Rabou, 2002).

Assigning a calamity polder may start social and economic
processes that influence the regional development of the area.
Some people will move away from the polder because of the risk
and the expected changes to the landscape. The inhabitants fear
social disruption to the usually rural and very coherent village
communities. Especially the autochthonous population dislike
that and consider the social disruption as the greatest loss (Van der
Werff, 2000). People also fear a drop of the value of property, and
retardation of economic development due to a lower willingness
to invest in the area. Finally, they are afraid that the uniqueness
and the splendour of the landscape may be spoiled by high dikes
and civil construction works (Slootweg andVan Schooten, 2002).

Fact is that an actual inundation of a calamity polder will cause
damages, both tangible and intangible. People must be evacu-
ated for weeks and fear the nuisance, the tension and the social
disruption, when this might happen. People also fear environ-
mental effects due to (polluted) sediments settling in the polder
and through emissions induced by the flooding (Baan and Rabou,
2002).

Obviously, the people have a tendency to magnify the nega-
tive effects and to lose sight of possible positive effects. But it
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is uncertain how a calamity polder will develop in reality after
having been assigned. In view of the current flood protection pol-
icy, the probability that a calamity polder along the Netherlands’s
rivers would be flooded is about 1/1250 per year. With such low
probabilities government expects that the current rate of spatial
and economic development will be maintained. But how the cit-
izens and businesses will really behave in future also depends on
their perception of the consequences of being assigned a calamity
polder.

As flooding of calamity polders is done on purpose, it is gen-
erally reckoned that the flood damage must be compensated for.
Currently, the people’s experience with damage compensation is
bad. Many (Baan and Rabou, 2002; Slootweg and Van Schooten,
2002; Baan, 2003) state that purposeful inundation requires gen-
erous settlement of damages. Not only economic damage should
be compensated for, but also the inconvenience caused by the
flooding and the impacts it has on the rural communities should be
taken into account. This may contribute to gaining social support
for the assignment of calamity polders.

Development of a flood risk management strategy

The flood protection level along the main rivers in the Netherlands
is very high. It relies completely on preventing floods by struc-
tural measures which offer a uniform protection level against a
design discharge of 1/1250 per year. Non-structural measures
aimed at vulnerability reduction (land zoning, changing flood
plain cropping patterns, and building design) or loss pooling
schemes (insurance) get hardly any attention.

In a comprehensive flood risk management strategy both struc-
tural and non-structural measures should be used (Hooijeret al.,
2002, 2004). Such a strategy should aim at making communities
less vulnerable to floods and should be preferably anticipative
and not responsive (Stefanovic, 2003). To be able to design such
a strategy, we must understand how the physical and societal
systems work, what the causes are of the (increasing) risks, and
how we can manage the developments. We do not want to shift
off problems and losses to future generations; we want to get rid
of problems and to eliminate losses. We also have to realise that
the answers we get, depend on the questions we put (Stefanovic,
2003). Our paradigms, attitudes and believes have influence on:
(i) the scientific questions we put; (ii) the choices we make related
to the approach and methods to search for solutions; and (iii) how
we interpret and analyse the data and results of analyses. Sus-
tainable solutions can be found only when qualitative research
on human values and perceptions – and on how to change these –
is part of the investigations.

Important questions and choices in the quest for a further
development of a sustainable flood risk management strategy for
the Netherlands include:

• Is uncontrolled flooding still acceptable from a societal point
of view or should we prevent that by all means and gain control
over the flooding process?

• How much flood damage is acceptable in polders; and how
will government ensure that this maximum level of damage is
not exceeded?

• Is it acceptable that protection levels differ between polders and
which protection levels are preferable in view of the potential
flood damage?

• Is the desired protection level realised by structural measures
only or also by non-structural and emergency measures?

• To what extent can the government count on the ability of
inhabitants and businesses to take an own responsibility in
coping with floods?

• Will government compensate victims for flood damage suf-
fered and/or must it be made possible to insure flood damages?
And what demands can insurers put on citizens and businesses?

• What will be the base for determining damage compensation
in case of inundation? Are intangible effects included and to
what extent?

