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P R E F A C E

The cover photo  o f this book is full o f action and denotation. A big wave hits 
the coastal fron t and partially hides a no swimming-sign. It doesn’t  m atter, no 
one w ould  be thinking o f going for a swim under such conditions. Yet, this 
photograph betrays the presence o f at least one person  facing this danger. The 
photographer.

My dad took  this p ic ture  on the Belgian coast in the  early nineties. I stood just 
behind him . As a young kid, I was m ainly busy struggling against the  furious 
wind. I honestly  can’t  rem em ber m uch m ore  from  this trip , b u t it sure was an 
intense adventure. I like to  believe this event unconsciously triggered m y 
in terest in storm  surges and flood hazards. For a long tim e, the photo  on the 
cover has thus been the herald  o f this dissertation.

N ow , after four years o f academic effort, I can look back on a difficult yet 
rew arding experience w ith  m any highlights and pleasant collaborations. T rue 
to  tradition, I take the opportun ity  here  to  spotlight som e people w ho played 
a small or a large ro le  in the  realization o f this dissertation.

First in the ro w  is m y supervisor Philippe De M aeyer. As head o f the 
D epartm ent o f Geography, Philippe succeeds in the dashing exploit of 
managing the D epartm en t w hile teaching several courses, overseeing 
num erous projects, and supervising various PhD students. I am indebted to 
Philippe for pulling m e in a t the D epartm ent after m y graduation, for 
encouraging m e in striving for a PhD grant, for giving m e the confidence and 
liberty to  explore various research  fields and for the  support in m aking 
contacts and building up a n e tw o rk  in the dom ain o f flood risk.

T hroughout this study, I have com e across tw o persons w ho stand ou t from  
this ne tw ork . First is Ruud Zaalberg, w hom  I go t to  know  at a conference in 
Ziirich in 2009. From  the very first acquaintance, I was im pressed by R uud’s 
statistical know ledge and insights. I thank Ruud for initiating m e into the a rt of 
regression and path  analysis, and for challenging m y scientific thinking. Second 
is T eun  Terpstra, to  w hom  I ow e great help in exploring the domains o f risk 
perception  and social science. I especially re ta in  good m em ories to  our 
brainstorm  session in D elft and to  the pleasant dinner on the ‘stu d en t’s 
m ark e t’ in D en Haag.

I w ould fu rther like to  express m y sincere gratitude to  Tina M ertens and 
Kathy Belpaeme for review ing and im proving the questionnaires, and to
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Floods are ‘acts o f God’, 

but flood losses are largely acts o f man.

G ilbert F. W hite  (191 1-2006)





I I N T R O D U C T I O N

February 28, 2010. A heavy storm  surge lams into the w est coast o f France. 
M eteo France observes alarm ing w ind speeds and increasing w ater levels along 
the coasts o f the  V endée and the C harente-M aritim e departm ents. D espite 
these observations, a flood alarm  rem ains forthcom ing, le t alone a m ajor 
evacuation o f the  coastal area. And yet, the  com bination o f high w ind speed, 
w ind direction  and long sto rm  duration  produces alarming w ater levels. 
W ith in  a few  hours tim e, the  seawall breaks at several places. The subsequent 
flood results in S3 fatalities and €  1,5 billion assured damage (K olen et al., 
2010 ) .

This storm  depression, know n as Xynthia, triggered substantial questions 
about coastal safety in France. In the vicinity o f A iguillon-sur-M er, w here 25 
people fell victim, dike age goes back to  the  N apoleonic tim e. A ccording to  
State Secretary Chantai Joanno, about 1,000 km  or 10% o f the French dikes 
are in poor condition. Xynthia also opened a touchy polem ic about coastal 
urbanization, since approxim ately 100,000 houses w ere bu ilt in flood-prone 
areas during the last decade (G am ier and Surville, 2010). But m ost 
im portantly , this sto rm  show ed tha t the  inhabitants w ere insufficiently 
inform ed and prepared  for such a disaster. T here w ere  no flood alarms, nor 
evacuation procedures. People w ere  surprised by the quick-rising w ater and 
did n o t know  how  to  respond. In addition, the storm  occurred at n ight w hen 
m any houses and bungalows had their electric ro ll-dow n  shutters dow n. Due 
to  the floods, a regional pow er failure transform ed these ro ll-dow n shutters 
into a fatal trap  (K olen et al., 2010).

Shortly after the  Xynthia storm , the debate on coastal safety and coastal 
urbanization expanded to  o ther N o rth  Sea countries. Econom ist G eert Noels 
opened the debate in Belgium by proclaim ing tha t the  Belgian coast w ould n o t 
w ithstand a storm  such as Xynthia (D e Standaard, M arch 2, 2010). Noels 
re ferred  to  the outcom es o f the  M aster Plan for Coastal Safety (MPCS; 
Agency for M aritim e and Coastal Services — Coastal Division; 2007-2011), 
w hich are available to  the  public on the In ternet and w hich indicate tha t a 
m ajor storm  surge may cause thousands o f casualties and billions o f Euros 
m aterial damage. A lthough this inform ation was already available on the 
In ternet for som e tim e, N oels’ statem ents created consternation  am ong the 
public. W hile his m essage was slightly overstated  by the selection o f MPCS 
outcom es (that is, (i) he only m entioned  the outcom es o f a ‘w orst-case
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Chapter I

scenario’, being a storm  surge w ith  a probability o f 1 in 17,000 years, and (ii) 
he did n o t m ention  the on-going research and the planned defence 
im provem ents on the Belgian coast), the subsequent m edia controversy 
revealed one particular aspect: the  general public seems insufficiently
inform ed about the possible im pacts and consequences o f  a severe storm  surge 
on the Belgian coast.

This dissertation focuses on the m anagem ent o f flood risks on the Belgian 
coast, w ith  a tten tion  to  the analysis, perception  and com m unication o f these 
risks. In particular, it examines tw o approaches in flood risk m anagem ent, 
nam ely objective and subjective risk assessm ent. W hereas objective refers to  
technical risk m ethods, subjective deals w ith  the public’s judgm ent and 
awareness o f flood risks. Through the use o f geographic inform ation systems 
and tw o  extensive surveys, various quantitative analyses are conducted to  
determ ine and com pare objective and subjective risk assessments. In addition, 
this dissertation considers the  in teraction  betw een  risk  perception  and the 
public’s need for inform ation. The end goal o f this research is to  p resen t 
valuable insights tha t could am eliorate risk com m unication and consequently 
im prove the public understanding and aw areness o f coastal flood risks.

This in troducto ry  chapter starts w ith  a general background to  the  objectives of 
this dissertation. A tten tion  is given to  the  definition o f risk and the 
m anagem ent o f flood risks. The distinction betw een  objective versus 
subjective flood risk assessm ent is then  discussed, as well as developm ents in 
risk perception  and risk com m unication research. Background inform ation is 
also provided regarding the vulnerability o f coastal areas in general and the 
Belgian coast in particular. Finally, the objectives and research questions of 
this dissertation are presen ted  and the following chapters are outlined.

I. I Background

1.1.1 The meaning of risk

Risk is an artificial construct. It cannot be seen n o r sensed, and yet, people 
have always a ttem pted  to  judge and contro l the risks they are facing. As Renn 
(1998a) acknowledges, talking about risks is a delicate issue, since there  is no 
com m only accepted definition for the  te rm  ‘risk ’, ne ither in the  sciences no r 
in the public under standing.

2



Introduction

N um erous definitions o f risk  have been suggested th roughou t the years. 
C righton (1999), for exam ple, defined risk as the  probability o f a loss, 
depending on hazard characteristics, exposure, and vulnerability. Helm  
(1996) for his part defined risk simply as the  p roduc t o f the probability o f a 
hazard and the consequences or losses o f this event. A lthough H elm  adm itted  
tha t this p roduc t is n o t sufficient in itself to  fully describe the real risk, he 
claimed tha t it provides an adequate basis for com paring risks or making 
resource decisions. To date, H elm ’s definition has been adopted in m any 
o ther risk studies and analyses. Smith and Petley (2009), for example, 
describe risk as ‘the probability o f a hazard occurring and creating loss’ .

The above-m entioned definitions all have in com m on tha t risk is a quantifiable 
concept, w hich is de term ined  by its statistical probability and its 
consequences. W hile this approach makes it possible to  com pare risks, 
im portan t inform ation is lost in the process. For instance, regular flooding 
w ith  lim ited consequences and exceptional flooding w ith  huge consequences 
(such as the  Xynthia storm ) may be equal in term s o f risk, though in practice 
they differ significantly: individuals and societies may be quite able to  cope 
w ith  the first type o f floods, b u t n o t w ith  the second (M ostert and Junier,
2009). Risk can therefore  also be seen as a qualitative and social construct in 
w hich hum an view points and preferences are considered (Luhmann, 200S). In 
this regard, R enn (200S) proposed a m ore  generic definition o f risk: ‘risk is an 
uncertain  consequence o f an event or an activity w ith  respect to  som ething 
tha t hum ans value’. Recently, the definition o f risk has been standardized in 
the ISO 31000:2009 as ‘the effect o f uncertain ty  on  objectives’ (Purdy,
2010). The contrast betw een  a quantitative and qualitative approach reflects 
an ongoing debate betw een  physical and social scientists, which is also know n 
as the ‘realist versus constructiv ist’ debate (Renn, 1998b) or the ‘objectivist 
versus subjectivist’ debate (Slovic, 2000). Section 1.1.3 discusses this dual 
na tu re  in m ore  detail.

1. 1.2 Managing flood risks

Risks occur in a variety o f types and forms, and num erous authors have 
a ttem pted  to  categorize risks. Table 1-1 summarizes tw o  popular distinctions, 
based on the frequency o f occurrence (H ew itt, 1997) and the type of 
hazardous agent (Renn, 2005). Regarding frequency o f  occurrence, H ew itt 
distinguishes betw een  rou tine  risks, w hich are associated w ith  dangers that 
seem ever-presen t in daily life, and ex trem e risks, which are linked w ith
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threats tha t can overw helm  w hole com m unities. Flood hazards are generally 
induced by natural forces (heavy rainfall, w indstorm s, e tc .) and they m ostly 
occur as ex trem e risks, im plying tha t their probability o f occurrence is low, 
b u t their consequences m ight be considerable. W o rth  m entioning is the 
distinction betw een  risk and hazard. W hereas risk implies the probability of 
occurrence, a hazard can be described as any event having the potential for 
harm  or o ther consequences o f in terest (Basic, 2009). Hazards becom e risks 
w hen consequences o f in terest are expected. For instance, a flood hazard 
becom es a flood risk  w hen people are residing in the flood-prone area (Renn,
200S).

Table I-I Classification of risks according to  the ir frequency (Hewitt, 1997) and 
hazardous agents (Renn, 2005)

H azardous agents Routine risks Extreme risks
Physical Noise Fire
Chemical Pollutants Toxic substances
Biological Bacteria, viruses Epidemic
N atural forces Storm winds Earthquakes, floods
Social-communicative Violence Terrorism
Com plex Food Nuclear

Flood hazards are traditionally classified into th ree  types: river, flash and 
coastal (Berz et al., 2001). River floods are probably the best studied type of 
flood hazards. They are caused by the overflow  o f river em bankm ents due to  
severe rainfall or snow  m elting (Bronstert, 2003). Related to  river floods are 
flash floods, w hich occur after local high-intensity rainfall, leading to  a rapid 
raise o f w ater levels. They generally appear in m ountainous areas and are very 
difficult to  p red ict w ell in advance (W agner, 2007). The th ird  category is 
coastal flooding, which is usually caused by (ex trem e) high w ater levels due to  
w ind storm s and low  atm ospheric pressure, w hether or n o t com bined w ith  an 
astronom ical high tide. Storm  surges are responsible for m ost o f the 
w orldw ide loss o f life from  coastal floods (Sm ith and Petley, 2009). A rare  bu t 
w ell-know n type o f coastal flooding are tsunam is, a series o f large waves 
generated  by sudden displacem ent o f seawater, caused by an earthquake, a 
volcanic erup tion  or a subm arine landslide (Jonkm an, 2007). Besides these 
th ree  classic types o f flood risks, o ther flood hazard types have been defined, 
such as g roundw ater flooding (Kreibich et al., 2009), sewage flooding (A rthur 
et a l., 2009), etc.
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The m anagem ent o f flood hazards has long been restric ted  to  a flood contro l 
approach, which implies a focus on com plete prevention  against a certain 
w ater level. This approach resu lted  in continually heightened levees and 
seawalls, w ithou t a tten tion  for the  area tha t is to  be p ro tec ted  from  flooding 
(Broekx et al., 2011). Since the 1990s, risk-orien ted  m ethods and risk analyses 
are gaining m ore  and m ore  a tten tion  in the  field o f flood hazards. By 
quantifying flood probabilities and considering possible consequences, the 
risk-orien ted  approach allows the evaluation o f m itigation m easures and 
consequently the  optim ization o f investm ents. It also enables (re-)insurance 
companies, m unicipalities and residents to  p repare for disasters (Apel et al., 
2009).

Just as risk is difficult to  define, several definitions have been  suggested for 
(flood) risk m anagem ent. A good definition has been suggested by Kaiser and 
W itzki (2004): ‘Flood risk m anagem ent com prises the articulation o f goals 
and the construction  o f strategies w hich lead to  a decision about the dem and 
o f practices and the im plem entation  o f concrete  m easures to  m itigate the 
adverse effects o f flood hazards’. Schanze (2007) shortened the definition to  
‘the  use o f m ethods for the design, developm ent and contro l o f systems to 
identify, analyse and m itigate flood risks’ . M uch o f this is rep resen ted  in the 
ISO 31000:2009 standard for risk m anagem ent (Purdy, 2010), which 
encompasses five phases (Figure 1-1): (i) establishing the con tex t (i.e ., ‘W hat 
is to  be achieved?’), (ii) identifying the risk (i.e ., ‘W hich risks could happen, 
how , when, and why?’), (iii) analysing the risk (i.e ., ‘W hat can happen?’), (iv) 
evaluating the risk (i.e ., ‘W hich risk is acceptable?’), and (v) m itigating the 
risk (i.e ., ‘H ow  to  reduce the risk?’). In term s o f flood hazards, the m itigation 
phase encompasses risk reducing m easures, w hich ranges from  technical 
m easures (e.g ., im provem ent o f forecasts, constructing or reinforcing levees 
and pro tective seawalls, e tc .) to  concepts for regional planning (e.g ., 
prohibiting settlem ents in flood-prone areas) as w ell as m easures for 
inform ing the public about being proactive and p repared  (M artens et a l., 
2009). The collection o f identification, analysis and evaluation o f risks is 
denoted  as risk assessment.

Figure 1-1 depicts the risk m anagem ent process as a circular process w ith  
step-like phases, though in practice there  can be considerably in teraction  
betw een  the phases. Tw o activities w ork  through all phases o f the 
m anagem ent process, nam ely m onitoring  and com m unication. M onitoring 
involves environm ental scanning by risk ow ners, controlling assurance, 
collecting new  inform ation tha t becom es available, and learning lessons about
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risks and controls from  the analysis o f successes and failures. C ontinuous 
m onitoring  allows acting appropriately if new  risks em erge or existing risks 
change in either the  organization’s objectives or the  in ternal and external 
environm ent in which they are pursued (Purdy, 2010). The second 
continuous activity is the com m unication and consultation w ith  in ternal and 
external stakeholders. W hereas in ternal stakeholders are experts in the risk 
m anagem ent field, external stakeholders are decision-m akers and the public. 
The im portance o f the stakeholders’ objectives and views is beinç increasingly 
acknow ledged in risk m anagem ent (Petts, 2008; Milligan ci ul. , 2009).

/  ca tion

Figure I-I The circle of risk management

1.1.3 Objective versus subjective flood risk assessm ent

W hile quantitative aspects o f flood hazards have been form erly studied 
predom inantly  by engineers and hydrolo<>ists, social aspects o f floods have 
gathered increased a tten tion  in recen t years, particularly amon<> sociologists, 
geographers and environm ental planners (Schanze, 2007). This evolution 
reflects the dual na tu re  o f risk, which has already been in troduced  earlier in 
this chapter. Tw o approaches are thus distinguished in flood risk assessment
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(Sm ith and Petley, 2009). The first is the classic statistical approach, w hich is 
often denoted  as the  objective risk  assessm ent or the risk-as-analysis approach 
(Slovic et al., 2004). This approach defines flood risk  as the  p roduc t o f hazard 
(i.e ., the physical and statistical aspects o f the  actual flooding) and 
vulnerability (i.e ., the exposure o f people and assets to  floods and the 
susceptibility o f the elem ents at risk to  suffer from  flood damage) 
(Raaijmakers et al., 2008; M eyer et al., 2009). The second approach is based 
on peop le’s subjective concerns, view points and preferences (Sjöberg, 2000; 
Chauvin et al., 2007). This perceived risk-approach pays a tten tion  to  
qualitative and intangible aspects o f flood hazards, such as em otions, 
controllability, equity, uncertainty, etc. (Figueiredo et al., 2009). Since 
feelings and em otions exhibit im portan t factors in peop le’s risk perception, 
Slovic et al. (2004) nam ed this approach ‘risk-as-feelings’.

A lthough the objective and subjective approaches are  often  presen ted  as 
distinct risk assessm ent m ethods, they are n o t polar opposites (Renn, 1998b; 
Smith and Petley, 2009). For exam ple, an individual’s in tu ition  may be 
unintentionally  based on statistical know ledge o f risk  events. Conversely, even 
the m ost objective risk evaluation involves a range o f subjective judgm ents, such 
as the ways in w hich different im pacts are com pared (e .g ., assigning weights 
to  various factors in a cost-benefit analysis). Smith and Petley (2009, p. 61) 
re p o rt tha t am ongst academics controversy exists as to  w hether objective or 
subjective risk assessments should be given prom inence in risk m anagem ent 
decisions. W hereas objective risk  assessm ent allows com paring risks 
appropriately, subjective risk assessm ent is b e tte r  suited to  com prise the 
com plex natu re  o f risk.

The understanding o f the subjective risk assessm ent (or risk perception) is 
increasingly being recognized an im portan t aspect o f the decision making 
process to  the po in t tha t som e believe tha t the public percep tion  o f risk is 
already driving policy as m uch as technological and scientific risk  assessments 
(C orreia et al., 1998; T ierney et al., 2001). R enn (2004) elucidated this 
sta tem ent by arguing tha t risk perception  research cannot replace science and 
policy though it can provide the im petus for the  decision-m aking process. The 
European CRUE ERA-NET funding initiative for flood-oriented  research 
adm its tha t subjective risk assessm ent should n o t be neglected. This initiative 
states that the question o f how  people perceive, to lera te  and accept flood risks 
is o f vital in terest in m odern  flood risk m anagem ent, because it steers the 
developm ent o f effective and efficient flood m itigation strategies (w w w .crue- 
erane t.ne t). Several researchers (e .g ., Enserink, 2004; M erz et al., 2009)
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m ention  a grow ing concern to  bring together the  subjective and objective 
approaches in flood risk  m anagem ent.

A m ultidisciplinary and in tegrated  approach is thus desirable, w hich n o t only 
includes experts and decision-m akers, b u t also involves local stakeholders and 
the public (Brilly and Polie, 200S; Peacock et al., 200S; Renn, 200S). This 
integration  o f b o th  approaches may provide grounds for setting up effective 
risk com m unication strategies as w ell as for the creation  and application o f risk 
m anagem ent policies and m easures (K eller et al., 2006; Figueiredo et al., 
2009).

The subsequent section briefly discusses the research  in risk perception  and its 
in teraction  w ith  risk com m unication.

1. 1.4 Research in risk perception and risk communication

O riginated in the nuclear debate o f the 1960s, risk perception  research 
a ttem pts to  identify and clarify peo p le ’s interests, views and needs regarding 
risks (Sowby, 196S; Starr, 1969). Through this research it becam e clear that 
advocates o f nuclear energy focused on the low  probabilities o f a nuclear 
disaster, whereas opponents o f this new  technology mainly envisaged the 
catastrophic potential and the involuntariness o f the  risk. W hile these early 
studies w ere m ainly based on revealed preferences (B arnett and Breakwell, 
2001), subsequent research gradually evolved to  psychological experim ents 
and public surveys, in w hich peop le’s perception  could be assessed w ith 
expressed preferences (Palenchar and Heath, 2007). Three lines o f research 
have em erged from  this evolution.

A first line o f research deals in essence w ith  the quantification o f risk 
perception. The psychom etric studies o f Fischhoff et al. (1978) and 
particularly Slovic (1987) p ioneered  in this regard  by developing techniques to  
quantify and analyse peop le’s preferences regarding various health  and 
technological risks. Slovic’s approach to  risk percep tion  is w idely know n as 
the Psychom etric Paradigm. D espite criticism  (e.g ., Sjöberg, 2000), it 
rem ains a popular m ethod  in percep tion  research  to  date. Closely linked to  
the psychom etric approach is the  heuristics m ethod, w hich has its roo ts in the 
availability heuristics o f Tver sky and Kahnem ann (1974), and which express 
simple and intuitive rules o f thum b tha t people use to  m ake decisions. Slovic et 
al. (2004) extended the heuristics approach to  the  study field o f risk
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perception  by defining the affect heuristic or the risk-as-feelings approach 
(M iceli e£ al., 2008).

A second group o f theories em ploys risk perception  to  examine, explain and 
p red ict peop le’s behaviour regarding risks. This research  line regards public 
perception  o f risk as an im portan t p red ic to r o f how  citizens will p repare for 
and respond to  hazards (Peacock et al., 200S). P rom inent approaches in this 
con tex t are the P ro tec tion  M otivation Theory (G rothm ann and Reusswig,
2006), the Protective A ction Decision M odel (Lindell and Perry, 2000), 
C ontingent V aluation M ethods (Zhai et al., 2006) and qualitative research 
(W agner, 2007).

A th ird  line o f research em ploys risk percep tion  to  im prove risk 
com m unication strategies. This group o f studies is based on the idea tha t the 
know ledge o f som eone’s views and perceptions allows optim izing 
com m unication efforts about risk (K eller et al., 2006; Bell and Tobin, 2007). 
In tu rn , effective risk  com m unication largely determ ines how  w ell people are 
prepared  to  face and deal w ith  a risk  (Basic, 2009). This in terest in tw o-w ay 
com m unication is a recen t developm ent in risk com m unication, w hich has 
been em erged due to  the failing o f one-w ay com m unication and persuasive 
com m unication m ethods (H öppner et al., 2010). Audience-based risk 
com m unication m odels com ply w ith  these recen t developm ents. For instance, 
the Risk Inform ation Seeking and Processing m odel (Griffin et a l., 1999) aims 
at identifying various factors tha t stim ulate people to  seek for risk 
inform ation.

Since the 1980s, risk percep tion  research  is predom inantly  represen ted  in 
health  and technology sector (Renn, 2004). To date, num erous studies exist 
on the perception  o f epidemics, diseases, pollution, chemical w aste and 
nuclear risks. H ow ever, due to  the grow ing in terest in clim ate change and the 
environm ent in general, percep tion  research  has also becom e rapidly p resen t 
in the dom ain o f natural hazards, such as earthquakes (e .g ., Lindell and Perry, 
2000; Lindell and Hwang, 2008), hurricanes (e .g ., Peacock et al., 2005; 
A rlikatti et al., 2006; H orney et al., 2010), volcanoes (e.g ., Bird, 2009; 
Gavilanes-Ruiz et al., 2009) and floods (e .g ., Siegrist and G utscher, 2006; Bell 
and Tobin, 2007; Zaalberg et al., 2009; T erpstra, 2011). D espite the rapid 
grow th  o f research on flood risk perception, several researchers recognize the 
study field is still in its infancy (Botzen et a l., 2009).
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1. 1.5 Coastal flood risks

D uring the last decade, several studies have rep o rted  increased flood risks in 
coastal areas w orldw ide (e .g ., D olan and W alker, 2006; Karim and M imura, 
2008; Lebbe et al., 2008; W atkinson, 2009). M ost researchers expect this 
tren d  to  continue in the fu ture. Tw o developm ents are generally p u t forw ard 
to  substantiate this prediction.

First developm ent is the global clim ate change, o f w hich sea level rise is one of 
the m ost cited effects (Reynolds et al., 2010). A ccording to  their fourth  
Assessm ent R eport (Nicholls et al., 2007), the In tergovernm ental Panel on 
Clim ate Change (IPCC) predicts a global sea level rise up to  0 .6  m  or m ore  by 
the end o f the 21st century. Through the 20th  century, global rise o f sea level 
already contribu ted  to  increased coastal inundation, erosion and ecosystem  
losses, b u t w ith  considerable local and regional variation due to  o ther factors 
(C ooper and Jay, 2002; Cow ell et al., 2006). In addition to  sea level rise, an 
increase in storm  frequency and storm  intensity is often pred icted  (M clnnes et 
al., 2003), albeit less accepted than sea level rise. Butler et al. (2007), for 
exam ple, could n o t find a clear tren d  in the frequency o f ex trem e storm  levels 
in the N o rth  Sea area betw een  1955 and 2000. O n  the contrary, Lowe and 
G regory (2005) rep o rted  an increase in the  height o f the  50-year ex trem e 
w ater level near London during the last 50 years. Regardless o f their regional 
variability, the IPCC considers bo th  factors as m ain clim ate drivers for coastal 
systems (Nicholls et al., 2007).

Second developm ent is the  increasing urbanization degree in coastal areas. 
Buddem eier et al. (2002) po in ted  ou t that, although n o t all o f the  w o rld ’s 
coastlines are inhabited, only few  are beyond the influence o f hum an 
pressures. The utilisation o f the coast increased dram atically during the 20th 
century, a tren d  tha t is generally expected to  continue th rough the 21st 
century  (Nicholls et al., 2007). The attractiveness o f coastal areas has resu lted  
in disproportionately  rapid expansion o f econom ic activity, settlem ents and 
urban  centres (Burak et al., 2004). This urbanization m ight be problem atic if 
the coastal area is vulnerable to  (sea) flooding. Smith and Petley (2009) have 
addressed such problem atic urbanization as ‘floodplain invasion’, w hich is 
partly  the  resu lt o f the  levee effect. This effect — originally in troduced  by Tobin 
(1995) — exists w hen flood defence structures (e.g ., seawalls) are erroneously 
perceived as m easures which assure full p ro tec tion  to  the  floodplain. 
C onsequently, floodplains becom e urbanized, and eventually m ore  p roperty  is 
placed at risk. An additional issue concerns coastal tourism , w hich is regarded 
as one o f the fastest grow ing areas o f the  w o rld ’s tourism  industry (Miller,
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1993; Hall, 2001). Because they are less independent and less familiar w ith  
the local environm ent and its hazards, tourists are regarded m ore  vulnerable 
than locals in disaster situations (Burby and W agner, 1996). Hence, coastal 
tourism  may fu rther increase the vulnerability o f coastal areas w ith  respect to  
storm  surges and floods.

1. 1.6 The Belgian coast in focus

The Belgian coastal plain is p art o f the m aritim e plain tha t extends along the 
N o rth  Sea from  the cliffs o f the Boulonnais (France) to  D enm ark. It is about 
65 km  long and 10 to  15 km  wide, and com prises beach, dimes and polders 
(Belpaeme and Konings, 2004). The Belgian coast is characterized by an 
artificial linear coastline, which alternates dimes, harbours and urbanization. 
O verall, over 200 ,000  people reside in the  coastal area. The relatively small 
coastal area is the setting for a num ber o f w idely d ivergent hum an activities, 
resulting in a high concentration  as w ell as a com plex spatial intertw ining of 
functions, such as tourism , industry, fisheries and agriculture (Allaert, 1996; 
Broekx et al., 2011). Tourism  is considered as the m ost im portan t econom ic 
activity in the  coastal area. D uring sum m er, approxim ately 300 ,000  tourists 
reside daily in com m ercial accom m odation (e .g ., hotels, recreational parks, 
e tc .) and second residences (private accom m odation, w ith  or w ithou t the 
in tervention  o f a real estate office) (G unst et a l., 2008).

The Belgian coast is p ro tec ted  against flooding from  the  sea by natural and 
artificial defence elem ents. N atural elem ents are dunes, sandbanks and 
beaches w hich form  a p ro tective be lt o f a few  hundred  m eters to  several 
kilom etres w ide and up to  30 m eters high (Lebbe et al., 2008). In addition, 
several places — particularly the  harbours and the urbanized areas — are 
p ro tec ted  by artificial coastal defence techniques, such as groynes and 
seawalls. The la tte r w ere  originally m ade o f packed earth, later o f stone and 
concrete. M ore than half the  Belgian coastline is p ro tec ted  by one or several 
m anm ade reinforcem ents (M ertens et al., 2010).

Previous storm  surges have show n their adverse poten tia l on the Belgian coast. 
M ost salient is undoubtedly  the storm  surge o f 1 February 1953, which 
resu lted  in a m ajor flood in O ostende and the loss o f several inhabitants. The 
quay-walls in the  harbour o f O ostende w ere  simply too  low, and consequently 
could n o t stop the rising w ater (N .N ., 2003). O th er coastal m unicipalities 
such as K nokke-H eist suffered large damage to  their seawalls. In response to
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the 1953 storm  surge, the Flemish A uthorities heightened and reinforced the 
seawalls in the years ensuing the disaster (C harlier and D em eyer, 1995), yet 
insufficiently to  serve p ro tec tion  against a m ore  severe storm  surge than the 
one from  1953.

R ecent projects have p u t renew ed  a tten tion  to  the safety o f the Belgian coast 
against sto rm  surges. First are the  European In terreg  projects COM RISK 
(2001-2005) and SafeCoast (2005-2008), in which Flanders served as research 
p artner (led by the Agency for M aritim e and Coastal Services). W hile bo th  
projects prim arily focused on objective risk assessment, a tten tion  was also 
given to  risk perception  and public participation (COM RISK subproject 3 in 
Kaiser et al. , 2004) and risk com m unication (SafeCoast A ction 2 in Knolle et 
al., 2007). Both projects therefore  conducted  surveys in the countries 
surrounding the N o rth  Sea, including Belgium. Kaiser et al. (2004) found that 
Belgian respondents (N  =  110; all inhabitants from  O ostende) have the 
h ighest1 dissatisfied percentage (56% ) tow ards the coastal defence. In 
addition, the need for m ore  inform ation on coastal flood risks was highest in 
Belgium (78% ). O nly 14% o f the  respondents indicated to  feei well- 
inform ed. This low  percentage corresponded  to  the findings o f K nolle et al. 
(2007), w ho com m ented  on the lim ited num ber o f com m unication means 
available to  the Belgian public.

D uring the SafeCoast project, tw o Flemish projects w ere com m enced, giving 
particular a tten tion  to  the Belgian coast. First is the M aster Plan for Coastal 
Safety (MPCS; form erly know n as the Integrated M aster Plan for Flanders 
Future Coastal Safety; 2007-2011), w hich encompasses the  study o f the safety 
level o f the  en tire  coastal area against sto rm  surges, considering the effects of 
the clim ate change up till the  year 2050 (V erw aest et al., 2009). MPCS 
revealed tha t about one-th ird  o f the  Belgian coast is insufficiently p ro tec ted  
against a 1 ,000-year storm  surge, w hich is set as the reference safety level. 
Fu ture defence m easures will m ainly com prise beach nourishm ent and the 
construction  o f little  storm  walls on top  o f the  cu rren t dikes (M ertens et a l., 
2010). MPCS is thus in essence a technical approach to  coastal flood risk. 
Second Flemish study is CLIMAR (Evaluation o f clim ate change im pacts and 
adaptation responses for m arine activities; 2006-2011), w hich w idens the 
scope o f MPCS and examines all possible changes and necessary adaptations in

1 O th e r  stu d y  areas b es ides O o s te n d e  (B elg ium ) w e re : R ibe (D en m ark ), St. P e te r -O rd in g  

(G erm a n y ), Sluis (th e  N e th e rlan d s) , and  Skegness (U n ite d  K in g d o m ). F o u r h u n d re d  

q u es tio n n a ire s  w e re  d is tr ib u te d  in  each  m un ic ip a lity . R esponse  ra te  w as h ig h est in  O o s te n d e  
(2 7 .5 % ) and  lo w e s t in  Skegness (1 1 .3 % ) (K aiser et a l . , 2004).
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the  coastal area and its activities in o rder to  cope w ith  the clim ate change (Van 
den Eynde et al., 2011). W hile CLIMAR incorporates a b roader view  on 
coastal flood risks, it is n o t in tended to  survey the public about its preferences 
and views on these risks.

1.2 R ationale  and  synopsis

The first p art o f this chapter has highlighted several im portan t trends. First 
tren d  is the shift from  a flood contro l to  a risk-orien ted  approach to  ‘m anage’ 
flood hazards. N onetheless, the dual na tu re  o f risk  (objective versus 
subjective) has only recently  been recognized an im portan t aspect in flood risk 
m anagem ent. Research in flood risk perception  is em erging rapidly, 
dem onstrating  the need to  consider the  public’s concerns, view points and 
preferences. Inextricably bound up w ith  the grow ing in terest for risk 
perception  is the increased a tten tion  for audience-based risk com m unication 
and public involvem ent in the decision-process. Second, coastal areas are 
becom ing increasingly vulnerable to  flooding, partly  due to  the  effects o f the 
clim ate change, partly  due to  the  grow ing urbanization and econom ic 
developm ent in these areas. Third, the  Belgian coast is on the verge of 
realizing new  defence m easures to  im prove its p ro tec tion  against flooding.

These findings provide the m ain rationale o f this dissertation, w hich is the 
exam ination o f the objective and subjective flood risk  assessm ent on the 
Belgian coast. Through mainly quantitative research via GIS and statistical 
m ethods, insights are acquired tha t could im prove risk  com m unication and 
consequently the  public understanding and awareness o f coastal flood risks.

The n ex t tw o sections p resen t the  specific research  questions o f this 
dissertation and the general outline.

1.2 .1 Research questions

This dissertation com prises five research questions which are triggered by 
th ree  research  objectives:

Objective A: To review the state o f the art in research on objective and 
subjective flood risk assessment.

Objective B: To analyse particular research gaps in objective and subjective 
ßood  risk assessment in coastal areas.
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Objective C: To suggest elements to improve flood risk communication in 
coastal areas.

W hereas the first objective addresses general aspects and outcom es in flood 
risk research, the  second and th ird  objective focus on research gaps regarding 
coastal flood risks. Study area o f these analyses is the Belgian coast.

Research objective A produces the following tw o research questions:2

R (fll: What is the state ofl the art in flood  risk management in Flanders and 
what are thefluture challenges?

RCfl3: What is the state ofl the art in flood risk perception and flood risk 
communication research? Which methodologies are employed and what are the 
mainflindings and shortcomings in these research flields?

The first research question concerns the state o f the a rt o f flood risk 
m anagem ent in Flanders. It has been m ore  than ten  years tha t the  Flemish 
A uthorities have abandoned the flood contro l approach in favour o f the risk- 
based approach. And still, a com prehensive review  o f the Flemish flood risk 
m ethodology is missing in literature . Furtherm ore, it w ould be in teresting  to  
m ap ou t the  fu ture challenges o f flood risk m anagem ent w ith  regard  to  the 
European Floods D irective (2 0 0 7 /6 0 /E C ), w hich en tered  into force in 2007 
and w hich obliges European countries to  develop flood risk m anagem ent plans 
by the end o f 2015. C hapter 2 addresses these issues.

Research question 3 deals w ith  the state o f the a rt o f research in flood risk 
perception  and flood risk  com m unication. A lthough the recen t years have seen 
an increased in terest for bo th  study fields in flood risk m anagem ent, the 
lite ra tu re  still lacks an overview  o f the  findings in these domains. These 
objectives are discussed in C hapter 4.

Research objective B entails the following tw o  research questions:

R (¿2: To what extent is coastal tourism an important flactor in flood risk 
management tflcoastal areas?

R(¿4: Which flactors determine the public’s flood risk perception in coastal 
areas? Does subjective risk assessment correspond to objective risk assessment 
and how is the geographic location linked to someone’s perception?

2 T h e  n u m b e rs  o f  th e  re sea rch  q u es tio n s  fo llo w  th e  o rd e r  o f  th e  ch ap te rs  in  th is  d isse rta tio n  
(R Q  3 is h an d led  in  C h a p te r  4; R Q  2 is h an d led  in  C h a p te r  3).
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Research question 2 addresses the  general ignorance o f tourists in flood risk 
m anagem ent. M ost studies use fixed population data in their flood risk 
analyses and rarely account for effects o f population  dynamics such as tourism  
(Lentz, 2006). Particularly in coastal areas, tourism  can greatly influence the 
num ber o f people tha t is exposed to  a coastal flood hazard (Jonkm an et al.,
2008). The seasonality o f coastal tourism  (especially in the  m iddle latitudes) 
adds a tem poral dim ension to  the problem . In C hapter 3, the  application o f a 
new  data set is explored  to  deal w ith  this spatiotem poral issue.

The fourth  research question deals w ith  the lim ited em pirical evidence that 
exists for the  theoretically  assum ed discrepancy betw een  e x p e rt’s versus lay 
peop le’s (i.e ., objective versus subjective) risk assessm ent (W righ t et al., 2002; 
Siegrist and G utscher, 2006; Peacock et al., 2005). In addition, the ro le  of 
location has been  underexposed  in flood risk percep tion  research  (H eitz et a l.,
2009). These and o ther issues are tackled in C hapter 5.

Research objective C triggers the  fifth research question:

R (f  5: How can the knowledge o f risk perception be informative to 
communication experts and what are the preferences and needs o f the public 
towardsfood risk communication?

The fifth research  question addresses the lim ited theoretical and em pirical 
know ledge about the peop le’s preferences, needs and behaviour tow ards flood 
risk com m unication. W hile several studies (e.g ., Griffin et al., 1999; Griffin et 
al., 2008; te r  H uurne and G utteling, 2008) have p u t great effort to  
conceptualize pred ictors o f inform ation seeking behaviour and their 
relationships, their exist little  em pirical support o f these m odels. M oreover, 
the com plexity o f these m odels ham pers clear m ediation  analyses (Kahlor,
2010). In addition, several authors (e.g ., Burn, 1999; Renn, 2005) have 
underlined the im portance o f know ing how  people think about these risks so 
tha t com m unication can be refined to  their needs. The fifth research question 
is addressed in C hapter 6.

1.2.2 Outline of th e  dissertation

This dissertation compiles five articles w hich have been published in or 
subm itted  to  in ternational peer-rev iew ed journals. C onform  the research 
objectives, tw o ou t o f five articles mainly review  the contem porary  research 
regarding (coastal) flood risks (Chapters 2 and 4). The o ther articles are 
analyses o f various sets o f survey data (Chapters 3, 5 and 6). Figure 1-2
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depicts the general outline o f the  d issertation and shows how  the chapters are 
linked to  each other.

C h a p t e r  8

General conclusion

C h a p t e r  2
Flood risk management in 

Flanders
Review RQ

C h a p t e r  I
Introduction

C h a p t e r  7
General discussion

Review

C h a p t e r  4
Perceiving and 

communicating flood risks 
RQ 3

I Analysis

C h a p t e r  6
Coastal flood risk 
communication

RQ 5[Analysis

C h a p t e r  5
Coastal flood risk 

perception
RQ 4IA nolysis

C h a p t e r  3
Coastal tourism

RQ 2

Figure 1-2 O utline of th e  dissertation

In C hapter 2, an overview  is p resen ted  o f the  Flemish flood risk m ethodology, 
which has been  developed at Flanders H ydraulics Research in close 
collaboration w ith  G hent University (D epartm en t o f Geography). After 
illustrating the need for a risk-based approach, a tten tion  is (liven to  reasoning 
and functioning o f the approach, as w ell as to  the im plem entation o f the 
approach in GIS. Since the m ethodology is constantly under developm ent, 
recen t im provem ents are also discussed. Tw o case studies (one river and one 
coastal) fu rther dem onstrate  the w orking o f the  m ethodology and the GIS 
tool. The chapter concludes w ith  an overview  o f fu tu re  challenges that are 
m ainly caused by the requ irem ents o f the European Floods D irective 
(2 0 0 7 /6 0 /E C ), and a b rief discussion on challenges regardin<> flood risk
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com m unication. The corresponding article to  this chapter has been subm itted 
for publication in Water Resources Management (Keilens et a l., 201 la).

C hapter 3, accepted for publication in Natural Hazards (Keilens et al., 201 lb), 
presents an analysis o f the im pact o f coastal tourism  on flood risk calculations. 
This chapter builds on the review  o f C hapter 2 and fills a gap regarding 
population  dynamics. To this end, it examines to  w hat ex ten t the ignorance of 
(residential) coastal tourism  may bias the calculations o f flood casualties. Both 
the dynam ic natu re  o f coastal tourism  and the behaviour o f residential tourists 
in storm  surge scenarios are considered. The en tire  Belgian coast is exerted  as 
case study.

C hapter 4, subm itted  for publication in Risk Analysis (Keilens et al., 2011c), 
provides a com prehensive review  o f the lite ra tu re  on flood risk percep tion  and 
flood risk com m unication. The review  com prises 57 empirically based peer- 
review ed articles, gathered from  the databases W eb o f Science and Scopus. 
This chapter dem onstrates the  g row th  o f studies on flood risk perception, bu t 
m oreover, it shows tha t there  is hardly no m ethodological standardization at 
present, w hich makes it difficult to  com pare outcom es betw een  studies. In 
addition, the  review  reveals tha t theoretical and em pirical studies on flood risk 
com m unication are nearly nonexisten t. A num ber o f research gaps are 
subsequently tackled in C hapter 5 and 6.

C hapter 5, published in Risk Analysis (Keilens et al., 201 ld ), presents an 
exploratory  analysis o f the flood risk perception  on the Belgian coast. By 
m eans o f a large-scale survey am ong the inhabitants and residential tourists o f 
the  Belgian coast, public risk  judgm ents are com pared to  e x p e rt’s risk 
assessments. Therefore, a high and a low  risk area are selected for the study. 
In addition, various personal and residence characteristics are m easured.

In the last analysis o f this dissertation, C hapter 6, a tten tion  is paid to  flood risk 
com m unication. Building on earlier inform ation seeking m odels such as the 
Risk Inform ation Seeking Process fram ew ork (Griffin et al., 1999), this 
chapter focuses on the em pirical relationships be tw een  inform ation seeking 
behaviour and the constructs o f risk perception, perceived hazard know ledge, 
response efficacy and inform ation need. Particular a tten tion  is given to  the 
m ediating relationship o f inform ation need and to  the  effects o f residing 
perm anently  in a flood-prone area or no t. Data was collected in O ostende by 
m eans o f a s truc tu red  on-line questionnaire. In the  form  o f an addendum , the 
chapter concludes w ith  several qualitative findings on the public’s inform ation 
preferences and in this way addresses one o f the fu ture challenges tha t w ere

17



Chapter I

discussed in C hapter 2. The corresponding article to  C hapter 6 is under 
review  for publication in Risk Analysis (Keilens et a l., 201 le ).

C hapter 7 recapitulates the five research  questions and presents a sum m ary of 
and a general discussion on the outcom es o f this dissertation. Avenues for 
fu rther research are po in ted  out, as w ell as im plications and challenges for 
policy m akers. Finally, general conclusions are given in C hapter 8.
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2 F L O O D  RISK M A N A G E M E N T  IN F L A N D E R S :  
P A S T  D E V E L O P M E N T S  A N D  F U T U R E  
C H A L L E N G E S

M odified from : Keilens, W., Vanneuville, W., Veijaillie, E., Meire, E., Deckers, P., 
De Maeyer, P. 2011. Flood risk management in Flanders: Past developments andjuture 
challenges, (submitted for publication in Water Resources Management)

A b s t r a c t

Flanders (no rthern  part o f Belgium) is a low-lying region vulnerable to  
flooding. Possible flood hazard sources are n o t only the m any rivers which 
pass th rough the Flemish inland, b u t also the N o rth  Sea, w hich is sensitive to  
the  pred icted  sea level rise and w hich can affect large parts o f the  Flemish 
coastal area. D ue to  the  expected  increase in flood risks in the 21st century, 
the Flemish A uthorities have changed their flood m anagem ent strategy from  a 
flood contro l approach to  a risk-based approach. Instead o f focusing on 
p ro tec tion  against a certain  w ater level, the  objective now  is to  assure 
p ro tec tion  against the consequences o f a flood, while considering its 
probability.

This chapter presents the  state o f the  a rt o f flood risk  m anagem ent in Flanders. 
In the first part, a tten tion  is given to  the reasoning and lunctioning o f the risk- 
based approach. R ecent refinem ents to  the approach are discussed, as well as 
the  m o d e l’s im plem entation  in GIS. The functioning o f the  approach is 
subsequently dem onstrated  in tw o case studies. The second p art o f the  chapter 
discusses fu tu re  challenges for the flood risk m anagem ent in Flanders. The 
driving force behind these challenges is the European D irective on the 
assessm ent and m anagem ent o f flood risks, w hich en tered  into force in 2007. 
The Flemish im plem entation o f the  directive is discussed and situated in the 
European landscape. Finally, a tten tion  is given to  the com m unication o f flood 
risks to  the  general public, since the ‘availability’ o f flood risk m anagem ent 
plans is am ong the requirem ents o f the  EU Floods D irective.
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2.1 In tro d u c t io n

Flanders is the low -lyinç n o rth e rn  part o f Belgium, w hich geographically 
consists o f a coastal basin plain that borders the N o rth  Sea in the  north -w est 
and a central plain that is characterized by a dense river ne tw o rk  (cf. Figure 
2-1). M ost rivers are tributaries o f the  Scheldt, except for the  M euse (on the 
Bel^ian-Dutch bo rder) and the Yser (in the w est o f Flanders). W hile the 
topography is relatively flat in the coastal basin and the n o rth e rn  part o f 
Flanders, m odera te  valley slopes exist in the  south o f the  region. D ue to  its 
hi^h level o f urbanization (average population  density exceeds +60 
in hab itan ts/km 2) and its dense river netw ork , Flanders is fairly sensitive to  
flood hazards. D uring heavy rainfall or lon<>-lastin<> rainy w eather, parts o f 
Flanders can be flooded by overflow  o f river em bankm ents (D eckers et al., 
2010; Broekx eta l., 2011).

Figure 2-1 Location of the  Flemish main rivers, smaller rivers, canals, catchm ents 
and topography

O th er flood risks are re la ted  to  storm  winds above the N o rth  Sea, w hich can 
resu lt in storm  surges alon<> the coastline and tidal waves rolling upstream  on 
the Scheldt river, especially w hen the w ind comes from  a north -w esterly  or
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northerly  direction. Examples are the storm s o f 1953 and 1976 w hich caused 
significant flood damage on the Belgian coast (specifically 1953) and along the 
Scheldt river. These floods gave rise to  an increased public awareness o f the 
flood risk and initiated the so-called Sigma plan (in w hich S stands for Scheldt) 
in the early 1980s. O riginated as a flood control approach, the  Sigma plan 
traced ou t a tidal sto rm  surge barrier dow nstream  A ntw erp, a general 
heightening o f the Scheldt river em bankm ents and the construction  o f a 
num ber o f contro lled  flood areas. Eventually, the storm  surge barrier was 
never constructed  since it could n o t be econom ically justified (Broekx et a l.,
2011). H ow ever, due to  sea level rise and econom ic developm ents, it is 
generally assum ed tha t flood risks will increase significantly in the  21 st 
century  (Kundzewicz et al., 2010; de M oei and Aerts, 2011). The Flemish 
A uthorities responded  to  this prognosis by shifting from  the flood contro l 
approach to  a risk-based approach (Vanneuville et al., 2003). As the nam e 
suggests, the risk-based approach puts a strong emphasis on flood risk, which 
is defined as flood damage tha t occurs or will be exceeded w ith  a certain  
probability in a certain  tim e period  (e .g ., one year) (M erz et al., 2010). The 
m ovem ent from  a flood contro l approach to  a risk-based approach yielded a 
focal shift from  p ro tec tion  against a certain  w ater level to  p ro tec tion  against 
the damage caused by the w ater. In practice, the risk-based approach led to  an 
actualised Sigma plan in w hich flood safety is prioritized, though w ith  nature 
resto ra tion  and the econom ic im portance o f the  river (e .g ., the harbour of 
A ntw erp) as im portan t param eters. In o rder to  achieve this, controlled  
flooding zones, reduced  tidal areas and w etlands are being installed to  store 
abundant river w ater. In addition, dike enforcem ents and storm  walls are 
foreseen to  p ro tec t urbanised areas from  flooding (Broekx et al., 2011).

Initially, the im plem entation o f a risk-based approach im plied tw o objectives 
in Flanders. The first objective yielded the developm ent o f a uniform  m ethod  
w hich allow ed com paring risks geographically or over tim e (e .g ., im pact o f 
in frastructure w orks). A lternatives are ex ante com pared to  evaluate cost- 
efficiency and prioritize them . The second objective consisted o f defining the 
necessary data and softw are for executing the risk calculations. A th ird  
objective was added in 2007, w hen the European U nion enforced the Floods 
D irective (2 0 0 7 /6 0 /E C ) . The goal o f this directive is to  establish a 
fram ew ork for the assessm ent and m anagem ent o f flood risk in Europe, 
emphasizing b o th  the frequency and m agnitude o f a flood as w ell as its 
consequences (de M oei et al., 2009).
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This chapter provides an overview  o f the state o f the a rt o f flood risk 
m anagem ent in Flanders. The first part (past developments) describes the risk- 
based approach in detail, together w ith  som e recen t additions to  the 
m ethodology and the m o d e l’s im plem entation  in GIS. The chapter 
subsequently exemplifies several aspects o f the  risk-based approach w ith  tw o 
case studies (river and coast). The second p a rt (future challenges) discusses the 
im plem entation o f the European Floods D irective in F landers’ flood risk 
m anagem ent and briefly com m ents on the Flemish situation in the  European 
landscape. The chapter ends w ith  a discussion on flood risk  com m unication.

2.2  Past  d e v e lo p m e n ts

2 .2 .1 A risk-based approach

The Flemish risk-based approach finds its origins in the early 2000s as a 
cooperation betw een  Flanders Hydraulics Research (Flem ish A uthorities) and 
the D epartm en t o f G eography (G hent University). It adopts the general 
definition o f flood risk as the  com bination o f the probability o f a flood event 
w ith  its (negative) consequences or losses (Sm ith and Petley, 2009). W hile a 
substantial body o f in ternational lite ra tu re  provides evidence o f extensive 
expertise in the field o f damage estim ation, experts and academics disagree 
about the m ethods and m odels to  be applied. Jonkm an et al. (2008) identify 
th ree  elem ents o f dispute, which are discussed hereafter: (i) damage
definition, (ii) damage appraisal and (iii) scale o f analysis.