Uncontrolled flooding or inundation

When purposeful and controlled inundation is preferred to uncon-
trolled flooding resulting from dike breach, an order of flooding
must be determined in advance. The location on the river and the
potential flood damage are decisive for determining which polder
to inundate first, second, etc. Thus, the order is decided not only
by potential flood damage, but also by location along the river
(upstream), as the purposeful inundation is intended to lower the
water level in the river.

With the present equal protection levels, all polders along
the river may be flooded equally frequently. Or rather, it can-
not be known in advance when and where flooding will happen –
although it is most likely that the most upstream polders along
a river will be hit first. When the location of a breach is not
known, the flood damage can be much larger than with pur-
poseful inundation, as vulnerable polders are not spared (Vis
et al., 2003). And when the inflow is not controlled but scouring
a breach, water levels in the polders may become very deep, and
flood damage unnecessary high (Dijkmanet al., 2003). Against
this background, we maintain that along rivers uncontrolled
flooding should be over and done with. Society and politics
should aim at decreasing potential flood damage. In case of imme-
diate flooding threats, authorities should decide to inundate the
least vulnerable polders in order to spare the more vulnerable
ones. In countries like France (Anonymous, 1998), Hungary,
Italy and the US this is already common practice (cf. Dijkman
et al., 2003).

Acceptable flood damage

Measures to protect polders from flooding are expensive. Their
costs increase non-linearly with the level of protection. Hence,
a compromise must be found between the costs of construction
and expected losses due to flooding (Kron and Thumerer, 1999).
It has been stated recurrently that reducing the flood damage
potential is by far the most cost-effective measure (cf. Hooijer
et al., 2002). There are many possibilities to reduce the poten-
tial flood damage: (i) spatial planning to slow down economic
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developments in vulnerable polders; (ii) the construction of sec-
ondary levees within a polder to decrease the area which will
be flooded; (iii) adapted building constructions and flood-proof
decoration and furnishing.

A cost-benefit analysis may reveal which measures aimed at
reducing flood damages are economically feasible, e.g. compart-
mentalisation by splitting up polders through extra levees (Vis
et al., 2003; Klijn et al., 2004). Apart from the balance between
sheer financial costs and benefits there may be other reasons
to take measures which reduce the flood damage. Taking into
account intangible effects, such as psychological impacts and
damage to natural and cultural heritage, may turn the scales in
favour of taking measures.

Nowadays, a new or adapted flood risk management strat-
egy should contribute to sustainable development, which means
taking into account the possibilities and interests of future gen-
erations. In this context, new concepts and objectives are being
formulated, such as to increase a flood risk management system’s
resilience (De Bruijn, 2004) or to maintain sufficient flexibility in
order to allow future generations to respond on yet unforeseeable
developments and normative views (Klijnet al., 2004).

Finally society (or: politics) may hold the opinion that flood
damage should never exceed a certain predetermined threshold.
The costs of measures this from being exceeded may be consid-
ered as a kind of insurance premium to prevent us from suffering
from a disaster we don’t want to face.

Differentiation of flood protection levels between polders

Even when the probability of flooding would be equal, the risks
differ strongly because of the large differences in potential flood
damage. Moreover, in practice, flood probabilities are not at all
equal, but differ for two reasons:

1. Uncertainty margins in flood probabilities are large, as dikes
are not of uniform design or construction, other failure mecha-
nisms than overtopping cannot be excluded, and the behaviour
of the river and the water levels cannot be predicted sufficiently
accurately.

2. In case of above-design discharge waves in rivers, the
upstream polders are most likely to be hit first resulting in
a drop of the water level in the river and thus safeguarding the
polders further downstream from flooding (Van Mierloet al.,
2003).

This asks for considering a more adequate differentiation of
flood protection levels of all the polders along the Netherlands’
rivers, tuned to potential damage levels. Due to the complexity
of the hydraulic functioning of the river system and the large
number of uncertainties we consider it not useful to specify a
separate protection level for each polder. Rather a few roughly
defined but distinct protection levels should be chosen for a preset
flooding sequence. Then we would first have to establish the basic
protection level for the polder that is allowed to be flooded first.
All levees along the river must at least reach this level. Because
of the many uncertainties, some additional dike height may be
needed. But little extra should suffice, as further protection is

offered to the vulnerable polders by the successive inundation of
the less vulnerable polders.