Previous lite ra tu re  has defined flood damage in num erous ways. C om m on 
distinctions are betw een  direct and ind irect damage, and betw een  tangible and 
intangible damage (priced versus unpriced). H ow ever, in terpretations and 
delineations o f w hat is considered a d irect and indirect im pact differ (Jonkm an 
et al., 2008). In Flanders, the distinction betw een  d irec t and ind irect damage 
is used to  indicate w hether flood im pacts are first-o rder (they occur at the 
tim e o f flooding) or second-order (they occur after the  flood). As such, 
d irec t/in d irec t com prises a tim e shift in damage. Geographical distinction 
betw een  damage inside and outside the flooded area is designated by the term s 
in ternal and external damage. A ccording to  these definitions, it is impossible 
to  have d irect damage outside the flood area. Initial focus o f the  Flemish risk- 
based approach lied on in ternal tangible damage assessment, bo th  d irect and 
indirect (e .g ., p roduction  losses, clean-up costs). Soon, the inclusion of 
casualty calculations (intangible damage) was added to  the  m odel (Vanneuville
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et al., 2003). A lthough m odels have been suggested (see M erz et al., 2010) to  
valúate indirect, external damages (such as p roduction  losses in companies 
outside the flooded area), they have been found difficult to  apply, due to 
reasons o f lim ited data availability and a com plex econom ic ne tw ork  
(Rodrigues et al., 2002; Deckers et al., 2010). Since data uniform ity is one of 
the key objectives o f the Flemish risk approach, ind irect external costs are 
curren tly  n o t considered. Up till now , intangible costs such as health  effects 
and losses to  cultural heritage are also n o t considered in the approach. As 
these im pacts are requested  in the EU Floods D irective, it will be a challenge 
to  incorporate them  in the near fu tu re  (cf. Section 2 .3).

Jonkm an et al. (2008) fu rther indicate tha t various perspectives exist regarding 
damage appraisal. W hile som e authors (e .g ., M erz et al., 2010) p refer to  use 
depreciated values, others (e.g ., Vrisou van Eck et al., 1999; Vanneuville et 
al., 2003) have chosen to  use rep lacem ent values. Choosing betw een  
depreciated or rep lacem ent values depends on the definition o f risk: m acro- 
econom ic versus financial risk. M erz et al. (2010) advocate the use of 
depreciated values in risk m anagem ent, which are suitable to  calculate m acro- 
econom ic risks. R eplacem ent values on the contrary, are m ore  appropriate to  
calculate financial risks. An exam ple: a bakery, located in a flood area, m ight 
resu lt in financial risks for the  baker. H ow ever, if people are able to  buy their 
bread elsew here, there  is no (m acro-)econom ic risk  involved in this. The 
advantage o f calculating m acro-econom ic risks is its accuracy, on condition 
tha t sufficient inform ation is available, w hich is at the same tim e a significant 
disadvantage. A lthough rep lacem ent values may im ply simplification and 
overestim ation o f the actual risk, they are generally easier to  access and 
process.

Finally, the chosen scale o f analysis may lead to  variations in the risk 
m ethodology. Since Flanders is a relatively small region, all calculations can be 
perform ed at m icro- to  m eso-level, being S x S m  grids. This is a relatively 
high reso lu tion  com pared to  the 100 x 100 m  grids tha t are usually applied in 
flood risk m anagem ent (Jonkm an et a l., 2008).

Figure 2-2 depicts the flow  chart o f the Flemish risk-based approach, which 
consists o f th ree  calculation phases: (i) flood hazard calculations (probability 
and physical ex ten t), (ii) vulnerability and damage calculations and (iii) flood 
risk calculations. The following sections describe each o f these phases in m ore  
detail. Because o f the  scope o f this chapter, particular a tten tion  is given to  the 
second and the th ird  phase.
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(i) F lo o d  h a z a r d  c a lc u la t io n s (iii) F lo o d  r isk  c a lc u la t io n s

(ii) V u ln e r a b i l i ty  a n d  d a m a g e  c a lc u la t io n s

V u l n e r a b i l i t y
m a p s

Soci al  risk m a p  
(casualties)

E c o n o m i c  r isk m a p

P o p u l a t i o n  d a t a

H y d r o d y n a m i c
m o d e l

F lood h a z a r d  m a p s

Digi tal  E l e v a t i o n  
M o d e l  (DEM)

Land u s e  m a p s

M a x i m u m  
d a m a g e  m a p

E c o n o m i c  d a t a
(re p la ce m e n t values)

D a m a g e  m a p s

Figure 2-2 Flow chart of the Flemish risk-based approach

Flood hazard calculations

The first phase in the risk-based approach involves the com putation  o f a set of 
flood hazard m aps from  various hydrodynam ic m odels and a h i^h-resolution 
digital elevation m odel (know n as DHM Vlaanderen, w ith  an average vertical 
accuracy o f 7 cm on hard surfaces and short çrass). The generated hazard maps 
each rep resen t the physical ex ten t o f a flood w ith  its particular re tu rn  period 
(probability). H igher w ater levels correspond to  larger re tu rn  periods of 
occurrence. The flood m aps n o t only show  m axim um  w ater level in each çrid  
cell, bu t indirectly indicate the spatial ex ten t o f a specific inundation. O ther 
param eters, such as flow  velocity and the ra te  at which the  w ater rises are also 
m apped.

Vulnerability and damage calculations

The second phase form s the heart o f the risk-based approach. Usinç various 
^eo^raphic and socio-econom ic data, damage (i.e ., econom ic damage) and 
vulnerability (i.e ., casualties) m aps are com puted.
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Table 2-1 O verview  of categories (land use and objects) th a t are considered in 
damage calculations (damage values are in Euros)

Categories
Meas.
Unit

Max.
Direct
Dam age Categories

Meas.
Unit

Max.
Direct
Dam age

Roads Recreational Area m2 0.03
Highways m 1,650 Cropland m2 0.3 -2.1
M ajor roads m 850 Pasture m2 0.08
Regional roads m 750 Special buildings and
C onnecting  roads m 700 constructions
Access Roads m 300 Hospital m2 1,400

Railways City Haii, School m2 1,400
Singular Railways m 625 Fire, Police Station,
Multiple Railways m 7,500 Prison m2 1,560

Urban area C hurch, Abbey,
Buildings (*) m2 500 - 2,400 M onastery m2 1,400
Furniture m2 30% of (*) Museum m2 1,560
O pen  Space m2 1 Shopping c en tre m2 5,300

Industrial area Castle m2 19,500
Buildings m2 100 - 680 Gas Station o b jec t 900,000
O pen  space m2 100 W ind Mill o b jec t 687,500

Airport m2 100 W ind Turbine o b jec t 712,000
Cars o b jec t 4,500

Since there  is no inform ation on the damage behaviour o f each object a n d /o r  
because such a detailed assessm ent w ould require  a huge effort, it is n o t 
possible to  assess the m axim um  damage for each single object (M erz et al. ,
2010). Therefore, elem ents at risk are pooled  into classes, and the damage 
assessm ent is perform ed equally for each o f these classes. In the Flemish risk 
m ethodology, groups o f elem ents are m ainly based on land use classification. 
Using different data sets w ith  land use inform ation, a num ber o f land use 
classes are defined, for exam ple urban  area, industrial area, infrastructure, 
crop land, pastures, etc. (cf. Table 2-1). These classes are fu rther divided into 
various sub-classes, for exam ple 16 different classes are defined for industrial 
buildings (e .g ., chemical industry, food industry, m etallurgical industry, etc.). 
For residential housing, distinction is m ade betw een  the  value o f the  building 
(fixed asset) and the value o f the  contents (e .g ., furniture). N um erous line and 
po in t elem ents (such as roads, railroads, hospitals, telecom m unication  tow ers, 
e tc .) are added afterw ards. R eplacem ent values are subsequently assigned to  
these groups o f elem ents.

N ext, damage functions are em ployed to  determ ine the expected  damage for 
each re tu rn  period. Damage functions re la te  expected  damage for the
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respective group o f elem ents at risk  to  characteristics o f the  inundation 
(Pistrika and Jonkm an, 2010). In general, distinction is m ade betw een  
em pirical damage functions (based on historical data) and expert damage 
functions (based on expert judgm ent). W hile the fo rm er is a popular m ethod  
in the  UK and the N etherlands, the la tte r m ethod  is p referred  in G erm any and 
France (de M oei and Aerts, 2011). C urrently , Flanders em ploys expert 
damage functions, adopted  from  Vrisou van Eck et al. (1999), Van der Sande 
(2001) and Penning-Row sell et al. (200S). In the  future, how ever, it is 
planned to  m ove tow ards em pirical damage functions using damage 
inform ation from  recen t flood events. Figure 2-3 depicts several damage 
functions which are curren tly  in use in the Flemish risk approach. The graphs 

rep resen t the expected damage (as damage factor (X in percentages) for th ree 
land use classes (roads, industry and residential housing) and goods (furniture) 
as a function o f the  w ater depth. N otice the ‘flat’ stroke betw een  1 and 2 m  
for furniture. This signifies tha t be tw een  a w ater dep th  o f 1 and 2 m , no extra 
damage is expected w ith  increasing w ater depth, since m ost furn iture  is lost 
anyhow. H ow ever, once the w ater depth  exceeds 2 m , furn iture  o f the  first 
floor can be damaged as well, so the damage function increases again. All 
damage factors are equal to  1 if the w ater dep th  am ounts to  S m  or m ore.

Finally, the m axim um  damage m ap is com bined w ith  the set o f flood maps 
which results in a set o f damage m aps for each re tu rn  period. The expected 
damage D exp can be m athem atically described as follows:

D e x p  ®  *  D m a x  *  N   ̂ ^
entities

W here: / ) |imx : m axim al (potential) damage in a certain  land occupation

CU: coefficient expressing the relation between water depth
and damage (cf. Figure 2-3)

N : num ber o f entities
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Figure 2-3 Damage functions: expected  damage fo r different land use classes (roads, 
industry and residential housing) and goods (furniture) as a function of w ate r depth 
(D eckers et a/., 2 0 10)

W hile the overflow  o f dikes (i.e ., river em bankm ents or seawalls) is the m ain 
cause o f flooding in Flanders (Broekx et al., 2011), o ther flood causes are also 
exam ined, such as <>cotechnical failure or dike breaching. D ue to  the hijdi flow 
velocity in the vicinity o f a breach, damage to  built-up  areas may be m uch 
larger than in an overflow  scenario. In general, it is assum ed that flow  velocity 
generates an additional damage on top  o f the p resen t damage calculations 
based purely on w ater depth. Based on findings o f Vrisou van Eck et al. 
(1999), new  damage functions w ere developed for levels o f w ater depth  in 
com bination w ith  flow  velocity (V erw aest, 2007). These functions define a 
flow  velocity o f 3 m /s  and a w ater depth  o f 0.5  m  as thresholds for buildings 
to  collapse. Thus if bo th  thresholds are exceeded, a m axim um  damage is 
applied. O n  the Belgian coast, dime breaching is also considered.

The second phase additionally involves the calculation o f vulnerability maps 
w hich rep resen t the num ber o f expected  casualties am onç the population 
exposed to  the  flood hazard. People are especially vulnerable to  rapidly rising 
a n d /o r  flowing w ater and debris flows (Jonkm an and Pennin^-Row sell, 
2008). In the  Flemish risk-based approach, no m onetary  value is a ttribu ted  to  
hum an life. Casualties are instead calculated in p e rso n s /m 2. T hree steps are 
generally defined in these calculations (Jonkm an, 2007). The first step
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involves the assessm ent o f physical effects associated w ith  the flood, including 
the dispersion o f the effects and the ex ten t o f the  exposed area. Relevant flood 
characteristics for casualty calculations are w ater depth, the ra te  at w hich the 
flood w ater rises, and the flow  velocity. In the  second step, the  num ber of 
people exposed to  the hazard is determ ined. Jonkm an et al. (2008) has argued 
tha t in large-scale applications w ith  high population  num bers, the num ber of 
people exposed can safely be approxim ated by the reg istered  population in the 
area (the num ber o f inhabitants). W hen  a flood occurs, how ever, the  actual 
num ber o f people exposed m ight differ significantly from  the registered  
population. The num ber m ight be underestim ated  w hen large num bers of 
tourists visit the  area regularly, for exam ple in coastal areas. The num ber of 
people exposed m ight be overestim ated as well, for exam ple due to  tim ely 
evacuation o f inhabitants. A lthough steps have been taken  to  consider tou rist 
num bers and evacuation effects, it rem ains challenging to  find and em ploy 
useful data sets in this regard  (Keilens et al., 2011a). T herefore, the  Flemish 
risk m ethodology largely relies on the reg istered  population to  calculate the 
num ber o f people tha t could be exposed to  a flood hazard. In the th ird  step, 
the casualty num ber am ongst the  exposed population is estim ated using so- 
called m ortality  functions. Analogous to  the  damage functions, m ortality  
functions depict the expected percentage o f casualties given a particular flood 
characteristic, such as w ater depth, rise velocity, and flow  velocity 
(discharge). For w ater dep th  and rise velocity, values w ere taken from  the 
em pirical research w ork  o f Vrisou van Eck et al. (1999). A ccording to  their 
findings, the num ber o f casualties grow s exponentially w ith  w ater dep th  d:

d: w ater depth  in m eter 

e: m athem atical constant =  2.718 

The m ortality  f a c to r ^  reaches 1 w ith  a w ater depth  o f 6.3  m  or m ore. The

r : ra te  a t w hich w ater rises (m /h )

The condition in Equation 3 signifies tha t if r <  0 .3  m /h , no casualties are 
expected as a resu lt o f rise velocity. H ow ever, if r >  3 .0  m /h , 100%

W here ƒ'i : m ortality  factor in function o f w ater depth

(2)

expected num ber o f casualties fu rther increases linearly w ith  rise velocity r :

f r =  0 .3 7 r  -  0.11 w ith  0.3 <  r  <  3.0

W here: J T: m ortality  factor in function o f rise velocity

(3)
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m ortality  is expected  am ong the people exposed. W ith  regard  to  flow 
velocity, useful param eters w ere found in em pirical research on building 
resistance. Vrisou Van Eck et al. (1999) show ed that walls will collapse if the 
p roduct o f flow  velocity and w ater dep th  exceeds l.S  m 3/ m / s .  These 
conditions correspond to  a m ortality  o f 100%.

Risk calculations

In the th ird  and final phase, the damage and vulnerability m aps are com bined 
into econom ic flood risk  maps, which express the m ean  annual damage per 
surface per year, and into social flood risk maps, which express the m ean 
annual expected  victims. As m entioned  before, risk  com bines bo th  the 
probability o f a flood event (re tu rn  period) and its consequences (expected 
losses). C om puting the risk for any flood event implies a sum m ation o f all the 
expected  damages for the  set o f re tu rn  periods while considering probabilities 
and earlier damage calculations (in o rder to  avoid damage to  be counted 
m ultip le tim es). The risk R is m athem atically defined as follows: 

n

ß  =  ^ y ( A - A - i )  (4)
i=1

W here: Dt: damage rela ted  to  a flood event w ith  a re tu rn  period o f i
tim e (e .g ., year)

n : the  highest re tu rn  period w hich is considered

Equation 4  should be read as: the  risk is equal to  the  damage o f a flood event 
w ith  a 1-year re tu rn  period, added by half the  damage o f a flood event w ith  a 
2 -year re tu rn  period  and subtracted by the damage o f the  event w ith  a 1-year 
re tu rn  period, added by a th ird  o f the damage o f a flood event w ith  a 3-year 
re tu rn  period, etc.

2.2.2 Recent refinements

The Flemish risk-based approach has been recently  ex tended  w ith  a num ber of 
refinem ents. Am ong the m ost im portan t are (i) the inclusion o f tim e 
dependency for agriculture, and (ii) a revision o f the  land use maps.

In earlier versions o f the risk-based approach, the estim ated damage o f the 
agricultural land use categories (pastures and croplands) was entirely  based on
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w ater depth. H ow ever, as De N ocker et al. (2007) indicate, the  am ount of 
agricultural damage is m ore  dependent on the m o m en t o f a flood (i.e ., a flood 
in the w in ter will cause less damage than a flood in the sum m er ju st before 
harvesting) than on the w ater dep th  (i.e ., for m ost crops, it makes no 
difference if the w ater depth  is 20 cm or 2 m ). Therefore, new  damage 
functions for croplands and pastures w ere  developed. Based on the life cycle 
(seeding, growing, harvesting) and the relative occurrence o f the m ost 
com m on Flemish crops (D e N ocker et al., 2007), the degree o f occupation of 
the croplands was calculated for the  different m onths and for different regions 
in Flanders. This degree o f occupation is im plem ented  in the  risk 
m ethodology so the estim ated flood damage to  agriculture now  differs from  
season to  season.

A second refinem ent concerns the use o f m ore  detailed land use inform ation. 
In the original m ethodology, land use classification was based on CO RIN E 
Land C over m aps (100 x 100 m 2) and the Small Scale Land Use Map of 
Flanders (20 x 20 m 2); bo th  are based on classifications o f satellite images and 
particularly useful for small-scale applications. Inform ation about the location 
o f objects, such as special buildings and constructions, was subsequently added 
to  the land use data as an X Y -coordinate. This approach appeared useful for 
damage and risk calculations on river catchm ent level (de M oei and Aerts,
2011). In recen t years, how ever, the need to  perform  risk calculations at 
higher detail levels (e .g ., along small unnavigable brooks) has increased. N ew  
data sets m ee t this need. A t the catchm ent level, a vector-based data set 
(Biological V aluation Map o f Flanders) is now  used to  define land use classes. 
In addition, high-detailed cadastral inform ation is applied to  rep resen t the 
exact location o f the residential and industrial buildings. M oreover, special 
buildings like hospitals, schools, etc. (cf. Table 2-1) are no longer rep resen ted  
as points w ith  XY-coordinates b u t are now  rep resen ted  by the ir surface area 
based on large-scale topographical data.

2.2.3 GIS im plem entation

As Jonkm an et al. (2008) recognize, geographical inform ation is the key 
binding e lem ent in flood risk m odelling. In a GIS environm ent, various data 
sources re la ted  to  topography, land use, econom ic activities, population, etc. 
can be overlaid and analysed. A GIS is thus w ithou t doub t the best aid to 
im plem ent the  risk-based approach so tha t risk calculations can be 
operationalized.
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The Flemish risk-based m ethodology was first im plem ented by the m odel 
builder o f the  general raster-G IS IDRISI. H ow ever, this im plem entation posed 
som e disadvantages, such as (i) user-unfriendly interface, (ii) tim e-consum ing 
m odel start-up, (iii) non-effective data m anagem ent and (iv) long calculation 
tim es (as a resu lt o f the disadvantages (i) to  (iii)). It follow ed tha t the 
developm ent o f a user-friendly, tailor-m ade, effective too l for flood risk 
assessm ent was felt necessary (D eckers et al., 2010). In cooperation  w ith 
G hent University, Flanders Hydraulics Research developed a new  too l to  
answ er these needs, LATIS. Using the com puting capacity and built-in  
standard m odules o f IDRISI, LATIS allows calculating damage and risk maps 
in Flanders in an easy (the user only has to  take care o f inpu t flood hazard 
m aps), uniform  (same m ethod  and data for the  w hole te rrito ry  o f Flanders) 
and reproducib le way (data m anagem ent system  records the set o f inpu t data).

LATIS is curren tly  being em ployed by researchers a t Flanders Hydraulics 
Research and the Flemish E nvironm ent Agency (VMM) as a decision support 
too l for policy m akers and flood risk  m anagers. LATIS is also applied in the 
tw o case studies which are described hereafter.

2.2.4 Case studies

This section presents tw o case studies. A first case study involves scenario 
calculations in the catchm ent o f the Yser river. A second case study focuses on 
damage and casualty calculations along the Belgian coast. W hereas the river 
study dem onstrates the  latest refinem ents to  the  risk-based approach (being 
the inclusion o f tim e dependency for agriculture and the revised land use 
m aps), the coastal study examines the econom ic and social vulnerability in the 
coastal area due to  overflow  o f seawalls a n d /o r  dike breaching.

Flood risks in the Yser catchment

The Yser is the  only Belgian river tha t discharges in to  the N o rth  Sea on 
Belgian te rrito ry . The river finds its origin in the n o rth  o f France (close to  
Kassel), enters Belgium near H outkerque and flows into the N o rth  Sea in the 
to w n  N ieuw poort (cf. Figure 2-4). The Yser m easures 78 km  and carries 
dow n w ater from  a 1100 km 2 large basin area. A bout tw o  thirds o f its length 
and basin area are located in the Belgian province W est Flanders. O n  Belgian 
territo ry , the  Yser is a typical low -land river w ith  a very small drop: only 4  m

37



Chapter 2

over +5 km  or 0 .08  m /k m . A bout 35% o f the river basin com prises polders 
(croplands and pasture). The m unicipalities o f D iksm uide (approx. 16,000 
inhabitants) and N ieuw poort (approx. 11,000 inhabitants) m ake up the m ost 
im portan t urban  areas alonç the Yser.

N o r t h  S e a

N ie u w p o o r t

LVeurne

R isk  ra tio

H  worsening 

I stable 

I improvement

y / / / \  recently flooded areas  

I Yser catchment

20 km

Figure 2-4 Recently flooded areas and risk ratio in the Yser catchm ent. The risk 
ratio depicts th e  change in flood risk betw een the reference scenario and the 
building of pumps on the  Y ser in N ieuw poort

A w eir in N ieuw poort closes the Yser from  the N o rth  Sea tide fluctuations, 
which makes river discharge only possible at low  tide (Heylen, 1997). In the 
case o f hi^h w ater levels on the Yser, w ater can be discharged through the Lo 
canal and the canal N ieuw poort-D unkerque (indicated by ‘Canai N -D ’ in 
Figure 2-4). In the past, the  Yser has frequently  caused extensive floods in the 
w estern  part o f Flanders. In the case o f heavy and prolonged rainfall, the 
Y ser’s w ater level can increase rapidly, especially w hen the w eir in 
N ieuw poort is closed due to  hijdi sea tide. Discharge th rough  the Lo canal may 
then  n o t be sufficient (Heylen, 1997). R ecent severe floods have occurred  in 
the w in ter o f 2 0 0 2 /2 0 0 3  (D 'H aeseleer and Vanneuville, 2006). Figure 2-4 
depicts the recently  flooded areas as dashed polygons.

In 2006, Flanders Hydraulics Research was com m issioned by the D epartm ent 
o f W aterw ays and Sea Canal to  exam ine the effects o f the  installation of 
pum ps alonç the Yser (in N ieuw poort and V eurne) and o f adjustm ents alon<>
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the  Lo canal. A part from  studying the hydrological and hydraulic im pacts of 
each o f these scenarios on the Yser discharge, a tten tion  was also given to  the 
effects on flood damage and risk calculations (D 'H aeseleer and Vanneuville, 
2006). Four scenarios w ere considered (cf. Table 2-2):

reference scenario (denoted  as ‘re ference’): this is the cu rren t 
situation;
raising o f the m axim um  w ater level in the  Lo canal from  3 .SO m  
T A W 3 to  3 .70  m  TA W  (denoted  as ‘Lo canai );
construction  o f em ergency pum ps in V eurne (denoted  as 
‘Pum ps_V ’), which makes perm anen t w ater discharge in  the  Lo canal 
possible in the case o f high w ater levels on the Yser; 
construction  o f pum ps on the Yser in N ieuw poort (denoted  as 
‘Pum ps_N ’), so tha t w ater discharge from  the Yser can be assured, 
even if the w eir is closed during high sea tide.

Flood risks w ere calculated from  a set o f damage m aps w ith  different re tu rn  
periods (1, 2, 5, 10, 25, 50 and 100 years). Table 2-2 shows the estim ated 
flood risks for each o f the  scenarios per sum m er half year (1 April — 1 
O ctober) and p er w in ter half year (1 O ctober — 1 April) for different land use 
classes. The ‘ra tio ’-value depicts the risk change as com pared to  the  reference 
scenario. A pparently, only the scenario w ith  the construction  o f pum ps in 
N ieuw poort results in a relatively significant risk reduction  o f 8 .4  % in 
sum m er and 6.2 %  in w inter. Figure 2-4 shows the geographical location of 
this risk reduction . G reen pixels rep resen t an im provem ent or reduction  of 
the flood risk, red  pixels rep resen t a w orsening o f the risk. A part from  
depicting the risk ratio, the m ap also shows tha t m ost o f the flood risk is 
expected  to  occur upstream  from  Diksm uide along a num ber o f tributaries of 
the Yser. As Table 2-2 indicates, these areas are m ainly occupied by croplands 
and pastures. Both land use classes rep resen t about 83%  o f the flood risk in 
the sum m er half year. H ow ever, their contribu tion  to  the to tal risk drops to 
about 21 % in the w in ter half year. Since the sum m er m onths are crucial for 
crops and their life cycle (cf. Section 2 .2), the losses caused by flooded 
cropland are m uch larger in sum m er than in w in ter (factor 6). For pasture, 
the differences are even bigger. This can be explained by the cutting regim e of 
hay, w hich am ounts to  about five cutting tu rns betw een  April and O ctober,

3 T A W  is a D u tc h  a b b rev ia tio n  fo r  “T w e e d e  A lg em en e  W a te rp a s s in g ”. A n a ltitu d e  o f  0  m  
T A W  c o rre sp o n d s  to  th e  average  lo w  sp ring  tid e  level a t O o s te n d e .
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b u t none in the  w in ter m onths. C onsequently, flooded pasture does n o t entail 
econom ic damage during this season (D e N ocker et al., 2007).

N otew orthy  is tha t the  same set o f flood hazard m aps w ere used in bo th  
sum m er and w in ter scenario. An equal chance o f flooding is thus assum ed 
betw een  sum m er and w in ter flooding. In Belgium, average precip itation  
num bers are effectively similar be tw een  the sum m er and w in ter half year 
(411.3  m m  versus 441.1 m m  respectively), though analysis o f tim e series over 
100 years show ed tha t there  is a tren d  tow ards m ore  ex trem e rain showers in 
the w in ter (N tegeka and W illem s, 2008). In addition, the w in ter implies a 
higher probability o f storm  at sea w hich subsequently lim its the discharge 
possibilities o f the Yser.

Table 2-2 Estimated flood risk (in thousands of Euros per half year) in sum m er half 
year and in w inter half year

Reference Lo canal Pumps_V Pumps_N
Land use S W S W S W S W
Roads and railways 45.0 45.0 43.5 43.5 44.5 44.5 40.0 40.0
U rban area  (buildings) 3.2 3.2 3.1 3.1 3.1 3.1 3.0 3.0
Urban area  (open space) 1 1.5 1 1.5 1 1.4 1 1.4 1 1.4 1 1.4 10.8 10.8
Industrial area (buildings) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Industrial area (open
space) 17.5 17.5 17.0 17.0 17.5 17.5 16.0 16.0
C ropland 257.5 42.5 250.0 41.0 256.0 42.5 233.0 38.5
Pasture 510.0 0.0 503.5 0.0 507.5 0.0 466.0 0.0
W ind tu rb ine 74.0 74.0 73.0 73.0 74.0 74.0 73.0 73.0
Total 918.6 193.6 901.4 188.9 914.0 193.0 841.8 181.3
Ratio (%) 100 100 98.1 97.9 99.5 99.7 91.6 93.8

S = Summer; W  = W in te r

Table 2-3 shows the flood risk estim ations for the Yser catchm ent based on 
tw o different land use maps, nam ely the ‘o ld ’ land use m ap based on small- 
scale inform ation (CO RIN E Land C over and the Small Scale Land Use Map of 
Elanders), and the ‘n ew ’ land use m ap based on high-detailed vector 
inform ation (Biological V aluation Map o f Elanders and cadastral data; cf. 
Section 2 .2). Average annual damage values w ere  used for agriculture.

Just as in the previous risk calculations (cf. Table 2-2), the  installation of 
pum ps in N ieuw poort is deno ted  as the best scenario. The risk im provem ent 
am ounts to  about 8% w ith  the ‘n ew ’ land use m ap and over 10% w ith  the 
‘o ld ’ land use m ap. The largest differences betw een  b o th  land use m aps are
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observed for the roads and railways. The reduction  o f 75 %  o f the  flood risk 
w ith  the new  land use m aps can be attribu ted  to  a d ifferent road classification. 
W hereas 30 types o f roads w ere distinguished in the old land use data (i.e ., 
T O P50v), the num ber o f types was lim ited to  five in the new  land use data 
(i.e ., N A V Street). A lthough the reclassification o f road types was based on a 
‘best fit’ for Flanders, disparities are possible in areas w ith  an 
overrepresen tation  o f a certain  road type. N ext, an increase in flood risk for 
cropland is observed in the  new  land use data. This seems com plem entary 
w ith  the decrease in flood risk for open space. The high detail-level o f the 
cadastral inform ation allows a b e tte r  differentiation betw een  open space area 
and cropland and pasture. The rem aining classes do n o t differ significantly 
betw een  b o th  data sets. All together, there  is a flood risk reduction  o f about 
20 %  w ith  the new  land use data, com pared to  the old data.

Table 2-3 Estimated flood risk (in thousands of Euros per year) according to  the 
old and the  new  land use data se t

Reference Lo canal Pumps_V Pumps_N
Land use Old N ew Old N ew Old N ew Old N ew
Roads and railways 338 90 332 87 337 89 319 80
U rban area  (buildings) 8.5 6.3 8.4 6.1 8.5 6.2 7.9 5.9
U rban area  (open space) 32.3 22.9 32.1 22.7 32.1 22.8 26.9 21.6
Industrial area (buildings) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Industrial area (open
space) 75.2 34.5 74.6 34.2 74.7 34.5 23.4 31.7
C ropland 264 297 259 288 263 295 246 269
Pasture 502 510 495 504 500 508 458 466
W ind tu rb ine 148 148 146 146 148 148 146 146
Total 1368 1 108 1348 1088 1362 1 103 1227 1020
Ratio (%) 100 100 98.5 98.2 99.6 99.5 89.7 92.1

Tw o conclusions can be draw n from  this case study. First, the  scenario w ith 
the installation o f pum ps in N ieuw poort has show n to  be the best scenario in 
term s o f flood risk reduction . Obviously, o ther aspects — e .g ., environm ental, 
social and technical constraints — will have to  be considered in the decision­
m aking process. To this end, techniques such as a m ulti-criteria  analysis can be 
em ployed (Costa et al., 2004). Second, the  case study has dem onstrated  the 
im portance o f em ploying risk values in a relative way. M ethodological 
refinem ents such as the  inclusion o f tim e dependency for agriculture and the 
revision o f land use m aps can have m ajor effects on absolute flood risk values, 
although the case study show ed m inor changes at the relative level.
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Impact o f storm surges on the Belgian coast

The Belgian coast is located on the Southern Bight o f the  N o rth  Sea and is 
characterized by an artificial linear coastline, which alternates dunes, harbours 
and urbanization. The relatively small coastal area is the  setting for a num ber 
o f widely divergent hum an activities, resulting in a high concentration  as well 
as a com plex spatial intertw ining o f functions, such as tourism , industry, 
fisheries and agriculture (Belpaeme and Konings, 2004). O verall, over 
200 ,000  people reside in the coastal area. D uring sum m er holidays, this 
num ber is doubled by residential tourists (G unst et al. , 2008).

The Belgian coast is p ro tec ted  against flooding from  the  sea by natural and 
artificial defence elem ents. N atural elem ents are dimes, sandbanks and 
beaches w hich form  a p ro tective be lt o f a few  hundred  m eters to  several 
kilom etres w ide and up to  30 m eters high. In addition, several places — 
particularly the harbours and the urbanized areas — are p ro tec ted  by artificial 
coastal defence techniques, such as groynes and seawalls. Hence, m ore  than 
half the  Belgian coastline is p ro tec ted  by one or several m anm ade 
reinforcem ents. W ith o u t these artificial reinforcem ents, m ajor parts o f coastal 
area and the low-lying polders w ould  easily inundate, even by a yearly storm .

R ecent studies have been com m enced to  im prove the coastal safety, thereby 
considering the effects o f the  clim ate change and the subsequent sea level rise 
for the N o rth  Sea reg ion  up to  the  year 2050. Together, these studies form  
the M aster Plan for Coastal Safety (MPCS; Agency for M aritim e and Coastal 
Services). Analogous to  river floods, risk calculations are em ployed to  
m easure the possible effects o f a severe storm  surge on the coastal area 
(M ertens et al., 2010). W hereas the  re tu rn  period o f the Flemish rivers are in 
the o rder o f 1 to  100 years, it is relevant to  take m uch sm aller probabilities 
into account w ith  regard  to  coastal flood risks. H ow ever, relatively little  
reliable scientific know ledge exists about such super storm  surges. Flood risk 
calculations in the  fram e o f the  MPCS are therefo re  perform ed w ith  an 
alternative, probabilistic risk form ula tha t is based on the  w eighted average of 
a num ber o f sto rm  events (V erw aest et al., 2008).

As described in Section 2 .1 .2 , a num ber o f context-specific aspects are 
considered in the com putation  o f coastal flood risk calculations (both  damage 
and casualties), such as overflow , (dike) breaching and flow  velocities. Table
2-4 gives an overview  o f the o u tp u t o f these calculations for the th ree  m ajor 
coastal areas (cf. Figure 2-5 or Figure 2-6 for their location). W ith  regard  to  
the specific location o f the flood ‘source’, four types are considered:
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type A: on the seawall as a re su lt o f w ater overflow  a n d /o r  breaches; 
type B: in the flooded in terio r as a resu lt o f w ater overflow  a n d /o r  
breaches in the seawall near coastal m unicipalities and villages; 
type C: in the  flooded in terio r as a resu lt o f w ater overflow  a n d /o r  
breaches in harbours (only relevant for the  m unicipalities of 
N ieuw poort, Blankenberge and Zeebrugge) ;
type D: in the flooded in terio r as a resu lt o f w ater overflow  a n d /o r  
breaches in the city o f O ostende (on the seawall or in the  h a rb o u r).4

Table 2-4 Damage and casualty risks fo r the  Belgian coast

Coast
(in

Dam age risks 
100,000 Euros per year)

Casualty risks 
(in numbers per year)

A B C D T ot. A B c D T ot.
W e s t 0.03 0.00 12.76 - 12.79 0.03 0.00 0.17 - 0.20

0.20 0.03 99.77 - 100 16.74 0.06 83.19 - 100

Middle 0.28 1.79 0.00 162.1
1

164.1
9 0.93 0.00 0.00 0.90 1.83

0.17 1.09 0.00 98.73 100 50.64 0.12 0.00 49.23 100
East 0.01 0.09 73.84 - 73.95 0.03 0.00 0.61 - 0.64

0.02 0.12 99.86 - 100 4.85 0.00 95.15 - 100

Totals 0.32 1.89 86.61 162.1
1

250.9
3 0.99 0.00 0.77 0.90 2.67

0.13 0.75 34.51 64.60 100 37.13 0.09 29.04 33.74 100
Percentages are in italic

From  Table 2-4, it follows tha t the m ain flood sources for econom ic damage 
are O ostende (type D) and the harbours (type C). T ogether, these types 
rep resen t over 99%  o f the  to ta l damage risk tha t is expected in the case o f a 
severe storm  surge. Expressed in absolute num bers, coastal flooding may 
cause a to ta l econom ic damage o f 25 m illion Euros p er year in the coastal 
area. The M iddle coast clearly runs the largest risk w ith  about 16 m illion 
Euros per year (65% ), in which O ostende has an ex trem ely  large share (99% ). 
The East coast and the W est coast respectively account for 7 .4  and 1.3 m illion 
Euros (or 30% and 5% ) to  the  annual damage risk. The m ap in Figure 2-5 
depicts the areas along the coastline w ith  a high econom ic vulnerability (that 
is, the  to tal econom ic damage in these areas exceeds 90%  o f the total 
econom ic damage on the Belgian coast). M ost vulnerable areas are clearly the

4 T h e  d efin itio n  o f  flo o d  so u rce  ty p e  D  is th e  re su lt  o f  p rev io u s  stud ies in  w h ich  th e  c ity  o f  
O o s te n d e  w as sep ara te ly  ex am in ed .
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agglom eration o f O o s te n d e /Bredene, M iddelkerke (which is flooded from  the 
harbour o f N ieuw poort), B lankenber^e and Zeebruççe.

B lan k en b e rg e  Z e e b ru g g e
Wenduine

K nokke-H eist
B redene De H aan

N ieuw poort

K oksijde

De P an n e

H igh e c o n o m ic  v u ln era b ility  

M axim um  w a te r d ep th  [m]
I l< 1 
M  1 -2 
■  >

0 2 4 SIr ' ■ ■ i i ■ ■ i

Figure 2-5 Indication of areas with a high econom ic vulnerability on the  Belgian 
coast

A slightly different image is found for the  casualty risks (cf. Table 2-4). Three 
flood source types are nearly equally im portan t, nam ely flooding on the 
seawall due to  overflow  o r dike breaching (type A; 37.1% ), flooding in 
harbours (type C; 29% ) and flooding in O ostende (type D; 33.7% ). The large 
share by flood source type A is n o t surprising, (liven that the  population 
density is p rom inen t in the  m any apartm ent buildings that are located directly 
on the seawall. Analogous to  Figure 2-5, Figure 2-6 shows the areas in the 
coastal area w ith  a high social vulnerability (that is, the  to ta l num ber of 
casualties in these areas exceeds 90%  o f the to ta l num ber o f casualties on the 
Belgian coast). N otice the small line along the coastline w hich represen ts flood 
type A. The m ap fu rther indicates that particularly the  centres o f O ostende 
and Bredene and the villages o f W enduine and M iddelkerke account for the 
m ost casualty num bers.

44



Flood risk management in Flanders

Z eeb ru g g eB lankenberge
Wenduine

Knokke-H eist
B redene

O o sten d e

N ieuw poort

K oksijde

De Panne
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Figure 2-6 Indication of areas with a high social vulnerability on the  Belgian coast

To conclude, it is clear from  the above case study that som e parts o f the 
Belgian coast are m ore  vulnerable to  flooding than others. The risk 
calculations show ed that in the case o f a m ajor storm , particularly O ostende 
may suffer from  large econom ic damages as w ell as casualties. O ther 
vulnerable locations are the  harbours (N ieuw poort, Blankenberge and 
Zeebrugge; econom ic damage) and W enduine (casualties). Based on these — 
and m ore  in -depth  — findings, the M aster Plan for Coastal Safety has 
concluded that about one-th ird  o f the  Belgian coast is insufficiently p ro tec ted  
against a 1,000-year flood. These locations will be prioritized in the fu tu re  for 
additional defence m easures, such as beach nourishm ent and dike heightening 
(M ertens 2010).

2.3 Future challenges

This section discusses the m ain challenges Flanders faces regarding the 
im plem entation o f the European Floods D irective and the  silent yet im portan t 
call to  com m unicate flood risks to  the  public.

2 .3 .1 European Floods Directive

The European Floods D irective (FD) aims to  reduce and m anage the flood 
rela ted  adverse consequences for hum an health, the environm ent, cultural 
heritage and econom ic activities. It therefore  im poses on the European 
M em ber States that they should produce flood risk m anagem ent plans by the

45



Chapter 2

end o f 201S. These plans have to  be preceded by producing a prelim inary 
flood risk assessm ent by the end o f 2011 and by producing flood hazard maps 
and flood risk m aps by the end o f 2013. A fter 2015, the flood risk 
m anagem ent plans have to  be updated  every six years. The FD can be 
regarded as an extension to  the European W ater F ram ew ork D irective (W FD, 
2 0 0 0 /6 0 /E C ), which had a prim ary focus on the developm ent o f river basin 
m anagem ent plans to  achieve a good ecological and chemical status.

W ith in  the FD, flood risk  m anagem ent should concentrate  on prevention, 
p ro tec tion  and preparedness. These com ponents correspond w ith  tw o o f the 
four com ponents o f the em ergency m anagem ent cycle (FEMA, 2003), being 
prevention-m itigation  (w here p ro tec tion  can be seen as an equivalent o f 
m itigation) and preparedness. Preventive actions to  reduce flood probability 
can be spatial planning m easures (e .g ., no new  hum an settlem ents w ithin 
flood-prone areas) o r the  building o f em bankm ents as coastal defence 
m easures. Preparedness can include risk  com m unication for aw areness raising, 
em ergency planning and early w arning. The tw o o ther com ponents o f this 
em ergency m anagem ent cycle are response (e .g ., crisis com m unication) and 
recovery (e .g ., insurance paym ents for rebuilding). A lthough the directive n o t 
literally requires tha t flood risk m anagem ent plans focus on response, the 
directive dem ands tha t results are m ade available to  the  public. M oreover, 
active involvem ent o f in terested  parties should be encouraged by the M em ber 
States w hen producing, review ing and updating the flood risk m anagem ent 
plans. This can be in te rp re ted  as a dem and for m ore  com m unication tow ards 
stakeholders (e.g ., H agem eier-K lose and W agner, 2009; van A lphen et al., 
2009) and a dem and for m ore  flood risk m anagem ent participation from  
citizens (e .g ., W hite  et al., 2010).

Implementation o f the Floods Directive in Flanders

Flanders faces tw o m ain challenges regarding the im plem entation  o f the FD: 
(i) the  incorporation  and quantification o f intangible damage effects (health 
effects, environm ental effects, cultural heritage); and (ii) the  inclusion of 
o ther than river and sea-borne types o f floods.

The cu rren t Flemish risk-based approach focuses on the tangible losses from  
flooding, being econom ic damage and casualty num bers. H ow ever, the FD 
requires tha t a tten tion  is also given to  the assessm ent o f health  effects, 
environm ental effects and effects on cultural heritage o f flooding. These
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aspects have been taken into account for a social cost-benefit analysis in the 
Flemish Sigma plan (Broekx et al., 2011), bu t n o t in a quantitative way. The 
m easurem ent o f these intangible effects will be a first challenge for Flanders. 
As M ostert and Junier (2009) already indicated, there  exists very little  
experience about expressing these effects as quantitative m easures. Research 
on health  effects due to  floods focuses mainly on the consequences o f the 
overflow  o f sewage netw orks. These overflow s resu lt in an increase of 
bacteria, which can be assessed quantitatively (e.g ., Karrasch et al., 2009; ten  
Veldhuis et al., 2010). Social studies on health  effects are generally assessed 
qualitatively by questionnaires (e .g ., Tapsell et al., 2002; Tunstall et al., 
2006). Flood related  environm ental effects are n o t w ell studied, except for 
m any regional environm ental im pact assessments (M ostert and Junier, 2009). 
Floods im ply changes in w ater quality due to  higher concentrations o f heavy 
m etals, biogenic elem ents and pesticides, resulting in a disturbance of 
vegetation cover and fauna (Istom ina et al., 200S). Flood effects on cultural 
heritage are in a way com parable to  econom ic damage to  buildings. H ow ever, 
damaged historic buildings or cultural heritage sites will never be com parable 
to  the  original situation. The first challenge is thus tw ofold: firstly, the 
quantification o f the  effects has to  be achieved; secondly, these quantified 
effects have to  be com bined w ith  the tangible losses from  flooding. A possible 
way o f com bining these effects is a m ulti-criteria  analysis. O n-going projects, 
such as the FloodResilientC ity (FRC) project, are m aking a ttem pts tow ards an 
in tegrated  approach o f all effects (see w w w .floodresiliencity .eu).

The second challenge o f the  flood-approach is the incorporation  o f o ther types 
o f floods than curren tly  is the  case. The FD (art. 2) defines a flood as ‘a 
tem porary  covering by w ater o f land n o t norm ally covered by w ater. This 
includes floods from  rivers, m ountain  to rren ts , M editerranean ephem eral 
w ater courses, and floods from  the sea in coastal areas, and may exclude 
floods from  sewage system s.’ The cu rren t Flemish risk-based approach only 
takes into account river and sea-borne floods, while floods due to  to rren tia l 
rainfall or high ground w ater levels are also relevant (e .g ., Kreibich et al., 
2009). Since hydrodynam ic m odels are n o t (yet) available for these flood 
types, a pragm atic m ethod  will be first applied to  incorporate these floods. A 
useful docum ent in this regard  will be the m ap w ith  recently  flooded areas in 
Flanders, w hich is constantly updated  by the Flemish A uthorities.
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The Flemish situation in the European landscape

C om pared w ith  o ther EU countries, Flanders decided n o t to  execute a 
prelim inary flood risk assessm ent b u t to  m ake the flood hazard and flood risk 
m aps im m ediately. This strategy is also partly  pursued by a num ber of 
neighbouring countries. Flanders particularly distinguishes itself from  other 
European regions in the  sense tha t it is integrating FD and W FD  as from  the 
first generation o f river basin m anagem ent plans (2009). The deadline for the 
flood risk m anagem ent plans (FD) and the second generation o f river basin 
m anagem ent plans (W FD ) is the same (2 0 IS). As such, Flanders is preparing 
one in tegrated  plan suitable for b o th  directives.

2.3.2 T ow ards active flood risk comm unication?

As m entioned  earlier, the  EU Floods D irective obliges the European countries 
to  m ake their flood risk m anagem ent plans available and accessible to  the 
general public. W hile the D irective thus p rom otes passive com m unication, 
several researchers have in te rp re ted  this obligation as a first step tow ards 
active risk  com m unication to  the public (de M oei et al., 2009; Hagem eier- 
Klose and W agner, 2009).

C om m unicating flood risks to  the public in a refined and understandable way 
m ay be crucial for a num ber o f reasons (Rowan, 1991): (i) building tru s t in 
the com m unicator, (ii) raising awareness (e .g ., o f a potential flood hazard), 
(iii) educating, (iv) reaching agreem ent (e .g ., on a particular strategy or 
investm ent plan) and (v) m otivating action (e.g ., precautionary m easures 
against flooding o f residence). Several researchers (e .g ., C orreia et al., 1998; 
Bell and Tobin, 2007; H agem eier-K lose and W agner, 2009) have emphasized 
the ro le  o f flood risk  com m unication to  strengthen  peop le’s risk awareness 
and to  m otivate the population at risk to  take preventive actions and to  be 
prepared  for an em ergency case. K now ledge o f the peop le’s perceptions, 
preferences and needs may be essential to  com e to  an effective risk 
com m unication (e .g ., Keller et al., 2006; Bell and Tobin, 2007; Keilens et al., 
2011b).

The recen t years have w itnessed a rem arkable g row th  in the num ber o f studies 
tha t have (at least partially) considered flood risk com m unication, for exam ple 
COM RISK (2001-2005; Kaiser and W itzki, 2004), SafeCoast (2005-2008; 
K nolle et al., 2007) and FFO O D site (2004-2009; Raaijmakers et al., 2008). In 
addition, research netw orks such as CRUE ERA -net (Schanze et a l., 2008) and
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C apH az-net (H öppner et al., 2010) have emphasized the ro le  o f risk 
com m unication in the con tex t o f flood hazards. A specific group o f projects 
(e .g ., EXCIMAP, RISKCATCH) has also exam ined how  m aps can be 
em ployed to  com m unicate flood risks to  the public. Because o f their visual 
im pact, flood m aps are seen as ideal instrum ents to  inform  the general public 
about flood hazards and flood risks and strengthen  peop le’s risk awareness 
(EXCIMAP, 2007; Spachinger et al., 2008). M oreover, the use o f flood maps 
is also encouraged by the EU Floods D irective as a basis for flood risk 
m anagem ent (de M oei et al., 2009).

A t present, Flanders lacks a large-scale active com m unication program  
regarding flood risks. The authorities som etim es dissem inate flood (risk) 
re la ted  inform ation via rep o rts  and leaflets, though these are m ostly  lim ited in 
edition and in spatial spread. Passive com m unication is realized through the 
availability o f w eb m aps w ith  flood inform ation. For river floods, web maps 
exist for bo th  navigable and non-navigable w aterw ays, providing actual 
inform ation on w ater levels, w ater discharge and precip itation (cf. 
w w w .w a te rs tan d en .b e ;w w w .overstrom ingsvoorspeller.be). For several river 
basins, a 48-hour forecast can be consulted. As for coastal floods, no web 
m aps are available to  the  public yet. Instead, Strategic Environm ental 
A ssessm ent (SEA) plans can be consulted by the public. These com prehensive 
plans contain inform ation on various aspects o f the m easures tha t will be taken 
to  reduce the flood risk. In addition, the first steps tow ards a participatory 
approach are being taken. This approach involves the organization o f several 
w orkshops in which different aspects o f the flood risk m anagem ent planning 
are explained to  the  participants. To date, these participants are mainly 
professionals, b u t it is in tended to  involve the public in the  fu tu re  as well.

Flanders faces a num ber o f challenges regarding active flood risk 
com m unication. First, it will need to  fu rther stim ulate peop le’s in terest in 
flood related  inform ation, so tha t people are ‘open ’ to  it. Then, the 
com m unication will have to  be delivered in a way tha t is understood . Keller et 
al. (2006) m en tion  the problem  for people o f correctly  in terp reting  risks w ith 
low  probabilities b u t high consequences, such as flood disasters. Slovic (1987) 
show ed tha t people care m ore  about the  num ber o f people tha t is exposed to  
threats and the familiarity they have w ith  the th rea t (experience), than paying 
a tten tion  to  statistical probabilities. The com m unication will fu rther have to  
address the heterogeneity  o f the  public (M artens et al., 2009), foster m utual 
understanding and m ediate betw een  different views (H öppner et al., 2010). It 
w ill also be a challenge to  deal w ith  uncertain ty  w hich is inheren t to  risk
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assessm ent (M ostert and Junier, 2009; W hite  et al., 2010). Finally, the 
com m unication will have to  be specific ra ther than generic, which m eans that 
com m unication should be adjusted to  the specific needs o f the  people (Renn,
200S).

2.4 Conclusion

This chapter p resen ted  the state o f the a rt o f the Flemish risk-based approach 
regarding flood hazards. It show ed tha t the cu rren t m ethodology is elaborate 
in the  con tex t o f econom ic damage assessm ent and casualty calculations. 
R ecent adjustm ents w ith  regard  to  agriculture and land use have further 
im proved the m ethodology. Tw o case studies dem onstrated  the usefulness of 
the m ethodology to  support the decision-m aking process in choosing the best 
m easures (cf. Yser study) or focus on the m ost vulnerable parts o f a region (cf. 
coastal study). Both case studies fu rther showed the m ajor s trength  o f the risk- 
based approach. As long as the  approach is applied in a uniform  way, relative 
values (percentages) provide reliable inform ation to  judge different situations 
and solutions. The detail level o f the  data plays a subordinate ro le  in this 
regard  (Apel et al., 2009). O n  the contrary, absolute risk  estim ations should 
always be trea ted  w ith  certain  circum spection, since they largely depend on 
the data and m ethodology tha t is em ployed.