Structural and non-structural measures

Flood control measures encompass structural measures (con-
structions), non-structural measures (monitoring, early warning
systems) and emergency measures (sand bags, flood logs). Struc-
tural measures offer security at high costs (investments, operation
and maintenance). When time intervals between flooding events
are expected to exceed the technical-economic life-time of con-
structions, they may not be used at all. Emergency measures are
less secure. However, costs are made only when the situation is
actually threatening. Although the costs of emergency measures
are generally high, the present value may be rather low. After
all, the present value of emergency measures decreases with the
decreasing frequency of use, and, by consequence, emergency
measures become economically more attractive in comparison to
structural measures with decreasing flooding frequency.

Emergency measures may be considered for natural river val-
leys where water depths are restricted. That holds for urban areas
in the Meuse valley in the Netherlands. For low-lying and vul-
nerable polders emergency measures are less attractive as these
measures are less secure and the consequences of failure will
be very severe. For low-lying and vulnerable polders structural
measures are preferable.

Sharing responsibility between government
and inhabitants of polders

Citizens and businesses in polders may prepare themselves for
a flood and take measures to decrease the potential flood dam-
age. Increasing the flood risk awareness and preparedness of the
people lowers the psychological vulnerability.

But, the lower the frequency of flooding, the stronger the
tendency of the threatened people and businesses to place all
responsibility in the hands of the authorities (Kron and Thumerer,
2002). When the flooding frequency is low, it is very difficult to
increase the flood risk awareness and to maintain it when nothing
happens for decades. The collective memory plays an important
role and that memory fades away with the years. For that reason
along the Loire in France they refrain from constructions that
are seldom used, as people tend to forget the purpose of those
(Dijkman et al., 2003).

Altogether, increasing the responsibility and preparedness of
people and businesses as part of a flood risk management strat-
egy is possible only when the frequency of flooding is relatively
high. This then would apply to the floodplains as well as to
the natural valley of the Meuse River, but obviously not to the
dike-protected low-lying polders in the Netherlands, where the
flooding frequency is far too low.

Compensation of damage and insurance

Inundation is done on purpose to save other areas. As a conse-
quence costs and benefits should be distributed over society in a
fair way. It means that inhabitants and businesses in inundation
polders should be entitled to compensation of flood damage. We
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consider the settlement of damages to be an essential part of a
flood risk management strategy.

People would also like to be financially compensated in case
of uncontrolled accidental flooding. Insurances may offer finan-
cial security. Kron and Thumerer (2002) state that the most
efficient way to cope with flood’s destructive forces is by a
co-operation between the people and the government, plus the
insurance industry. In recent years, the demand for flood insur-
ance has been growing worldwide (Kron and Thumerer, 2002),
but in the Netherlands it is at present impossible to get a pri-
vate insurance for an uncontrolled flooding resulting from a dike
breach.

Base for determining the level of damage compensation

The base for repayment of flood damages must be made clear and
should be included in a flood risk management strategy. A gener-
ous compensation of flood damages will contribute to relieving
the societal opposition when e.g. assigning calamity polders.
The NIMBY-effect (Not-In-My-Back-Yard) may be changed to
AIMBY (Allowed-In-My-Back-Yard).

What does generous mean in this case? It is clear that com-
pensation of economic (tangible) damage alone is not enough.
Compensation is also needed for inconvenience, stress, etc.
Presently, we do not have a clue about the size of the intan-
gible damage compared to the tangible damage. However, the
value of the intangibles can be determined with the Contingent
Valuation Method, by asking people how much financial com-
pensation they wish for the burden of flooding. Usually, people
will then react in a strategic way and will ask more than they
really expect to receive. But such an asking price can be used as
a starting point for negotiations with the government, eventually
leading to a balanced price.

Final comments

In the Netherlands, a discussion has started on the further devel-
opment of the present flood risk management strategy. Of course,
as pointed out in the section on psychological aspects and com-
munication, this should be done in close co-operation with the
citizens and other parties, and especially with the people and busi-
nesses that may be affected in one way or another. They should be
involved from the beginning, i.e. from the problem formulation,
through the design of measures and their analysis, to the end, i.e.
the evaluation of alternatives and the real decision making. This
calls for intensive communication with all parties involved, in a
language people understand easily, whilst being honest about all
uncertainties, and sincerely taking into account the feelings of
the people involved.
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