D espite the qualities o f the  cu rren t Flemish risk-based approach, this chapter 
also dem onstrated  that there  is still considerable w ork  to  do. Tw o m ain 
challenges follow  from  the requ irem ents o f the  European Floods D irective, 
nam ely the incorporation  and quantification o f intangible damage effects 
(health effects, environm ental effects and loss o f cultural heritage) and the 
inclusion o f o ther than river and sea-borne types o f floods. The first challenge 
involves the developm ent o f a m ethodology to  quantify intangible effects and 
to  consequently com bine them  w ith  tangible effects using m ulti-criteria  
analyses. The second challenge is in essence a dem and for additional 
hydrodynam ic m odels w hich are able to  m odel o ther types o f floods, such as 
rainfall and g roundw ater induced floods. O nce these m odels are set, it will be 
a m inor task to  incorporate  them  into the risk m ethodology.

A lthough the European Floods D irective prim arily focuses on the prevention- 
m itigation-preparedness aspects o f the  hazard life cycle, there  exists a general 
call for m ore  a tten tion  to  response and recovery, as w ell as to  flood risk 
com m unication. W hereas the Floods D irective requires flood risk 
m anagem ent plans to  be available to  the public, m ore  active flood risk
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com m unication is suggested by several researchers. This chapter show ed that
this aspect is underexposed in Flanders, though the first steps have been taken
in tha t direction.
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T O U R I S M :  
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D Y N A M I C S  O N  C A S U A L T Y  
C A L C U L A T I O N S

M odified from : Keilens, W., Neutens, T., Deckers, P., Reyns, J ., De Maeyer, P., 
2011. Coastal Jlood risks and seasonal tourism: Analysing the ejjects o j tourism 
dynamics on casualty calculations. Natural Hazards (in press - doi: 1 0 .1007 / s i  1069-
011-9905-6)

A b s t r a c t

Since coastal tourism  is one o f the fastest grow ing sectors o f tourism  industry, 
coastal areas have becom e increasingly vulnerable in the  case o f flooding. 
W hile in recen t years a num ber o f different m ethods have been  p u t forw ard to  
m ap coastal flood risks, the im plications o f tourism  dynamics for the 
assessm ent o f hum an casualties has rem ained largely overlooked in these 
m odels. This chapter examines to  w hat ex ten t the ignorance o f (residential) 
coastal tourism  may bias the calculations o f hum an casualties. To this end, a 
case study has been conducted on the Belgian coast. Both the dynam ic nature  
o f coastal tourism  and the behaviour o f residential tourists in storm  surge 
scenarios are considered. The results o f this study show  tha t including tourism  
dynamics in flood risk m anagem ent is justified and appropriate, depending on 
the tou ris t attractiveness o f the flood-prone area and its tem poral fluctuations.
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3.1 Introduction

Coastal tourism  is w idely regarded  as one o f the fastest grow ing areas o f the 
w o rld ’s tourism  industry (M iller, 1993; Haii, 2001). All over the w orld, 
coastal areas are developing rapidly and are attracting  m o re  and m ore  tourists 
each year. The harm ful im pacts o f coastal tourism  on coastal environm ents 
have been  discussed in dep th  in the  academ ic lite ra tu re  (e .g ., Bellan and 
Bellan-Santini, 2001; Burak et al., 2004). H ow ever, the g row th  o f the coastal 
tourism  industry also generates challenges regarding clim ate change, sea level 
rise and flood risks: the m ore  tourists in a coastal area, the higher the  adverse 
consequences o f a coastal flood. Coastal tourism  can greatly influence the 
num ber o f people exposed to  a coastal flood hazard and consequently the 
num ber o f fatalities or societal flood risk (Jonkm an et al., 2008). M oreover, 
several authors have suggested tha t tourists are m ore  vulnerable than locals in 
disaster situations, because they are less independent and less familiar w ith  
local hazards and the resources tha t can be relied  on to  avoid risk (Burby and 
W agner, 1996; Faulkner, 2001). N onetheless, the effects o f tourism  have only 
scarcely been studied in coastal flood risk m anagem ent. T raditional studies 
generally use fixed population  data in their estim ates o f casualty num bers, bu t 
rarely account for effects o f population  dynamics such as tourism  (Lentz,
2006).

Tw o data issues may be a t the basis o f this deficiency. Firstly, detailed 
spatiotem poral data are necessary to  m ap ou t tourism  fluctuations. Coastal 
tourism  is a seasonal phenom enon, w ith  variations according to  climate, 
holiday seasons and seasonal traditions (Ahas et al., 2007). The largest seasonal 
fluctuations are observed in tou ris t regions specialized in either w in ter or 
sum m er tourism . H ow ever, tourism  dynamics may also fluctuate on a daily 
basis, for exam ple due to  the  w eather conditions, day o f the  w eek (weekday 
vs. w eekend) and holidays. Secondly, there  is a lack o f tools to  analyse tou rist 
behaviour regarding storm  and flood conditions. Research on tourism  
dynamics and tou ris t behaviour in the con tex t o f coastal flood risk 
m anagem ent is lim ited to  date.

This chapter addresses b o th  issues by using detailed tou rist census data to 
analyse the tourism  dynamics on flood risk  assessm ent in a case study on the 
Belgian coast. The m ain research question deals w ith  the potential effects o f 
these tourism  dynamics on flood casualty calculations. H ow  can w e m easure 
these effects and how  should w e in te rp re t these? Using a GIS m odel endorsed 
by the Flemish governm ent (D eckers et al., 2010), casualty calculations are
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perform ed w ith  tou ris t census data as input. An additional research objective 
addresses the expected  behaviour o f tourists in storm  surge conditions. Are 
tourists inclined to  continue their holiday plans or are they frightened by the 
potentially  adverse effects o f storm s? Survey data are applied to  answ er this 
question. O utcom es are in te rp re ted  in a qualitative way, and consequences 
regarding casualty calculations are discussed.

3.2 Background

3 .2 .1 Societal risk and people a t risk

W ith in  the quantification o f risks to  people, results are generally expressed by 
individual risk  a n d /o r  societal risk. Individual risk refers to  the probability 
tha t an average, u np ro tec ted  person  is killed at a certain  location, w hereas the 
societal risk refers to  the  probability tha t a num ber o f people o f a given 
population  are killed due to  one event (Jonkm an et al., 2003). W hile the 
fo rm er approach is com m on practice in technical hazards (e.g ., the  dispersion 
o f toxic gasses, fire, nuclear waste, etc .), the  la tte r is m ore  apposite to  natural 
hazards such as floods and earthquakes. The estim ation o f the societal risk 
generally includes th ree  phases (Jonkm an, 2007):

1. The assessm ent of physical effects associated w ith  the hazard, 
including the dispersion o f the effects and the ex ten t o f the exposed 
area;

2. The determ ination  o f the num ber o f people in the  exposed area;
3. The estim ation o f the  m ortality  and casualty num ber am ong the 

exposed population.

W hile phase 1 and phase 3 are strongly linked to  engineering m odels, phase 2 
is principally a spatiotem poral problem . The m ain focus in this phase is to  find 
ou t who is exposed to  a hazard, considering population dynamics. In 
literature, a distinction is often  m ade betw een  the concepts o f registered  
population, people at risk and exposed population (Lentz and Rackwitz, 
2004). The reg istered  population  Npop are those people tha t are reg istered  in 
the m unicipal. All individuals p resen t in an exposed area are indicated as 
people a t risk, often  denoted  as NPAR. The actually exposed population NEXP 
refers to  all individuals tha t are exposed to  the  physical effects o f the disaster. 
In o rder to  estim ate the population  at risk (N PAR), Lentz (2006) has identified 
th ree  approaches: (i) the  distribution-based approach, (ii) the  object-based 
approach and (iii) the conditional distribution-based approach. The
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distribution-based approach relies on the reg istered  population N pop o f a given 
area d istributed over different buildings and locations as a function o f tim e. 
This approach is usually applied for large-scale events, such as earthquakes or 
floods (Jonkm an et al., 2003). The object-based approach consists o f counting 
all persons entering and leaving a building. Presence fractions can be defined 
to  estim ate the  num ber o f people in vulnerable buildings or locations (e.g ., 
M athijsen, 2003). The conditional distribution-based approach is a m eans of 
applying the distribution-based approach to  single objects or groups o f similar 
objects in an effective way w ithou t requiring  additional data collection (as 
opposed to  the object-based approach). Since the focus o f this study is a large- 
scale flood event, the distribution-based approach is em ployed.

Jonkm an et al. (2008) have argued tha t in large-scale applications w ith  high 
population num bers, NPAR can safely be approxim ated by the registered  
population in the area Npop. In m any cases, how ever, it m ight be essential to  
consider population  dynamics to  avoid crude over- or underestim ations o f the 
flood im pact. The num ber o f people at risk m ight, for exam ple, be 
considerably sm aller than the reg istered  population w hen a p art o f this 
population is w orking outside the exposed area. Conversely, NPAR m ight be 
larger w hen large num bers o f tourists visit the  area regularly. The effect o f 
tim e on NPAR is realized at th ree  different levels (Lentz, 2006): tim e o f day 
(i.e ., working, sleeping, leisure tim es), day o f the  w eek (w ork ing /w eekend  
day) and season.

W hile fluctuations at the  level o f daytim e have been studied in p rio r risk 
assessm ent studies (e.g ., M cPherson et al., 2004; Ahola et al., 2007), the 
effects o f tourism  fluctuations w hich prim arily occur a t the  level o f day o f the 
w eek and seasons have garnered far less a tten tion . Therefore, the p resen t 
study will explicitly focus on the effects o f seasonal and day-to-day variations 
in tou ris t dynamics on coastal flood risk assessment. W e will use N RT to  
denote  the  tim e-dependen t num ber o f residential tourists on the Flemish 
coast. Assuming Npop constant over the timescales considered, the  population 
at risk NPAR can then  be form ulated  by:

N p A R  (0 =  N p 0 p ( c )  +  N R T ( t )  ( 1)

In this chapter, w e will seek to  account for this adjusted, tim e-varying num ber 
o f people at risk.
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3.2.2 Coastal tourism , dynamics and to u ris t  behaviour

Coastal tourism  can be defined as the full range o f tourism , leisure and 
recreationally  orien ted  activities tha t take place in the coastal zone and the 
offshore coastal w aters, including accom m odation, catering industry as w ell as 
tourism  activities (e.g ., swimming, recreational fishing and diving) (Haii, 
2001). In this study, w e use the te rm  coastal tourism  specifically for 
residential tourists in the coastal area, defined as tourists who stay at least tw o 
consecutive days on the Belgian coast. Day tourists as w ell as econom ic aspects 
o f coastal tourism  (e.g ., accom m odation, catering, etc .) are n o t considered in 
the p resen t research.

Coastal tourism  is subject to  various dynamics, w hich are mainly characterized 
by seasonal variations. Such variations can be a ttribu ted  to  natural and 
institutional seasonality (H artm an, 1986). N atural seasonality refers to  regular 
tem poral variations in natural phenom ena, particularly those associated w ith 
cyclical clim atic changes th roughou t the  year, such as tem perature, 
precipitation, wind, and daylight (Butler, 1994). Braun et al. (1999) have 
found tha t good w eather and plenty o f sunshine are am ong the m ost im portan t 
expectations regarding vacations. C lim ate and w eather influence the 
attractiveness o f a potential vacation reg ion  and requ ire  or enable certain  kinds 
o f facilities to  be offered at the destination. Institutional factors are re la ted  to  
social norm s and practices o f society and are typically epitom ized by holidays 
(e .g ., industrial, school and religious holidays). W ith in  this fram ew ork, 
tourism  is seen to  be constrained by w ork  and o ther obligations (Higham and 
H indi, 2002).

A lthough tourism  seasonality is strongly linked to  clim ate and w eather 
conditions, the relationship betw een  tou ris t behaviour and w eather conditions 
may be n o t as straightforw ard as it may seem. For exam ple, ‘bad’ w eather 
conditions, such as storm s, may n o t necessarily keep tourists away. Stormy 
w eather above sea can resu lt in spectacular overtopping o f w ater along hard 
structures, such as rocks or dikes. This occurrence often  attracts ‘storm  
w atchers’ or ‘storm  chasers’: people w ho are desired to  observe and 
photograph the pow er o f na tu re  (C antillon et al., 1999). In this way, 
inquisitive tourists may becom e m em ber o f the  exposed population 
them selves.

59



Chapter 3

3.3 Study area

3 .3 .1 The Belgian coast: location and characteristics

The Belgian coast is located along the Southern Bight o f the N o rth  Sea and 
m easures 65 kilom etres. It is characterized by sandy beaches, dime areas and 
hard defence structures such as groynes and seawalls. A part from  their m ain 
function as coastal p ro tec tion  infrastructure, seawalls also play a significant 
ro le  in recreation  (e .g ., ‘p rom enades’ for coast-dw ellers, bikers, skaters, etc.) 
and catering industry (e .g ., popular spot for ou tdoor cafés). D ue to  the 
lim ited length  o f the coastline and the increasing population  pressure, m ost of 
the coastal zone has becom e urbanized and half o f the coastal dimes has 
disappeared (Charlier and D em eyer, 1995).
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Figure 3-1 Location of study area

Figure 3-1 depicts the location o f the ten  coastal m unicipalities included in this 
study. A pproxim ately 0 .2  m illion people (2° b o f the Belgian population) live 
in this area. The m ean population  density am ounts to  m ore  than 500 
inhabitants per km 2, bu t in several statistical secto rs5 population  density runs

5 S tatistical sec to rs  are  a rb itra ry  areas used  to  agg reg a te  so c io -eco n o m ic  sta tistics. T h e  o rig in  

o f  th ese  se c to rs  lies in  th e  ea rly  1970s, w h en  th e  N atio n a l In s titu te  o f  S tatistics (NIS, B elgium ) 

w as lo o k in g  fo r  a sm all te r r i to r ia l  e n tity  as a basis fo r  so c io -eco n o m ic  data . S ecto rs w e re  

chosen  w ith  equal m o rp h o lo g ic  and  social charac te ris tic s . H en ce , d en se ly  p o p u la te d  areas
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up to  thousands o f people per km 2. The city o f O ostende is w ith  ca. 65 ,000  
inhabitants the largest population cen tre  on the Belgian coast, follow ed by 
K nokke-H eist (ca. 32 ,000 inhabitants) and Koksijde (ca. 20 ,000 inhabitants). 
The en tire coastal area is attractive to  m any hum an activities, such as 
recreation , fishery, shipping, agriculture, trade, etc. Particularly the 
recreational attractiveness causes an increase in population  w ith  approxim ately 
0.3  m illion residential tourists during sum m er (Lebbe et al., 2008).

The high degree o f urbanization and tourism  activities m ake the Belgian coast 
extrem ely  vulnerable to  coastal flooding. It is th erefo re  an intriguing area to  
study the re lation  betw een  tourism  dynamics and coastal flood risks.

3.3.2 Flood risks on th e  Belgian coast

In the past, several sto rm  surges have affected the Belgian coast. D uring the 
severe storm  flood disaster o f 1953, eight people died in the city o f O ostende. 
Since the reco rd  w ater level in 1953 (666 cm TA W ), high w ater levels w ere 
m easured in 1976 (590 cm TA W ), 1993 (596 cm TA W ) and 1997 (593 cm 
TA W ). In the years ensuing the flood disaster o f 1953, an im portan t part of 
the  Belgian seawalls was strengthened (C harlier and D em eyer, 1995). 
According to  the outcom es o f the M aster Plan for Coastal Safety (M ertens et 
al., 2010), today about one-th ird  o f the Belgian coast can be considered 
vulnerable to  a coastal flood. M ost vulnerable are the city cen tre  o f O ostende 
and the coastal villages o f Raversijde, M ariakerke and W enduine (cf. Figure
3-1 for their location). The M aster Plan seeks solutions to  cope w ith  fu ture 
coastal floods, considering clim ate change im pacts un til 2050. The pro ject 
aims at p ro tecting  the coast against floods w ith  a recu rrence  period  o f 1,000 
years. Am ong the m easures tha t are explored, beach nourishm ent and dike 
enforcem ents (e .g ., building storm  walls) are considered the m ost effective 
defence structures for the  Belgian coast.

W hile coastal floods can be caused by various factors, such as w indstorm s, 
seismic activity (tsunam i) and tidal waves (Jonkm an, 2005), coastal flood risk 
m anagem ent in Belgium is prim arily focused on one plausible causer: 
w indstorm s. N orthw esterly  storm s are particularly hazardous for the Belgian 
coast, since they push up the N o rth  Sea w ater tow ards the coastal areas. The 
situation becom es disastrous if these storm s coincide w ith  spring tide, which

w e re  sp lit u p  in  m an y  sm all sec to rs , w h ereas la rg e r  se c to rs  w e re  c re a te d  in  ru ra l — less 
p o p u la ted  — areas.
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was the case in 1953 (M cRobie et al., 2005). In the  low -land areas, 
w indstorm s occur m ostly  from  O ctober to  April. H ow ever, even in the 
sum m er half o f the  year, storm s rem ain  possible. E xploratory POT-analyses 
(peak over threshold) on the Belgian coast revealed that the  probability o f an 
ex trem e storm  is about five tim es larger during w in ter than during sum m er 
(analyses perform ed in the con tex t o f the M aster Plan for Coastal Safety).

3.4 Data and methodology

3 .4 .1 Research approach

Figure 3-2 schematically presents the research approach that is em ployed in 
this study.
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Figure 3-2 Flow chart of the research approach

First o f all, the  num ber o f residential tourists on the Belgian coast ( \ l;r) is 
estim ated through tourism  dynamics, which are based on the occupancy of 
second residences. T ourist behaviour, m easured through a field survey, is also 
linked to  the tou rist num ber, yet in a qualitative way (cf. Section 3 .5 .3 ). The 
addition o f the reg istered  population ( X ,,,,,, ) and the num ber o f residential 
tourists çives the to tal num ber o f people at risk (Npm). Furtherm ore, tw o 
m odels are em ployed in this study: a flood m odel and a GIS m odel. The flood 
m odel determ ines a set o f flood characteristics (w ater depth, rise velocity and 
flow  velocity) from  a set o f sto rm  characteristics or assum ptions (storm  surge 
level, wave height). The flood m odel is based on the w orst-case scenario of 
the BEFSPO pro ject CFIM AR. The GIS m odel ascertains the num ber of
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hum an casualties from  these flood characteristics and the  num ber o f people at 
risk th rough m ortality  functions.

The n ex t sections provide m ore  inform ation about the data sets and m odels 
w hich are grey coloured in Figure 3-2.

3.4.2 Location and occupancy of second residences

W ith in  the fram ew ork o f the Belgian coastal A ction Plan (2005-2009), the 
research and consultancy office o f W est Flanders (W ES) has held a large-scale 
survey w ith  regard  to  the use and occupancy o f second residences on the 
Belgian coast. A bout 5 ,100  inland and foreign hom eow ners w ere  queried, 
represen tative tow ards country, region, m unicipality and tim e o f the year. 
The W ES survey filled up an im portan t gap in coastal tou rist data in Flanders 
since only a relatively small p art o f all nights on the Belgian coast is registered  
on a regular basis, leading to  an under estim ation o f the tou ris t significance of 
the coastal area. In the ir study, W ES defined second residences as private 
dwellings w ith  recreational purposes which are included in the d irect taxes. 
The ow ners o f these second residences are n o t reg istered  in the m unicipal and 
pay second residence taxes. For instance, apartm ents, villas, bungalows and 
studio flats, w hich are n o t used for professional purpose and do n o t have a first 
dom icile on their address, are included in this study. Second residences 
rep resen t about th ree-quarter o f b o th  the accom m odation capacity and the 
to ta l num ber o f nights on the Belgian coast. The rem aining quarter, which 
com prises accom m odation in ‘open a ir’ (such as camp sites, holiday domains, 
e tc .), hotels and o ther (e.g ., accom m odation for specific audience such as the 
elderly) is n o t considered in the  W ES survey. A second residence on the 
Belgian coast is occupied for 100 nights a year on average. The hom eow ner 
stays on average about 54 nights in his residence, lets about 15 nights to  
friends and family for free and lets about 31 nights to  th ird  parties (G unst et 
al., 2008).

The num ber o f second residences on the Belgian coast is higher than in any 
o ther Flemish m unicipality. In 2007, 82,700 second residences w ere 
reg istered  in ten  coastal m unicipalities. Table 3-1 lists the num ber o f second 
residences in each m unicipality. Previous counts o f second residences 
(including holiday parks) show  an increase o f 23% betw een  1989 and 1997 
and an increase o f 16% betw een  1997 and 2007. This corresponds w ith  a
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m ean annual increase o f about 2 .4 °b or 1+00 second residences over the 
period 1989-2007 (G unst et al., 2008).

Table 3-1 N um ber of second residences and portion per municipality (G unst et al., 
2008)

Municipality N um ber o f
second
residences

%

D e Panne 6,357 i n
Koksijde 13,906 16.8
N ieu w p o o rt 8,315 10.1
Middelkerke 14,272 17.3
O o sten d e 6,717 8.1
Bredene 1,205 1.5
D e Haan 6,732 8.1
Blankenberge 6,747 8.2
Zeebrugge 677 0.8
K nokke-H eist 17,772 21.5
Total 2007 82,700 100
Total 2007* 83,405
Total 1997* 71,685
Total 1989* 58,262
inc lud ing  residences in holiday parks

Figure 3-3 depicts the  density o f second residences per km 2 for each statistical 
sector. The highest concentrations o f second residences are found in the 
statistical sectors bordering the coastline. A bout 70° o o f the  second residences 
is located at a distance o f less than 300 m  from  the coast.

S e c o n d  r e s id e n c e s  (p e r  km 2)

□  0 
□  <500 
M  500- 1000 
H  1000-2000

Figure 3-3 N um ber of second residences on the  Belgian coast (per km2)
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From  the W ES survey, th ree  raw  data sets are used in this study: (i) the 
num ber o f second residences per statistical sector, (ii) the  daily occupancy of 
second residences (June 2007 — May 2008) for the en tire coast and (iii) the 
average num ber o f persons per second residence (per m unicipality). From  
these data sets, the num ber o f residential tourists N RT is estim ated per 
statistical sector for a çiven tim escale (cf. Section 3 .6 .1 ).

Com bining the num ber o f second residences per statistical sector w ith  the 
average num ber o f persons per second residence, an estim ated m axim um  of 
residential tourists N RT{Mix) can be defined. Figure 3-4 depicts the ratio  of 
\ f!(,1(ltj to  the num ber o f people at risk N pm per statistical sector. The map 
hi^hli^hts those sectors w here hijdi percentages o f tourists reside relative to  
the  num ber o f reg istered  people. A significant part o f the  sectors adjacent to  
the  coastline is touristy , bu t several sectors in the h in terland show  hijdi ratios 
as well. In the Results section, w e will exam ine how  these findings tu rn  out 
w ith  respect to  flooding.

0.60 - 0.80 
0  80 - 1 00

10 km

Figure 3-4 Ratio betw een the num ber of residential tourists (assuming all second 
residences a re  occupied, NRT(MAX)) and the num ber of people a t risk (Npm)

3.4.3 Flood m odel

This study uses the results o f a flood m odel that is currently  in use in the 
fram ew ork o f the Belgian BELSPO pro ject CLIMAR (Van der Biest et al., 
2008). CLIMAR proposes adaptation techniques specific to  the Belgian coast 
w ith  regard  to  clim ate change and sea level rise. Tw o tim e horizons are 
studied in this context: 20+0 and 2100. For b o th  tim e horizons, W C S (w orst- 
case scenario) flood m odels have been im plem ented  for corresponding 
changes in hydrodynam ic boundary conditions (Ponsar et al., 2007). Since
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uncertain ty  levels are increasing enorm ously w ith  p red iction  horizons, the 
m odel closest to  the  p resen t is chosen. W C S 20+0 is based on a m axim um  
storm  sur^e level o f 8.71 m  T A W  and a significant wave height o f 8 .77  m  
(Reyns et al., 2010). A ccording to  the  m odel, this ‘super s to rm ’ will cause 
dozens o f dike breaches alonç the Belgian coast. Figure 3-5 shows the flood 
extents and w ater depths which are to  be expected in the  coastal region. The 
floods are mainly situated in tw o regions: M id d e lk e rk e /O ostende and 
B lankenber^e/D e Haan (W enduine). Particularly in the  lo w ly  in<> city centre 
o f O ostende, reco rd  w ater depths are estim ated o f ca. + .9  m . Elsewhere, 
w ater depths vary betw een  0 .2  and 1.5 m . The lines in the flood areas 
rep resen t roads. The rectangular dark area south  o f Blankenber^e is a very 
low lyin<> polder, originated from  peat exploitation. Given the cu rren t clim ate 
change m odels, the  estim ated re tu rn  period o f this ex trem e flood scenario is 
about 7 ,000  years by 20+0.

CLIMAR WCS 2040 
W a te r  d e p th  (m )
M  High 4 9

Figure 3-5 Flood ex ten ts and w ate r depths according to  the CLIMAR W C S 2040 
flood model

3.4.4 GIS model

Since 2007, the Flemish governm ent is usin<> a GIS too l for the support o f its 
flood risk m anagem ent, called LATIS. The too l is developed by G hent 
LIniversity and Flanders Hydraulics Research and functions as a shell around 
the raster based IDRISI softw are (C lark Labs). Based on the Flemish flood risk 
m ethodology (see Vanneuville et al., 2006 for a com prehensive discussion), 
LATIS allows the user to  perform  risk com putations for b o th  econom ic losses 
and hum an casualties. Critical m ortality  param eters in the  presen t 
m ethodology are w ater depth, rise velocity and flow  velocity. The num ber of 
casualties is determ ined  as a percentage o f the  num ber o f inhabitants ( \ I t
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grow s exponentially w ith  w ater depth  and linearly w ith  rise velocity and flow 
velocity (D eckers et al., 2010).

In the p resen t study, LATIS is used to  calculate the casualties am ong the 
reg istered  population  (denoted  as Cpop) and the casualties am ong the 
residential tourists (CRT). The to tal num ber o f casualties CT0T is defined as the 
sum o f Cpop and CRT.

3.5 Results

3 .5 .1 Seasonal tourism  on th e  Belgian coast

The W ES survey data com prise estim ated daily tou ris t num bers at the Belgian 
coast be tw een  June 2007 and May 2008. The 366 observations recorded  
w ithin this period are aggregated into a num ber o f categories, allowing us to  
w ork  w ith  m eaningful scenarios. Eight separated scenarios are defined as 
follows: weekdays, w eekend days, no holidays, holidays, spring days, sum m er 
days, au tum n days and w in ter days. Based on these separated scenarios, 16 
com binations are possible. It should be n o ted  tha t the seasons are defined 
according to  the generally accepted dates in the  n o rth e rn  hem isphere: spring 
starts on 21 March, sum m er on 21 June, au tum n on 21 Septem ber and w in ter 
on 21 D ecem ber. Holidays com prise all official holidays (both  religious and 
social) as w ell as school holidays for children younger than 18 years. These 
school holidays encom pass 14 weeks a year: 8 weeks in sum m er (July and 
A ugust), 1 w eek around All Saints’ (N ovem ber), 2 weeks around Christm as 
(D ecem ber/January), 1 w eek around carnival (February) and 2 weeks around 
Easter (M arch /A p ril).

Figure 3-6 depicts the m ean occupancy o f second residences w ith  the 
corresponding num ber o f residential tourists N RT for each o f the 16 tim e 
scenarios. Sum m er is obviously the m ost attractive season o f the Belgian coast. 
It does n o t m atte r if it is weekday or w eekend, holiday or not, the  m ean 
occupancy is always higher com pared to  the respective scenarios in spring, 
au tum n or w inter. O n  average, there  are m ore  second residences occupied 
during w eekends than on weekdays, regardless o f w hether or n o t weekdays 
fall w ithin a holiday period. As expected, the  difference betw een  the 
occupancy on weekdays and w eekends is sm aller during holidays than outside 
holidays. Furtherm ore, the  m ean occupancy o f second residences is m ore  or 
less similar in au tum n and w in ter.
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S e a s o n

Figure 3-6 Mean occupancy of second residences and mean to u ris t num ber on the 
Belgian coast fo r various scenarios

W ith  regard  to  the  m ean tourist num ber, w e notice that w eekend days and 
holidays a ttrac t on average about 250 ,000  to  280 ,000  tourists during sum m er. 
This corresponds to  a m ean occupancy o f 61 to  70% . In spring, the m axim um  
num ber o f tourists is on average about 200 ,000 . Except for sum m er, the 
m ean tou rist num ber does no t exceed 100,000 during regular weekdays (no 
holidays) and does n o t exceed 200,000 during regular w eekends (no 
holidays). O ne may notice that the m ean occupancy during the w in ter is 
slightly higher than during the autum n. This is presum ably because there  are 
m ore  holidays in w in ter relative to  autum n. M oreover, the  w eather 
conditions in Belgium are traditionally b e tte r  in w in ter (cold bu t stable) than 
in au tum n (windy and rainy). The overall m ean occupancy o f the  second 
residences on the Belgian coast is estim ated at 3 2 .5 °b, which corresponds to  a 
daily m ean tou rist num ber o f 130,000 people residing in the coastal area.

Em ploying a Scheffé post hoc test, significant differences w ere found betw een  
the m ean tou rist num bers in the four seasons (p <  0 .001 ), except for the 
difference betw een  au tum n and w inter, which is no t significant (p =  1). 
Regardless o f the season, the  m ean tou rist num ber on weekdays or w eekends 
differs significantly ( t  =  -7 .32, d f = 364, p <  0 .001 , tw o-tailed), as w ell as on 
holidays or non-holidays ( t  =  -18,86, d f = 184.28, p <  0 .001 , tw o-tailed). An 
unplanned com parison on the com bined scenarios revealed significant

68



Coastal flood risks and seasonal tourism

differences in m ean tou rist num ber betw een  the com bination ‘weekday +  no 
holiday’ and ‘w eekend +  holiday’ (p <  0 .001). H ow ever, no significant 
differences w ere observed betw een  ‘weekday +  holiday’ and ‘w eekend +  
holiday’ (p =  0 .11).

Summarized, coastal tourism  fluctuations differ significantly betw een  the 
sum m er half year and the w in ter half year, as w ell as on the level o f day of 
w eek. Holidays play an unm istakably im portan t ro le  in occupancy o f second 
residences. W ith  these outcom es, w e have found evidence for the significance 
o f the  factor tim e w ithin  N RT (cf. Section 3 .2 .1 ).

3.5.2 Casualty calculations

The results o f the LATIS com putations are p resen ted  geographically in tw o 
figures. Figure 3-7 depicts the  num ber o f casualties per m 2 amon<> the 
reg istered  population  (Cpop), Figure 3-8 represen ts the  num ber o f casualties 
per m 2 amon<> the residential tourists on the assum ption that all second
residences are occupied (CRT(Mixj).

Figure 3-7 Casualties am ong registered population (CmP, flood model: CLIMAR 
W C S 2040)

As for Cpop (Figure 3-7), it is clear that im pact o f the CLIMAR flood m odel is 
m arked in the city o f O ostende. Close to  the coastline, several sectors indicate 
estim ations o f m ore  than 25 casualties per km 2 am onç the registered 
population. O th er noticeable im pacts are observed in W enduine, a small tow n  
near Blankenber^e.
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A slightly different image is obtained for the  com putations o f CRT(Mixj (Figure 
3-8). C om pared to  Cpop, CRT is m ore  pronorm ced in those sectors bordering 
the coastline. M arked im pacts o f the CLIMAR flood m odel are particularly 
observed in O ostende, W enduine and D e Panne. In O ostende, several sectors 
adjacent to  the  coastline indicate densities o f m ore  than 2 5 casualties per km 2. 
The centres o f De Panne and W enduine, b o th  very close to  the  coastline, 
rep resen t areas w ith  densities over one and six casualties per km 2 respectively.

«<•

I2.S0-5.00 
15.00 - 25 00 
I >25.00

Figure 3-8 Casualties am ong tourists (C, flood model: CLIMAR W C S 2040)

Table 3-2 presents for each m unicipality the absolute num bers o f the 
reg istered  population ( \ t h e  casualties am ong the reg istered  population 
(Cpop), the  m axim um  num ber o f residential tourists (N RT(Mixj) and the casualties 
am ong these tourists (C RT(MAX)). Further, absolute num bers are p resen ted  for a 
sum m er and w in ter scenario. For b o th  scenarios, the  m ean occupancy o f the 
second residences was used (56. I o b for sum m er; 21.4° b for w in ter). W e 
recall that the num ber o f people at risk Npm equals the sum o f Npop and N RT 
and that the  to ta l num ber o f casualties CT0T for b o th  scenarios is defined as the 
sum o f Cpop and CRT.

O n sum m er days, there  are over 0 .4  m illion people at risk in the  ten  coastal 
m unicipalities. M ore than half o f them  are residential tourists. In w inter, 
tourists weigh less heavily on the to ta l num ber. T hen  there  are on average 
nearly 0 .3  m illion people at risk, o f w hom  30%  are residential tourists. The 
percentages in the N RT colum n o f Table 3-2 rep resen t the  p o rtion  of 
residential tourists (N RT) against the  to ta l num ber o f people at risk. Regarding 
tourism , the  m ost vulnerable m unicipalities are M iddelkerke (N RT/ N piR =  
71.5% ), Koksijde (N RT/ N plR =  67 .8% ) and N ieuw poort (N RT/ N plR =  67 .3% ).
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Least vulnerable are Bredene (N RT/ N RAR =  19.9% ) and Zeebrugge (N RT/ N RAR 
=  IS .7% ). Figure 3-4 shows the spatial variations for a geographical o u tp u t o f 
the N rt/ N rar ra tio  at the  level o f the statistical sector.

For th ree  m unicipalities - N ieuw poort, Zeebrugge and Koksijde - few  or no 
casualties are estim ated. The W C S 2040 flood extents are negligible in these 
m unicipalities (cf. Figure 3-5). W e ignore them  in the rem ainder. The vast 
m ajority  o f casualties falls in O ostende (ca. 98% ), follow ed by De Haan, 
Blankenberge and De Panne. The percentages in the  CRT colum n o f Table 3-2 
rep resen t the im pact o f casualties am ong the residential tourists (CRT) 
com pared to  the to ta l num ber o f victims for tha t scenario (CT0T). W e observe 
tha t the im pact o f C RT is highest in the m unicipalities Blankenberge, De Haan 
and De Panne. In the  sum m er scenario, 60 .6  to  74 .1%  o f the casualties are 
residential tourists. This percentage is low er in the w in ter scenario, b u t still 
m ore  than 50%  for De Haan and De Panne. The m arked  outcom es for De 
Haan are mainly due to  the losses in W enduine. In the  m unicipalities Bredene, 
K nokke-H eist and M iddelkerke, the  im pact o f residential tourism  on the total 
num ber o f casualties is ra ther lim ited. The percentage o f CRT in the city of 
O ostende am ounts to  36 .3%  in sum m er and 17.9%  in the w inter. These 
values are low er than in Blankenberge, De Haan and De Panne, b u t they 
rep resen t hundreds o f casualties.

In conclusion, m arked outcom es are particularly observed in flooded sectors 
having a high N RT/ N RAR ratio . This is m ostly  the  case in those sectors adjacent 
to  the coastline, w hich are also m ost vulnerable to  flooding. The casualty 
calculations indicate tha t considering tourism  dynamics can produce a 
significant im pact, which can also vary significantly in tim e.
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Table 3-2 Summary of casualty com putations fo r each municipality

Municipality N pop C pop N rt(max) C rt(max)

Sum m er W inter
N rt N par C rt C tot N rt N par C rt C tot

Blankenberge 17,386 4.83 29,322 13.23 16,450 33,836 7 .4 2 12.26 6,275 23,661 2.83 7.66
4 8 .6 % 6 0 .6 % 26.5% 36.9%

B redene 12,633 3.90 5,602 0.25 3,143 15,776 0.14 4.04 1,199 13,832 0.05 3.95
19 .9% 3 .4 % 8.7% 1.3%

D e Haan 1 1,126 1 1.35 35,058 57.85 19,668 30,794 32.46 43.81 7,502 18,628 12.38 23.73
63.9% 7 4 .1 % 4 0 .3 % 5 2 .2 %

D e Panne 9,870 2.42 31,149 14.50 17,475 27,345 8.13 10.55 6,666 16,536 3.10 5.52
63.9% 7 7 .1 % 4 0 .3 % 56.2%

K nokke-H eist 32,394 3.57 92,414 1.59 51,844 84,238 0.89 4.47 19,777 52,171 0.34 3.91
6 1 .5 % 2 0 .0 % 37.9% 8.7%

Koksijde 20,052 0.00 75,419 0.00 42,310 62,362 0.00 0.00 16,140 36,192 0.00 0.00
67.8% 4 4 .6 %

M iddelkerke 16,503 3.04 73,775 1.89 41,388 57,891 .06 4.10 15,788 32,291 0.40 3.44
7 1 .5 % 2 5 .9 % 4 8 .9 % 11.7%

N ieu w p o o rt 10,244 0.01 37,562 0.06 21,073 31,317 0.03 0.04 8,038 18,282 0.01 0.02
67.3% 8 5 .9 % 4 4 .0 % 7 0 .0 %

O o sten d e 65,688 1,906.04 28,887 1,939.45 16,206 81,894 1,088.03 2,994.07 6,182 71,870 415.04 2,321.08
19 .8% 36.3% 8.6% / 7.9%

Z eebrugge 91,68 0.00 3,047 0.00 1,709 10,877 0.00 0.00 652 9,820 0.00 0.00
15 .7% - 6.6% -

Total 205,064 1,935.16 412,237 2,028.82 231,265
5 3 .0 %

436,329 1,138.17
3 7 .0 %

3,073.33 88,219
3 0 .1 %

293,283 434.17
/ 8.3%

2,369.33

Npop = reg istered  population; Cpop = estim ated casualties am ong reg iste red  population; Nrt(m ax) = estim ated maximum of residential tou ris ts ; Cpt(max) =  

maximum num ber o f casualties am ong th e  residential to u ris ts  (all second residences occupied); N r t  = num ber of residential touris ts ; Npar = num ber of 
people a t risk; C r t  = estim ated  num ber of casualties am ong th e  residential touris ts ; C to t  = to ta l estim ated  num ber o f casualties.
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3.5.3 T ou rist behaviour in s torm y w ea th er

Survey data are used to  gain qualitative insights in the behaviour o f tourists in 
storm y w eather conditions on the Belgian coast. In a quasi-experim ental 
design, residential tourists w ere asked to  imagine tw o  storm  scenarios (A and 
B, cf. Table 3-3 for a verbal transcrip tion  o f b o th  scenarios) and express their 
degree o f agreem ent on th ree  item s (1 item  re la ted  to  storm  scenario A, 2 
item s related  to  storm  scenario B, cf. Table 3-4).

Table 3-3 Verbal transcription of the  tw o  sto rm  scenarios

Scenario A  Assume you have booked a holiday w eek on the Belgian coast. On the day o f  your 
depart, radio and television are paying much attention to a heavy storm  which will 
approach the Belgian coast in the next days. The Royal M eteorological Institute 
(KMI) predicts wind sp eeds over 75  km/h (> 9 Beaufort) and warns for large 
w aves along the coast and dangerous situations on the dike prom enades as a 
result o f  overtopping water.

Scenario B A storm similar to the one in scenario A approaches the coast Assume you are
staying on the coast for holidays a t the time you hear about this storm and the 
warnings.

Table 3-4 Items fo r sto rm  scenarios A  and B

Storm Item Item
scenario num ber
A 1 1 cancel m y trip to the sea  immediately.
B 1 1 leave the coastal area im m ediately and go back home.
B 2 Stormy w eather can cause spectacular pictures. 1 stay  on the coast to 

watch the storm.

The survey on tou ris t behaviour was p a rt o f a larger survey w hich probed  the 
public’s perceptions regarding coastal flood risks and coastal defence 
structures (see Keilens et al., 2011). The overall response ra te  was 
approxim ately 20% . The sample tha t is used here  consists o f 175 residential 
tourists, o f which 32% are w om en (N  =  56) and 68%  are m en  (N  =  119). 
The sam ple’s age ranges from  17 to  83 years (M  =  56.8 , SD =  13.8).

Table 3-5 presents the  results o f the  questionnaire. As for scenario A, w here 
the responden t is supposed to  set off for a trip  to  the sea w hen w eather 
forecasts p red ict m ajor storm s, w e found tha t only 22% will cancel the ir trip  
im m ediately (A Í). In scenario B, w here the responden t is supposed to  stay at 
the coast at the  m om en t the  storm  is forecasted, about one-th ird  o f the 
respondents will leave the coastal area im m ediately (B Í). Noticeably, alm ost
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half o f the respondents answ er tha t they w ould stay on the coast, ju s t to  w atch 
the storm  (B2).

Table 3-5 Q uestionnaire results on to u ris t behaviour in storm y w ea ther

N o agreem ent
N um ber %

A greem ent
N um ber %

N o opinion
N um ber %

A 1 (cancel trip) 127 72.6% 41 22.3% 9 5.1%
B1 (leave coastal area) 1 17 66.9% 57 32.6% 1 0.6%
B2 (storm watching) 92 52.6% 78 44.6% 5 2.9%

The results o f this questionnaire show  tha t about tw o-th ird  o f the respondents 
are ra ther persisten t in their holiday plans. The effect o f ‘storm  w atching’ may 
contribu te  to  this attitude. H ow ever, it should be acknow ledged here  that 
possible bias may occur due to  the overrepresen tation  o f m ale respondents in 
the sample. As previous studies have dem onstrated  (Keilens et al., 2011 ; Ho et 
al., 2008; lundell and Hwang, 2008), m en  exhibit on average low er levels o f 
risk percep tion  than w om en. This low er risk percep tion  often results in higher 
risk-taking behaviour (Jonkm an and Vrijling, 2008). A second reflection deals 
w ith  the uncertain  correspondence betw een  a perso n ’s stated in tentions in a 
questionnaire, and h is /h e r  actual behaviour in case a m ajor storm  w ould be 
forecasted at the  coast (cf. Kievik and G utteling, 2011). D espite these 
lim itations, the  survey results provide reasonable grounds to  assume tha t a fair 
part o f the residential tourists will be p resen t in the  coastal area at the tim e a 
heavy storm  reaches the coastline.

3.6 Discussion and conclusion

In this chapter, w e have substantiated the inclusion o f residential coastal 
tourism  and its dynamics in societal flood risk, w hich is determ ined  by the 
num ber o f people at risk and the num ber o f casualties expected  in the  case of 
flooding. A case study was conducted on the Belgian coast, a densely 
populated  area characterized by a large tourism  industry and a high 
vulnerability tow ards coastal flooding. A w orst-case flood scenario was 
em ployed to  analyse the effects o f coastal tourism  on casualty com putations. 
The question as to  w hat ex ten t do tourism  dynamics affect coastal flood risks 
shaped the m ain research objective o f this chapter. An additional research 
objective dealt w ith  the behaviour o f these residential tourists in different 
sto rm  scenarios.
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The m ain research  objective was addressed in tw o steps. Firstly, tourism  
dynamics w ere m apped ou t through a set o f tim e-scaled scenarios based on 
day-to-day variations (weekday, w eekend day or holiday) and seasonal 
fluctuations. Raw data reflected  the occupancy ra te  o f second residences 
(private dwellings w ith  recreational purposes), from  w hich the num ber of 
residential tourists (N RT) could be determ ined . Significant differences w ere 
observed betw een  the sum m er half year and the w in ter half year, as well as on 
the level o f day o f w eek and holidays. W hile w e have m ade com parisons 
betw een  different tim e settings, w e w ere unable to  consider peak 
occupancies. For exam ple, nearly  70%  o f the second residences is occupied 
during w eekends in the  sum m er holidays (July-August), b u t the actual 
occupancy can easily rim  up to  m ore  than 80% in the w eek o f the N ational 
holiday (July 21st). In w inter, the average occupancy o f second residences 
varies be tw een  10 and 40% , yet peak occupancies o f m o re  than 50%  are n o t 
im possible either (G unst et al., 2008). Secondly, the num ber o f people at risk 
and the num ber o f casualties in the  case o f a flooding w ere  determ ined . It was 
show n tha t the num ber o f people at risk (N PAR) in the  sum m er is tw ice as large 
than if only the reg istered  population Npop is taken. In w inter, NPAR is alm ost 
30%  m ore  than if only Npop is used. As m entioned  earlier, these outcom es are 
average estim ations. Peak occupancies can inflate NPAR considerably. Casualty 
calculations w ere  conducted for a w orst-case scenario (in w hich all second 
residences are supposed occupied) and tw o tim e-scaled scenarios (m ean 
tou ris t num ber on a sum m er and a w in ter day). A w orst-case flood scenario 
(CLIMAR W C S 2040) served as flood m odel w ithin the Flemish GIS too l 
LATIS, w hich uses w ater depth, flow  velocity and rise velocity as m ortality  
param eters. This flood scenario is expected  to  cause num erous dike breaches 
on the Belgian coast and will particularly affect th ree  locations: O ostende, 
W enduine and D e Panne. Especially in O ostende, m arked spatial differences 
w ere observed betw een  the location o f the casualties am ong the registered  
population  and am ong the residential tourists. W hereas the fo rm er group is 
m ostly  situated in the  cen tre  o f the  flooded city, the  la tte r group is 
particularly located in those sectors adjacent to  the coastline. The m ain cause 
o f this distinction may be the urban  m orphology o f the  Belgian coast, which is 
characterized by high percentages o f second residences near the  coastline and 
low er percentages in the  centres o f the  m unicipalities.

An im portan t n o te  concerns the relative frequency o f ex trem e storm  surges. 
W e recall tha t on the Belgian coast, according to  prelim inary POT-analyses, 
the probability o f a w in ter sto rm  is about five tim es larger than a sum m er
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storm . W hile these frequencies do n o t affect the  casualty calculations rep o rted  
above, they do affect the  corresponding risk values. Hence, in term s o f risks, 
w in ter casualties should receive a w eight factor o f S in o rder to  m eaningfully 
com pare them  w ith  sum m er casualties (which w ould then  receive a w eight 
factor o f 1 ).

C oncerning the second research objective, qualitative in te rp re ta tion  o f survey 
data suggested tha t residential tourists are ra ther persisten t in their holiday 
plans, irrespective o f storm  forecasting. M oreover, several tourists indicated 
tha t they w ould stay on the coast ju st to  w atch the storm  surge, an outcom e 
which supports previous studies on ‘storm  w atching’ behaviour (C antillon et 
al., 1999). This risk-taking behaviour was recently  observed on the Belgian 
coast during the severe storm  o f 28 February 2010. W ith o u t know ing the 
consequences o f the storm  in France (w here m ore  than SO people died in 
coastal floods), dozens o f people visited the Belgian coast. They explained to  
the m edia tha t they w ere looking for ‘na tu re  p o w er’ . Based on the results of 
the questionnaire, w e believe tha t a fair part o f the  residential tourists — about 
tw o-th ird  — will be p resen t a t the  coastline in case a heavy storm  hits the 
coast. H ow ever, possible survey biases w ith  regard  to  sample 
representativeness (overrepresen tation  o f m en) and unknow n correspondence 
betw een  in tentions and actual behaviour yield uncertain ty  in this outcom e. 
Future research could low er these uncertainties by em ploying an experim ental 
study design in which m ore  item s are used to  m easure the re sp o n d en t’s 
in ten tions.

Some general lim itations o f the study need to  be addressed. A first lim itation 
concerns the level o f detail o f the census data. A lthough this data set has a 
fairly high degree o f tem poral detail (the occupancy of second residences is 
know n for each day for the  period o f one year), the spatial reso lu tion  is 
lim ited to  the  scale o f the en tire  coastal area. It was therefore  n o t possible to  
consider spatial variations w ithin the m unicipalities over tim e. O th er data 
sets, such as m obile positioning data obtained via GPS devices and m obile 
phones, m ight m ee t this detail level. Recently, several researchers have 
explored the possibilities o f these data sets, for exam ple Ahas et al. (2008), 
Song et al. (2010) and Byon et al. (2009). In Belgium, as in m any other 
countries, m obile positioning has already been  applied successfully to  track 
vehicles and estim ate traffic jams. For the m ost part, how ever, the data are 
n o t yet available for accurately tracking the position o f individuals who are n o t 
travelling w ithin tran sp o rt netw orks (e .g ., in buildings, parks, e tc .). A second 
lim itation is the assum ption o f a constant Npop. The reg istered  population
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mainly fluctuates a t the level o f day and w eek as a consequence o f in ter alia 
w ork  and leisure activities (Lentz, 2006). Previous research on natural 
disasters and technical hazards proposed ways to  determ ine these N pop 
fluctuations (Glickman, 1986; Aboelata and Bowles, 200S; Ahola et al.,
2007), though applying these m ethods often rem ains difficult. For instance, in 
the con tex t o f flood risks due to  dam failure, M cClelland and Bowles (2000) 
have suggested to  consider tem poral aspects for a num ber o f hom ogeneous 
population  groups, such as m otorists, tra in  passengers, people living in 
buildings, etc. H ow ever, while valuable at the  conceptual level, these 
refinem ents becom e com prom ised w hen greater generalizability is desired. A 
th ird  lim itation tha t should be addressed in fu tu re  research is the neglect o f 
the effects o f evacuation possibilities on population  dynamics. Evacuation is 
defined by the m ovem ent o f people from  a (potentially) exposed area to  a safe 
location outside the area before they com e into contact w ith  physical effects 
(Jonkm an et al., 2008). W hile specific evacuation m odels have been 
developed for floods (e.g ., LIFESim - Aboelata and Bowles, 2005; Evacuation 
Calculator - Van Zuilekom  et al., 2005), they are difficult to  apply in real- 
w orld  situations given the severe data requ irem ents. Assessing evacuation in 
flood risk m anagem ent encompasses the  determ ination  o f several param eters, 
such as available tim e, tim e requ ired  for evacuation, population  characteristics 
(e .g ., age, m obility) and road ne tw o rk  characteristics (e .g ., road density, road 
capacity, congestion p o in ts).

D espite these lim itations, the  outcom es o f this study have clearly 
foregrounded the im plications o f accounting for coastal tourism  dynamics in 
flood risk calculations. H ow ever, the question rem ains to  w hat ex ten t the 
increased insights tha t can be obtained by the incorporation  o f tourism  
dynamics justifies the extra data requirem ents and com putational efforts? If 
the flood-prone area is as touristy  as the Belgian coast, it may certainly be 
justified. The study showed significant tem poral variations in coastal tourism  
dynamics leading to  im portan t im pacts on coastal flood risk calculations. 
H ow ever, our research  did n o t only resu lt in im proved casualty calculations. 
It also poin ted  ou t tha t there  is a spatial, tem poral and behavioural 
vulnerability o f coastal tourism  tow ards floods. From  a spatial po in t o f view, 
coastline areas tend  to  be m ost vulnerable to  storm  surges such as overtopping 
w ater and dike breaching, given tha t the m ajority  o f the tourists reside nearby 
the coastline. Tem poral variations in tourism  can cause peak m om ents which 
m ake tourists extra vulnerable to  flooding. Third is vulnerability induced by 
behaviour during storm  surges. A m ajor part o f the tourists is n o t frightened
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by bad w eather and may consequently reside on the coast a t the tim e a flood 
happens. A lthough effects may differ betw een  coastal areas, w e believe that 
flood risk m anagem ent should always verify possible tourism  effects. 
M oreover, the study o f tourism  dynamics should n o t be restric ted  to  coastal 
flood risks. Since m ountainous areas are also attractive to  tourists, considering 
tourism  dynamics in m ountain  flash floods could be im portan t as well. Taken 
together, w e hope tha t our study will stim ulate a m ore  careful consideration 
o f the im plications o f tourism  dynamics in flood risk  m anagem ent.
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4 P E R C E P T I O N  A N D  C O M M U N I C A T I O N  O F  
F L O O D  RISKS:  A L I T E R A T U R E  R E V I E W

M odified from : Keilens, W., Terpstra, T., Scheljaut, K., De Maeyer, P., 2011. 
Perception and communication o j ßood  risks: A literature review, (submitted Jor 
publication in Risk Analysis)

A b s t r a c t

Flood hazards are the m ost com m on and destructive of all natural disasters. 
For decades, experts have been exam ining how  flood losses can be m itigated. 
Just as in o ther risk domains, the study o f risk perception  and risk 
com m unication has gained increasing in terest in flood risk m anagem ent. 
Because o f this research grow th, a review  o f the state o f the  a rt in this dom ain 
is felt necessary. The review  com prises 57 empirically based peer-review ed 
articles on flood risk perception  and com m unication from  the W eb o f Science 
and Scopus databases. The characteristics o f these articles are listed in a 
com prehensive table, presenting the author, flood type, study location, survey 
and analysis m ethods, sample size, theory  and the variables tha t w ere studied. 
From  this review , it follows tha t the m ajority  o f studies are o f exploratory  
natu re  and have n o t applied any o f the theoretical fram ew orks tha t are 
available in social science research. Consequently, a m ethodological 
standardization in m easuring and analysing peop le’s flood risk perceptions and 
their adaptive behaviours is hardly present. This heterogeneity  leads to  
difficulties in com paring results be tw een  studies. It is also show n that 
theoretical and em pirical studies on flood risk com m unication are nearly 
nonexisten t. The chapter concludes w ith  a sum m ary on m ethodological issues 
in the fields o f flood risk perception  and flood risk com m unication and 
proposes an agenda for fu tu re  research.
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4.1 Introduction

Flood hazards are a serious th rea t to  the econom ic and social structures o f our 
society. Each year, floods claim around 20 ,000  lives and adversely affect at 
least 20 m illion people w orldw ide, m ostly  th rough hom elessness (Sm ith and 
Petley, 2009). R ecent studies have indicated tha t the  losses from  flood hazards 
are expected  to  increase in the  upcom ing years. This prognosis is m ainly based 
on the p red icted  im pacts o f the clim ate change (Nicholls et al. , 2007). In m any 
countries, how ever, flood vulnerability is also expected  to  increase as a 
consequence o f population  g row th  and spatial expansion (Siegrist et al. , 2006). 
A round the w orld, flood risk experts and decision-m akers face the challenge 
to  find techniques and m easures to  effectively cope w ith  these hazards. In 
o rder to  assess the  negative im pact o f flood hazards, experts have gradually 
adopted  a risk-based approach, w hich focuses on the probability o f events and 
the m agnitude o f negative consequences (M erz et al., 2010). W hile this 
technical approach deals w ith  objective risk assessment, a substantial group of 
researchers have concentrated  on the subjective aspects o f flood risk, which 
determ ine peop le’s risk perception. Several researchers recognize tha t flood 
risk m anagem ent is shifting from  a prim arily objective approach to  an 
in tegrated  approach w ith  a tten tion  to  social aspects such as im proving flood 
preparedness and response (T erpstra and G utteling, 2008; Botzen et al., 
2009a). As such, the need to  integrate lay know ledge into m easures to  
prevent, m itigate and deal w ith  risk  is a relatively new  field o f research 
(Figueiredo et al., 2009). Risk com m unication is becom ing increasingly 
propagated as an essential m easure to  fulfil these needs (Renn, 2005).

Previous articles have review ed the general evolution o f risk percep tion  and 
com m unication (Fischhoff, 1995), com parative studies in risk perception  
(Boholm, 1998) and risk com m unication to  the  public (Bier, 2001). Up to  
now , how ever, no review  article has covered the findings o f risk perception  
and risk com m unication in flood risk research. As a re su lt o f the  increasing 
a tten tion  for flood risk m itigation and the application o f risk percep tion  and 
risk com m unication in this, an overview  o f the  state o f the  a rt in these 
domains is felt necessary.

This review  chapter is organized as follows. Section 4.2 presents background 
inform ation on the origins o f risk perception  and risk com m unication. 
Sections 4 .3  to  4 .7  provide an overview  and discussion o f a set o f empirically 
based peer-rev iew ed articles in the dom ains o f flood risk  perception  and flood 
risk com m unication. A tten tion  is successively given to  the selection o f the
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studies, general trends in the research dom ain regarding bibliom etrics and 
study area, the survey and analysis m ethods tha t have been used, the  theories 
tha t have been applied and developed, and the em pirical findings tha t have 
been found. Finally, Section 4 .8  provides a com pact discussion and proposes 
an agenda for fu tu re  research  in the  dom ain.

4.2 Background

4 .2 .1 Risk perception

The beginning o f the  research on risk  perception  is situated in the  1940s, 
w hen G ilbert W hite  published his ground-breaking thesis on hum an 
adjustm ents to  floods in the  U nited States. W hite  (194S) found tha t peop le’s 
flood experience directly  influenced their behaviour w hen  they w ere under 
th rea t from  a possible flood. W ith  his w ork, W hite  pioneered the way for 
research on the hum an dim ension o f risk in m ulti-hazard environm ents (Brilly 
and Polie, 200S; Bird, 2009). In the 1960s, risk perception  appeared on the 
stage o f political agendas since it was considered as a m ain determ inan t o f the 
public opposition to  new  technologies, in particular nuclear technology. Based 
on the analysis o f historical data, Starr (1969) discovered a system atic relation 
betw een  the acceptance o f technological risks and the perception  o f costs and 
benefits from  these technologies. It seem ed tha t society accepted risks to  the 
ex ten t tha t they w ere associated w ith  benefits (Sjöberg et al., 2004). W hile 
this m ethod  o f exploring revealed preferences resu lted  in new  insights, 
questions arose about its objectivity, since findings are strongly com pliant by 
the in terp re ta tion  o f the  researcher (Craye et al., 2001). In the subsequent 
decades, risk percep tion  research  evolved to  psychological experim ents and 
public surveys, in which peop le’s perception  could be assessed w ith  expressed 
preferences. This evolution led to  the developm ent o f several theories and 
approaches, som e o f w hich will be illustrated  in m o re  detail in Section 4 .7 .

4.2.2 Risk com m unication

Covello et al. (1986) define risk com m unication as any purposeful exchange of 
inform ation about health  or environm ental risks betw een  in terested  parties. 
T re ttin  and M usham (2000) clarify these parties as either individuals, groups 
or organizations. Risk com m unication covers a w ide range o f activities, such 
as stim ulating in terest in environm ental health  issues, increasing public

85



Chapter 4

know ledge, influencing attitudes and behaviour o f people, acting in situations 
o f em ergency o r crises, aiding in decision-m aking and assisting in conflict 
reso lu tion  (Boholm, 2008) In his W hite  Paper on Risk Governance, Renn 
(200S) underlines the  im portance o f adjusting risk com m unication to  the 
specific needs o f the people. In this way, people are facilitated to  judge their 
ow n risk situation and to  m ake inform ed decisions according to  preparedness 
and personal safety m easures. Effective com m unication, or the absence o f it, 
m ay have a m ajor bearing on how  w ell people are prepared  for a disaster 
(Basic, 2009).

A ccording to  the definition o f Covello et al. (1986), risk com m unication 
should aim for a bidirectional exchange o f inform ation. H ow ever, this 
bidirectional exchange has n o t always been considered the  key to  effective risk 
com m unication. The early rationale for risk com m unication research derived 
from  the identified distinction betw een  the scientific way to  assess risk (based 
on calculations o f probability and estim ated ‘loss’) and the lay people approach 
which tended  to  over- o r underestim ate  risk  (Boholm, 2008).

O ver the  last tw o decades, risk com m unication has gradually evolved to  a 
tw o-w ay com m unication process in which bo th  the public and the risk 
m anagers are expected to  engage in the social learning process (Renn, 200S). 
Today, it is w idely recognized tha t public values and preferences m ust be 
included in risk  assessm ent and m anagem ent (Renn, 1998; Boholm, 2008). 
Emphasis has shifted from  a pedagogical approach to  deliberation, dialogue 
and public participation. The norm ative theory  o f com m unicative rationality  
advocates this dialogue betw een  actors w ho are willing to  listen to  each other 
and who are open to  change their m inds and positions on a certain  issue 
depending on how  the deliberative process unfolds (Haberm ans, 198S). To 
obtain a successful dialogue, m utual tru s t is needed  betw een  the actors (Petts,
2008). H ow ever, as Pidgeon (1992) m entioned, ‘tru s t is hard to  gain, bu t 
easy to  lose’ .

4.3 Selection of studies

D uring N ovem ber-D ecem ber 2010, an extensive lite ra tu re  search was 
conducted on the electronic online databases W eb o f Science 
(w w w .isiknow ledge.com ) and Scopus (w w w .scopus.com ). W eb o f Science is 
a w ell-regarded database, w hich — according to  the database publisher — 
provides seamless access to  m ultidisciplinary coverage o f over 10,000 high- 
im pact journals in the sciences, social sciences, and arts and hum anities, as
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w ell as in ternational proceedings coverage for over 120,000 conferences. 
Scopus is a relatively new  b u t rapidly expanding database, and claims to  be the 
largest abstract and citation database containing approxim ately 17,000 peer 
review  journals.

Four rules w ere applied to  our lite ra tu re  selection: (i) the w ork  is peer- 
review ed in an in ternational journal, (ii) the  research is based on em pirical 
data, w hich re la te  to  citizens or at least partly  to  citizens, (iii) the  research  is 
applied to  flood risks in general or to  a specific type o f flood risk (e .g ., river -, 
flash -, coastal -, etc .), and (iv) the public perception  o f or the  public a ttitude 
tow ards flood risks is m easured (either qualitative or quantitative) or specific 
a tten tion  is given to  the  com m unication o f these risks. In o rder to  find as 
m any articles as possible in this context, the following search key was 
designed:

(flood* OR hazard*) AND (perception* OR perceiv* OR attitude* OR communicat*)

The use o f an asterisk allow ed finding articles w ith  ‘flood’, ‘floods’ or 
‘flooding’, ‘percep tion ’ or ‘perceived’, ‘com m unication’ o r ‘com m unicated’ 
and ‘a ttitu d e ’ or ‘a ttitud inal’ in their title, keyw ords or abstract. The w ord  
‘hazard’ was used to  capture also articles tha t w ould  refe r to  floods as ‘natural 
hazard’ or ‘environm ental hazard’. The gross num ber o f articles found in bo th  
databases (W eb o f Science and Scopus) was 642 (269 and 373, respectively). 
By rem oving IOS duplicates, the  n e t num ber was reduced  to  537 studies. 
H ow ever, it was clear from  the title  alone tha t about 80%  o f these articles did 
n o t fit the four rules. A lthough the w ords ‘floods’, ‘p ercep tion ’ or 
‘com m unication’ w ere used in these articles, their m eaning was unrelated  to  
this study’s social/psychological perspective (e .g ., ‘The chemical expression 
o f biotic and abiotic processes occurring in the Amazonian floodplains can be 
particularly perceived during falling w aters’) and in som e cases the  w ord  
‘flood’ even m ean t som ething totally different (e .g ., ‘Flooding is a com m only 
used technique for n e tw o rk  resource and topology inform ation dissem ination 
in the data com m unication n e tw o rk s’). D eleting these non-in tended  hits 
fu rther reduced  the num ber to  114 articles. In a final step, the authors 
independently  and carefully review ed all the  114 abstracts by applying the 
four rules. Conflicts and doubtful cases w ere discussed before a decision was 
m ade. Some abstracts did n o t contain sufficient inform ation for these selection 
criteria, so full papers w ere then  analysed. Tw enty-five articles w ere om itted  
because they w ere  n o t based on em pirical data (selection ru le  2). A nother 
thirty-seven studies w ere rem oved from  the list since they did n o t m easure 
(neither qualitative n o r quantitative) the public perception  o f flood risks
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(selection ru le  4). Strict im plem entation o f selection ru le  4  resu lted  in the 
om ission o f a set o f articles on m ental health  issues and psychological impacts 
(e .g ., post traum atic stress syndrom e) resulting from  flood experiences. Fifty- 
tw o studies rem ained after this in-depth  review . Eventually, the  set o f articles 
was ex tended  w ith  tw o recently  published articles (which w ere n o t yet taken 
up in W eb o f Science or Scopus at the tim e o f the lite ra tu re  search) and th ree 
articles in press. As such, the  final selection com prised 57 articles.

Table 4-1 in A ppendix presents this selection o f papers w ith  following 
characteristics: (i) au thor and year, (ii) study area and flood type, (iii) survey 
m ethod, num ber o f respondents (N) and analysis m ethods, (iv) the  theory  that 
was applied (if any), (v) how  flood risk perception  was m easured, (vi) 
behavioural variables regarding m itigation and preparedness, (vii) physical 
exposure variables and dem ographics, and (viii) o ther im portan t variables. 
The following sections each discuss one or m ore  o f these colum ns in m ore  
detail.

4.4 General trends

4 .4 .1 Bibliometrics

This section discusses bibliom etrics regarding publication year, journal and 
au thor o f the selected articles.

As Figure 4-1 depicts, there  is a m arked increase in the  num ber o f studies on 
flood risk perception  in recen t years. O nly eight o f the 57 studies have been 
published before 2005; as m uch as 49 studies have been published since 2005. 
Three studies in press (Keilens et al., 2011; Pagneux et al., 2011; Terpstra, 
2011) are expected to  be published in 2011. N otew orthy  is the  low er num ber 
o f articles in 2010 com pared to  2008 and 2009. This is probably a 
coincidence, and n o t the herald o f a decrease o f studies in  the  field.
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Figure 4 - 1 N um ber of publications per year (* the  num ber of publications in 2 0 1 I is 
provisional)

Figure 4-2 presents the num ber o f publications by journal. The 57 studies 
w ere published in 2+ different journals. Leading journals in the  dom ain of 
flood risk perception  are Risk Analysis (15 publications), Natural Hazards (8 
publications), and Natural Hazards and Earth System Sciences (6 publications). 
Journal o f Risk Research and Environmental Hazards b o th  have th ree  publications. 
All o ther journals (19) have published only one or tw o studies published in the 
field. This shows that perception  research on flood risks is m ore  supported  by 
journals re la ted  to  environm ental risks and hazards than by journals re la ted  to  
psychological o r health  issues.

Figure 4-2 N um ber of publications by journal
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Figure 4-3 shows the num ber o f publications by author, either as first author 
or co-author (only authors w ith  tw o or m ore  publications are shown). 
Productive authors in the  dom ain o f flood risk percep tion  are Terpstra, 
K reibich and Thieken (each w ith  four publications). I ijdit researchers have 
tw o or m ore  publications as first author: T erpstra  (+), Zhai (3), Botzen (2), 
Krasovskaia (2), Kreibich (2), Lopez-M arrero (2), Sie^rist (2) and Thieken 

( 2 ).
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Figure 4-3 N um ber of publications by au tho r (either as first au th o r o r  co-author)

4.4.2 Study area and flood type

The study o f flood risk perception  is param ount in the w estern  w orld . Europe 
is w ell rep resen ted  by 3+ studies, follow ed by N o rth  Am erica (10 including 
P uerto  Rico) and Asia (10). In Europe, m ost studies have their study area in 
the N etherlands (7), G erm any (7), U nited Kingdom (+), Spain (3) and 
Switzerland (3). N o rth  Am erica does only count research from  the U nited 
States (8) and Puerto  Rico (2). In Asia, m ost studies com e from  Japan (+) and 
Taiwan (3). The Southern H em isphere is strongly underrep resen ted  in 
literature . O u r search revealed only tw o studies that w ere conducted in Africa 
(Nigeria and South Africa) and none in South Am erica and Oceania. The only 
study w ith  an in ternational study area is Krasovskaia et al. (2007) w ith  focus 
on the countries surroundin ') the N o rth  Sea (Germ any, the N etherlands, 
Norw ay, Sweden and U nited  K ingdom ).
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Regarding flood type, it should be no ted  tha t it was often difficult to  identify 
the type under study. Some studies clearly m entioned  the flood type, b u t in 
o ther studies, the flood type could only be derived from  the study area. Some 
researchers focused on ju st one type, others explored m ulti-flood types. In a 
num ber o f studies (IS ), it was n o t possible to  determ ine any flood type. In 
Table 4-1, m ain distinction is m ade betw een  river, coastal and flash floods. 
M ost studies in flood risk perception  research deal w ith  river floods (26). 
Studies on flash floods (9) and coastal floods (8) form  a sm aller group. Three 
single studies exam ined specific flood types, nam ely g roundw ater flooding 
(Kreibich et al., 2009), sewage flooding (A rthur et al., 2009) and m uddy 
floods (H eitz et al., 2009). W hile som e o f these flood types entail a specific 
cause (e .g ., sewage flooding as a consequence o f sewage m alfunction), general 
flood causes such as rainfall, sto rm  surge, typhoon /hurricane , are often n o t 
repo rted . Seven studies exam ine o ther hazards n ex t to  flood risks, such as 
landslides (W agner, 2007; Ho et al., 2008; Lin et al., 2008), earthquakes (Ge 
et al., 2010) and chemical releases (Lindell and Hwang, 2008).

4.5  S urvey  m e th o d s

All b u t tw o  studies conducted a cross-sectional survey on respondents. This 
study design involves observation o f all o f a population, or a representative 
subset, a t a defined tim e (Saunders et al., 2006). Keller et al. (2006) and 
T erpstra  et al. (2009) have used (quasi-)experim ental designs, in which 
respondents are surveyed under contro lled  circum stances. Choosing the 
appropriate survey m ethod  encompasses num erous decisions regarding 
questionnaire characteristics and sampling technique.

4.5.1 Q uestionnaire  characteristics

In o rder to  m easure or grasp the perception, a ttitude or behaviour o f people, 
a w ell-developed questionnaire is o f param ount im portance. W hile it is 
encouraged to  reuse approved or standardized questionnaires in surveys 
(Lindell and Perry, 2000; Bird, 2009), it seems tha t m ost researchers in flood 
risk perception  studies develop their ow n questionnaires (e .g ., Brilly and 
Polic, 2005; Siegrist et al., 2006; T erpstra  et al., 2006; Ali, 2007; Benight et 
al., 2007; Armas and Avram, 2009; Heitz et al., 2009; Hung, 2009; Lara et 
al., 2010; Lopez-M arrero and Yarnal, 2010) or adapt questionnaires from  
o ther w ork  to  fit their specific needs (e.g ., Kreibich et al., 2007; Thieken et

91



Chapter 4

al., 2007; Raaijmakers et al., 2008; T erpstra  et al., 2009; Keilens et al., 2011). 
Few studies re p o rt tha t their questionnaires had been tested , for exam ple by 
focus groups (Armas and Avram, 2009), households (Zaalberg et al., 2009), or 
experts (Krasovskaia, 2001; Benight et al., 2007; Botzen et al., 2009b). Even 
in theoretically-based research, studies m ake (small) adaptations to  the 
questionnaire. For exam ple, Ge et al. (2010) and Lin et a l.(2008) em ployed 
the Psychom etric Paradigm  for their research, yet the applied item s to  
m easure risk percep tion  differ betw een  bo th  studies (cf. Section 4 .7 .1 ) .

As far as it is indicated, the m ajority  o f the  studies em ploy bo th  closed and 
open questions. Closed questions produce results tha t are easily sum m arized 
and translatable into statistical m odels while open questions produce verbatim  
com m ents adding depth  and m eaning (Bird, 2009). As Table 4-1 depicts 
(colum n ‘Analysis m ethod  ), the  m ajority  o f the studies focuses on 
quantitative analyses (Q N ), though several studies explicitly com bine these 
analyses w ith  a qualitative approach (e .g ., M cEwen et al., 2002; Heitz et al., 
2009; Lopez-M arrero and Yarnal, 2010). The o ther studies m ostly  use open 
questions uniquely to  in te rp re t results and discuss on findings.

A lthough the m ajority  o f the  studies does n o t specify the num ber o f questions 
in their survey, it seems tha t this num ber generally lies betw een  20 and 40 
questions (e.g ., Armas and Avram, 2009; Heitz et al., 2009). Extrem e cases 
are the studies o f Siegrist and G utscher (2006) and Thieken et al. (2007) who 
have utilized a questionnaire w ith  110 and 180 questions respectively. Though 
there  are no stric t rules for length  and duration  o f a questionnaire, Saunders et 
al. (2006) have rep o rted  tha t the num ber o f questions in a survey is negatively 
correlated  w ith  the response ra te . A questionnaire should contain as many 
questions as necessary and as few  as possible (Sarantakos, 2005).

4.5.2 Sampling technique

In o rder to  obtain a represen tative sample, m ost studies have endeavoured a 
probability m ethod, such as simple random  (H eitz et al., 2009; H orney et al., 
2010), stratified sampling (Lopez-M arrero and Yarnal, 2010) or cluster 
sampling (H orney et al., 2010). W hereas in simple random  sampling each 
individual o f the  population has an equal chance o f being selected (e .g ., by 
random  selection o f telephone num bers), stratified sampling considers 
subgroups or ‘stra ta’ o f individuals which are m utually  exclusive (e .g ., strata 
based on resource endow m ent such as low er, interm ediate and upper
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incom e). C luster sampling differs from  stratified sampling in tha t its groups or 
clusters are based on natural groupings. Each cluster is then  trea ted  as the 
sampling unit, i.e ., analysis is done on populations o f clusters (Saunders et al.,
2006). D espite the  im portance o f the sampling m ethod  regarding 
representativeness o f the sample, only a m inority  o f the studies repo rts  on the 
m ethod  o f sampling.

Regarding target group, m ost studies simply address the general public, 
w hether or n o t located in a flood-prone area (e .g ., Armas and Avram, 2009; 
Figueiredo et al., 2009). Some studies specify the target group, such as 
farm ers (H eitz et al., 2009), hom eow ners (Botzen et al., 2009a) and flood 
victims (W hitm arsh, 2008). O ther studies also survey non-public groups such 
as local authorities (G e et al., 2010) and decision m akers (C orreia et al., 
1998).

As far as delivery m ethod  is concerned, Bird (2009) distinguishes betw een  
self-adm inistered and adm inistered m ethods. Am ong the self-adm inistered 
m ethods, questionnaires can be d istributed either via mail or email. D espite 
the  increasing in terest in on-line questionnaires (e .g ., Knocke and Kolivras, 
2007; T erpstra  and G utteling, 2008; Botzen et al., 2009a; M artens et al., 
2009), mail d istributed questionnaires rem ain  the m ost popular self- 
adm inistered m ethod  (e .g ., Siegrist et al., 2006; Benight et al., 2007; Zhai and 
Ikeda, 2008; Zaalberg et al., 2009; Keilens et al., 2011). Being cost effective 
and easy to  use, mail questionnaires are appropriate to  reach a broad group of 
respondents. O n-line questionnaires on the o ther hand are beneficial tow ards 
tim e budget and financial costs (no printing costs, less processing tim e o f data) 
and allow  the inclusion o f m ore  com plex questions (e.g ., questions tha t are 
only visible to  certain  groups). The adm inistered m ethod  relies on interview s, 
either face-to-face or by telephone. A lthough these m ethods ensure high 
response rates, they are very labour-intensive and therefore generally less 
advantageous for surveying large samples. N onetheless, som e researchers have 
obtained samples over 500 respondents using com puter-aided telephone 
survey softw are (CATI) such as V O X C O  (Kreibich et al., 2009). A m inority  
o f the  studies (Krasovskaia, 2001; T erpstra  et al., 2006; Birmingham et al., 
2008; Harries, 2008; T erpstra  et al., 2009; Lara et al., 2010) have used focus 
groups. This m ethod  is particularly in teresting for retrieving qualitative 
responses.

The th ird  colum n in Table 4-1 depicts the  num ber o f respondents or sample 
size per study betw een  brackets, n ex t to  the  delivery m ethod . In case m ore  
than one delivery m ethod  is used, the sample size is indicated per m ethod,
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unless no inform ation is provided in the study. Tw elve studies had less than 
100 respondents, 14 studies had sample sizes o f 101 to  400, and as m uch as 30 
studies had m ore  than 400 respondents. O ne study (Raaijmakers et al., 2008) 
failed to  re p o rt the  sample size. As Lindell and Perry (2000) indicate, studies 
w ith  N  >  400 have excellent pow er to  produce significant results w hich are 
also represen tative for the to tal population. The co rrec t sample size depends 
on the desired confidence level, the degree o f reliability, and the degree of 
validity (Knocke and Kolivras, 2007). H ow ever, larger sample size invoke 
low er confidence limits, so a trade-o ff needs to  be m ade betw een  precision 
(reproducibility) and accuracy (closeness to  the  real value) (A lreck et a l., 
2004).

4 .6  A nalysis m e th o d s

In this section, distinction is m ade betw een  quantitative and qualitative 
analysis m ethods. W hereas quantitative studies are based on num erical data 
and statistical analyses, qualitative research uses verbal data and analyse this 
th rough conceptualization (Saunders et al., 2006). H ow ever, it is som etim es 
difficult to  distinguish bo th  techniques. For exam ple, som e studies (e.g ., 
M cEwen et al., 2002; Lopez-M arrero, 2010) have (partly) gathered 
inform ation in a qualitative m anner (e .g ., trough  open questions), b u t then  
have processed these data in a quantitative way. These doubtful cases w ere 
indicated w ith  b o th  Q L (qualitative) and Q N  (quantitative) in Table 4-1.

H ereafter, the  m ost frequently  used quantitative and qualitative techniques in 
flood risk perception  research are discussed. W hile the m ajority  o f the studies 
in flood risk percep tion  have em ployed quantitative techniques, several 
qualitative m ethods are also w o rth  m entioning.

4 .6 .1 Qualitative m ethods

Frequently  used qualitative techniques are con ten t analysis, discourse analysis 
and cognitive m apping. C on ten t analysis is defined as a systematic, replicable 
technique for com pressing m any w ords o f te x t into few er con ten t categories 
based on explicit rules o f coding (K rippendorf, 2004). Several studies (e.g ., 
C orreia et al., 1998; Knocke and Kolivras, 2007; W agner, 2007) have 
em ployed this technique to  simplify and s tructu re  large am ounts o f qualitative 
data to  m eaningful inform ation. D iscourse analysis is a general te rm  for every
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type o f analysis involving verbal inform ation. W hen  narrow ly defined, it 
signifies the transcrip tion  and discussion o f com plete conversations or p art of 
conversations. Birmingham et al. (2008) and H arries (2008) have used this 
technique to  discuss about the concerns and preferences o f respondents 
regarding local flood risk. W hereas con ten t and discourse analysis are 
restric ted  to  verbal descriptions, cognitive m apping adds a visual or spatial 
com ponent to  a perso n ’s explanation. M oreover, the m easurem ent of 
cognitive factors is also deem ed an im portan t factor in risk perception  
(Douglas, 1992). Ruin et al. (2007) em ployed cognitive m apping as a way to  
assess m o to ris ts’ flash flood risk percep tion  on the ir daily itineraries. 
G eographic inform ation systems w ere consequently used to  visualize the 
qualitative data onto  a m ap. Ruin proposes to  call these m aps ‘perception  
m aps’.

4.6.2 Q uantitative m ethods

Regarding quantitative research, it is clear tha t a m u ltitude  o f statistical 
m ethods have been em ployed in the  dom ain o f flood risk  perception, such as 
bivariate tests, tests o f difference for tw o sample designs (e.g ., t-test, Mann- 
W hitney), (m ultivariate) analyses o f (co)variance (ANOVA, A N CO V A  and 
M ANO VA), (m ultiple) regression and factor analyses. A lthough m ost studies 
em ploy one or m ore  o f these tests, som e are restric ted  to  descriptive analyses 
o f quantitative data (e.g ., Devilliers and Maharaj, 1994; W ong et al., 2001; 
Ali, 2007; Lara et af., 2010).

As for bivariate analyses, typical correlation  coefficients are Pearson (interval 
data), Spearman (ordinal data) and Chi-square (nom inal data). W hereas som e 
authors only m ention  ‘in tercorre lations’ w ithou t fu rther inform ation, others 
(e .g ., Ho et al., 2008; T erpstra and G utteling, 2008) state the type of 
coefficient tha t is used. Spearm an’s coefficient is m ost often  applied since it 
allows com paring ordinal variables, such as various risk perception  aspects. 
Tests o f difference for tw o  sample designs are also frequently used in risk 
perception  research. Siegrist and G utscher (2008), for example, em ployed the 
independent t-test, Kreibich et al. (2007; 2009) and Thieken et al. (2006;
2007) used the nonparam etric  M ann-W hitney test.

A large num ber o f studies em ployed (m ultiple) regression m odels to  clarify 
the relationship betw een  a dependent or criterion  variable (e .g ., risk 
perception) and a set o f independent or p red ic to r variables (e.g ., Griffin et al.,
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2008; Miceli et al., 2008; Zaalberg et al., 2009; 2010; Keilens et al., 2011). 
The advantage o f applying m ultip le regression instead o f several bivariate 
correlations (betw een  the crite rion  variable and each o f the pred ic to r 
variables) is tha t m ultip le regression corrects for the correlations am ong the 
pred ic to r variables (Brace et al., 2006). Some studies applied analysis o f 
variance (e .g ., Benight et al., 2007; Pagneux et al., 2011), analysis of 
covariance (K eller et al., 2006) or m ultivariate analysis o f variance (T erpstra et 
al., 2009), w hich are all specific analyses o f the general approach adopted in 
m ultip le regression. A less frequently  used alternative to  m ultip le regression is 
logistic regression (G rothm ann and Reusswig, 2006), in w hich the criterion  
variable is dicho tom  ous. This approach implies a simple and straightforw ard 
way o f m easuring risk perception . Birmingham et al. (2008), for example, 
assessed risk perception  by asking the responden t w hether he or she was 
aware o f living in a flood-prone area (answ er was yes or n o ) . O th er regression 
analyses tha t have been  em ployed are fuzzy regression (Hung, 2009), T obit 
regression (Zhai and Ikeda, 2006) and hedonic regression (Zhang et al., 2010). 
A m ore  sophisticated form  o f regression is Structural Equation M odelling 
(SEM), which has been perform ed in four studies (Zhai et al., 2006; Zhai and 
Ikeda, 2008; Zaalberg et al., 2009; T erpstra, 2011). This m ethod  combines 
m ultip le regression analysis w ith  factor analysis and connects b o th  by 
specifying non-m easured la ten t variables. The possibility to  include m ultip le 
dependent variables and the inclusion o f m easurem ent errors makes SEM 
advantageous to  others.

4 .7  T h e o r ie s  and  em pirica l findings

In this section, an overview  is p resen ted  o f the  theories tha t have been 
em ployed in flood risk percep tion  research and the m ost im portan t empirical 
findings tha t have resu lted  from  them . Main distinction is m ade betw een  
studies that exam ined how  people perceive flood risks (cf. Section 4 .7 .1 )  and 
studies that focused on peop le’s behaviour in response to  their exposure to  
flood risk (cf. Section 4 .7 .2 ) . The few  em pirical studies tha t exam ined flood 
risk com m unication are discussed in Section 4 .7 .3 . This section ends w ith  an 
overview  o f im portan t variables tha t have n o t been included in form al theories 
or tested  as such (Section 4 .7 .4 ).
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4 .7 .1 Examining risk perceptions 

Psychometric Paradigm

An influential and popular theoretical fram ew ork in risk  percep tion  research  is 
the Psychom etric Paradigm . This theory, in troduced  by Fischhoff et al. (1978) 
and Slovic (1987), a ttem pts to  quantify individual’s risk perceptions and 
attitudes through survey questionnaires. It fu rther assumes that m any 
characteristics o f risk percep tion  and their interrelationships can be quantified 
and m odeled. In the  questionnaires respondents are asked to  express their 
perceptions on rating scales (expressed preferences) about various 
characteristics o f the  risk (e .g ., severity and long-term  consequences), their 
personal ability to  cope w ith  the risk (e .g ., controllability, know ledge), their 
feelings (e .g ., dread), and their attitudes tow ard  risk m anagem ent (e.g ., 
tru st). The quantitative ratings allow  com parisons betw een  risks (e .g ., natural 
vs. technological hazards), b u t also betw een  specific groups in the  society 
(e .g ., ethnic groups) and betw een  countries (Boholm, 1998).

Applications o f the  Psychom etric Paradigm  indicate tha t flood risk is perceived 
differently betw een  countries. For instance, m ean  ratings am ong a sample of 
Chinese lay people (G e et al., 2010) indicated tha t flood risk is perceived as an 
involuntary, uncontrollable, potentially  fatal and catastrophic risk tha t evokes 
high levels o f dread, b u t w hich is also seen as an ‘old ’ risk, fairly know n to 
bo th  scientist and exposed citizens. In contrast, studies from  the N etherlands 
(T erpstra et al., 2006; T erpstra  et al., 2009) indicate tha t D utch citizens are 
ra ther fearless w ith  regard  to  flood risks, although the D utch generally believe 
the risk is increasing due to  global w arm ing. O ne factor tha t is im portan t for 
explaining such differences is the ex ten t to  which people are exposed to  floods 
(e .g ., due to  differences in public flood p ro tec tion  and personal experiences). 
Lin et al. (2008) found tha t Taiwanese flood victims, com pared to  n o n ­
victims, perceived m ore  dread, larger flood likelihood and consequences, and 
less personal contro l. H ow ever, victims and non-victim s did n o t differ in their 
tru s t in the governm ent’s, experts’ and the mass m edia’s capabilities to  
respond flood crises (see also Ho et al., 2008) who rep o rted  on the same data). 
In addition to  exposure, differences betw een  countries may be explained by 
cultural differences or differences in social norm s and values betw een  
societies. Ge et al. (2010) com pared risk ratings from  Chinese lay people to  
ratings o f Am erican citizens w hich w ere previously rep o rted  by Slovic (1987). 
A lthough the ratings from  the tw o studies w ere quite similar for som e risks 
(e .g ., nuclear pow er w ere  in b o th  countries perceived as the num ber one
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risk), a com parison on floods could n o t be m ade since Slovic’s study did n o t 
include flood risks (which was perceived as the second highest risk am ong the 
Chinese lay people). Yet, such com parisons are m uch needed  in o rd er to  gain 
insight in the  ro le  o f cu lture  in risk perceptions. Ideally, they should be m ade 
w ithin a single study to  assure uniform ity in the  survey m ethodology and to  
avoid large tim e gaps betw een  the surveys (the tim e gap betw een  Slovic’s and 
G e’s studies was m ore  than 20 years, w hich makes d irect com parisons 
betw een  risks ratings questionable).

Heuristics

A nother influential line o f research is know n as ‘heuristics’. Heuristics, or 
simple and efficient rules o f thum b, are often used by people to  simplify 
com plex problem s and to  m ake decisions w ithou t using all o f their cognitive 
capacities. A lthough heuristics can be very helpful in daily life, research has 
show n tha t the heuristics are som etim es prone to  system atic biases caused by a 
num ber o f psychological phenom ena. W ell-know n are the  availability 
heuristic, the representativeness heuristic, and the anchor and adjustm ent 
heuristic (Tversky and Kahnemann, 1974). A fourth  heuristic tha t is gaining 
increasingly m ore  a tten tion  in flood risk research is the  affect heuristic (Slovic 
et al., 2004), w hich is closely connected w ith  the risk-as-feelings hypothesis 
(M iceli et al., 2008). Keller et al. (2006) po in ted  to  this heuristic by testing 
the effect o f affect-laden im agery on respondents. The results o f their 
experim ents suggested tha t affect (e .g ., fear) is im portan t for successful risk 
com m unication. O th er researchers, such as Siegrist and G utscher (2008), 
Miceli et al. (2008) and T erpstra  (2011), have also acknow ledged the 
significance o f affect in perceiving and com m unieating flood risks.

Non-theoretical approaches to risk perception

A lthough bo th  the Psychom etric Paradigm and the heuristics approaches are 
influential m ethods in risk percep tion  research, it seems tha t the  m ajority  of 
the studies w hich focus on flood risk perception  does n o t em ploy them . The 
m ain reason for this finding lies in the explorative na tu re  o f m ost o f these 
studies, w hich is reflected  in the m any risk perception  characteristics tha t have 
been m easured. H ow ever, the differences in m easurem ent also suggests there  
exists no consensus on the type o f questions or item s tha t are needed to  
m easure the various aspects o f risk  perception. As Miceli et al. (2008)
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indicate, flood risk percep tion  is a com plex process tha t encompasses bo th  
cognitive (e .g ., likelihood, know ledge, e tc .) and affective (e .g ., feelings, 
perceived control, e tc .) aspects. Therefore, m ost studies em ploy (a different 
set of) m ultip le questions or item s to  m easure the various aspects o f risk 
perception . In o rder to  process the items, different m ethods are applied. M ost 
researchers (e .g ., Heitz et al., 2009) preserve the item s as separate variables, 
b u t o ther authors like Miceli et al. (2008) or Keilens et al. (2011), respectively 
use the Partial C redit M odel (PCM ) and factor analysis to  transform  several 
item s into one score. H ow ever, in som e studies, perceived levels o f flood risk 
have been m easured by only one question or item . Examples are given in 
Birmingham et al. (2008) and H orney et al. (2010).

To structu re  the  m easurem ent o f risk perception, Table 4-1 classifies five 
different and frequently  used variables or item s w ithin non-theoretical 
perception  research6: item s rela ted  to  (i) awareness (or consciousness; e.g ., 
‘A re you aware tha t you live in a flood-prone area?’), (ii) affect (or w orry, 
fear, concern; e .g ., ‘Do you feei personally endangered by a flood?’), (iii) 
likelihood (or probability; e .g ., ‘W hat do you th ink about the chances o f a 
flood in your neighbourhood w ithin the n ex t 10 years?’), (iv) im pact (or 
consequences, vulnerability, e .g .,; ‘Rate following statem ent: A flood will 
have fatal consequences for m e and m y family. ) and (v) cause (or origin; e.g ., 
‘Can you indicate the  cause o f the  flood risk in your neighbourhood?’). The 
item s o f im pact and likelihood are m ost often em ployed (respectively in 23 
and 18 studies), follow ed by aw areness (14 studies), affect (11 studies) and 
cause (8 studies). The frequent application o f im pact and likelihood is n o t 
startling given tha t flood risk is usually defined by the p roduct o f the 
probability tha t a flood hazard (likelihood) occurs w ith  its consequences 
(im pact). M ost studies thus focus on b o th  aspects in their m easurem ent of 
flood risk perception.

4.7.2 Examining behaviour

Lindell and Perry  (2004) distinguished th ree  m ajor categories o f peop le’s 
behaviour in the con tex t o f environm ental hazards: (i) m itigation, (ii) 
preparedness and (iii) recovery. The th ree  phases each occur a t a different 
tim e relative to  the actual flood event, o r m ore  in general, a t different tim es

6 In th e  case o f  th e o re tic a lly  su p p o rte d  re sea rch , th e  o rig in a l item s fo r  risk  p e rc e p tio n  are 
d isp layed  in  th e  tab le .
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during the consecutive hazard phases, also know n as the  hazard life cycle or 
safety chain (FEMA, 2003; ten  Brinke et al., 2008). M itigation m easures are 
defined as those m easures tha t have been  taken in the  past. Because these 
m easures do n o t requ ire  action during im pact, Lindell and Perry  (2004) 
classified them  as ‘passive p ro tec tion  m easures’ (e .g ., raisings o n e’s hom e 
above the flood level). Preparedness m easures on the o ther hand are last-call 
safety m easures actions tha t are im plem ented shortly before or during im pact 
( ‘active p ro tec tion  m easures’ such as placing sand bags, m oving lu rn itu re  to  
u pper floors, evacuation, e tc .). Recovery m easures support people in 
re tu rn ing  to  a norm al state and in recovering the ir equilibrium . Flood 
insurance is such a recovery  m easure, because it helps people to  deal w ith  the 
financial consequences o f floods.

In Table 4-1, m ain distinction is m ade betw een  m itigation and preparedness. 
A tten tion  is fu rther given to  studies tha t focus on insurance, inform ation 
seeking and evacuation. N o t surprisingly, the b roader classes m itigation 
behaviour (26 studies) and preparedness behaviour (18 studies) are m ore  often 
rep o rted  on than the m ore  specific behaviours such as flood insurance (14 
studies), inform ation seeking (7 studies), evacuation (4 studies) and non- 
pro tective responses (4 studies). A fu rther classification analysis is im perative, 
b u t will n o t be m ade here. Instead, w e will shift our focus to  the  theories and 
variables tha t have been applied to  pred ict peop le’s behaviour in general. 
D istinction is m ade betw een  the so-called Expectancy Valence theories (e.g ., 
P ro tec tion  M otivation Theory), applications o f the contingent valuation 
m ethod  and qualitative approaches. The section ends w ith  a b rie f overview  of 
studies tha t have exam ined the above-m entioned behaviours b u t tha t have n o t 
em ployed a form al theory.

Expectancy Valence approaches

In the field o f environm ental hazards researchers have tried  to  explain 
peop le’s adaptive behaviours m ost often by applying Expectancy Valence (EV) 
m odels. EV m odels are ro o ted  in V room  s (1964) expectancy theory, which 
proposes that peop le’s behaviour can be pred icted  from  their valences for 
different outcom es (e .g ., desire to  p ro tec t oneself against a perceived flood 
risk), the  instrum entalities o f their perform ance o f actions leading to  those 
outcom es (e.g ., installing flood barriers), and expectancies about the 
relationship betw een  the ir effort and successful perform ance (e .g ., expected 
flood risk reduction). Various m ore  specific theoretical m odels dealing w ith
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how  people adapt to  environm ental hazards have adopted the propositions of 
EV theory. In our flood risk database these theories include the P ro tection  
M otivation Theory (PM T), the Protective A ction D ecision M odel (PADM; 
Lindell and Perry, 2000; Lindell and Perry, 2004), the M otivation In tention 
V olition M odel (MIV; M artens et al., 2009) and the Risk Inform ation Seeking 
and Processing m odel (RISP; Griffin eta l., 1999).

Both G rothm ann and Reusswig (2006) and Zaalberg et al. (2009) have applied 
the P ro tec tion  M otivation Theory to  flood risks. C entral to  PM T are tw o 
processes: th rea t appraisal and coping appraisal. W hile th rea t appraisal refers 
to  o n e’s risk perception, coping appraisal expresses a perso n ’s perceived 
ability to  cope w ith  and avert being harm ed by a threat. PM T defines th ree 
constructs tha t p red ict coping appraisals, nam ely response efficacy (the ex ten t 
to  which som ething is perceived as effective for reducing a th reat), self- 
efficacy (the level o f confidence in o n e’s ability to  undertake the 
recom m ended preventive behaviour), and response costs (assumed cost o f 
taking the preventive behaviour). The theory  fu rther considers the  influence 
o f non-pro tective responses, such as denial, fatalism and wishful thinking. 
G ro thm ann and Reusswig (2006) found tha t bo th  th rea t and coping appraisal 
determ ined  peop le’s adoption o f flood hazard adjustm ents in the past (e .g ., 
construction  o f structural m easures, purchase o f p ro tec tion  devices, etc .). 
Zaalberg et al. (2009) took  these results one step fu rther by looking at the 
individual contributions o f perceived vulnerability, severity, response- and 
self-efficacy. W hile they found significant effects o f response-efficacy on 
behavioural intentions, their m easure o f self-efficacy did n o t p red ict 
behavioural intentions. This is rem arkable because review s o f PM T in o ther 
domains (prim arily health) have indicated tha t self-efficacy is one o f the 
strongest predictors o f peop le’s in tentions and adaptive behaviour (N orm an et 
al., 200S). A possible explanation lies in the difficult operationalization o f self- 
efficacy, w hich has been  previously rep o rted  by W einstein  (1993). He 
observed tha t in PM T-studies m easures o f self-efficacy often question ‘the 
problem s individuals expect to  encounter in adopting the precaution or 
doubts about their ability to  change cu rren t patterns o f behaviour’, which 
refer m ore  to  the barriers or costs to  do som ething (response costs) than to 
o n e’s self-efficacy.

The Protective A ction Decision M odel (PADM ; Lindell and Perry, 2000; 
Lindell and Perry, 2004) is closely rela ted  to  PM T and has especially been 
applied to  earthquake hazards. PADM  has extended the concept o f response- 
efficacy to  th ree  so-called efficacy attribu tes (perceived efficacy o f hazard
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adjustm ents to  p ro tec t to  people, to  p ro tec t property , and their u tility  for 
o ther situations). In addition, the efficacy attribu tes are distinguished from  
resource requirem ents (i.e ., the  ex ten t to  w hich adjustm ents are perceived to  
requ ire  m oney, tim e and effort, know ledge and skills, cooperation  from  other 
people, and specialized tools and equipm ent). Efficacy attribu tes are thus 
closely rela ted  to  P M T ’s response efficacy, whereas the  resource 
requirem ents are closely re la ted  to  PM T ’s response costs. Studies conducted 
by H orney et al. (2010) and Lindell and Hwang (2008) w ere bo th  inspired by 
the predictions o f PADM  b u t focused on perceived and actual flood risk ra ther 
than on the ro le  o f the  efficacy attribu tes and resource requirem ents.

The M otivation-Intention-V olition m odel (MIV; M artens et al., 2009) also 
relies on individual appraisals and proposes th ree phases tha t lead to  adaptive 
behaviour. M otivation results from  perceived risk  b u t may be ham pered by a 
lack o f perceived personal responsibility and tendencies to  avoid or suppress 
the perceived threat. A perso n ’s in ten tion  to  adopt hazard adjustm ents is 
fu rther influenced by perceived response and self-efficacy. Finally, in the 
volition phase in tentions are tu rn ed  into actions depending on the situational 
barriers tha t are encountered. M artens et al. (2009) em ployed la ten t class 
analysis to  differentiate groups according to  their m otivation. A lthough their 
m ethod  appeared useful to  provide inform ation for targeting risk 
com m unications to  specific groups, it had lim ited pow er to  infer the 
constructs’ contributions to  the  explained variance in peop le’s adjustm ent 
decisions.

The Risk Inform ation Seeking and Processing (RISP) fram ew ork, developed 
by Griffin et al. (1999), can be clearly distinguished from  the previous theories 
since it deals specifically w ith  inform ation seeking and inform ation processing 
tendencies (heuristic and system atic processing). The central concept o f the 
m odel is a construct called ‘inform ation insufficiency’, w hich is defined as the 
gap betw een  a p e rso n ’s cu rren t know ledge and h is /h e r  know ledge threshold 
(i.e ., w hether his or her cu rren t know ledge is perceived as less than 
sufficient). T ranslated to  the  con tex t o f flood risks, Griffin et al. (2008) 
dem onstrated  tha t the desire for risk-related  inform ation and in tentions for 
inform ation seeking and processing was associated w ith  anger at managing 
agencies, as w ell as w ith  g reater risk judgm ent o f harm  due to  fu tu re  flooding, 
g reater sense o f self-efficacy, low er institutional trust, and causal attributions 
for flood losses as being due to  poor governm ent m anagem ent. G rothm ann 
and Reusswig (2006) also exam ined inform ation seeking behaviour in relation
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to  coping appraisal, though they could n o t find a correlation  betw een  bo th  
constructs.

Applications o f Contingent Valuation Methods

R ather than a form al psychological theory, CVM is an econom ical approach to  
elicit peop le’s preferences for public goods, such as environm ental quality or, 
in this case, flood pro tection . Specifically, CVM uses survey m ethods to 
analyse and explain peop le’s willingness to  pay (W TP), w hich is a m onetary  
assessm ent o f peop le’s preferences.

Zhai p ioneered  in this study field by applying CVM to  peop le’s W T P  for flood 
risk reduction  and for avoiding evacuation inconveniences. A first study — by 
Zhai et al. (2006) — showed tha t peop le’s W T P  for flood risk m easures may 
increase per capita incom e, individual preparedness, a n d /o r  experience w ith 
flooding, b u t may decrease w ith  distance from  a river, acceptability o f flood 
risk, and provision o f environm ental inform ation. A second study — by Zhai 
and Ikeda (2006) — exam ined the relation  betw een  flood risk acceptability and 
the econom ic value o f evacuation (m easured by willingness to  pay for avoiding 
evacuation inconvenience). Zhai and Ikeda (2006) found tha t bo th  flood risk 
acceptability and hom eow nership  w ere  tw o m ajor statistically significantly 
determ inants o f the  W T P . The authors suggested that there  is a tradeoff 
betw een  the public W T P  s for ex ante or ex post m easures. Later w ork  by 
Zhai and Ikeda (2008) analysed flood risk acceptability inspired by the 
Rational A ction Paradigm. In particular, the authors argued tha t the 
acceptance o f risks should be view ed w ithin a m ulti-risk  contex t. As such, 
they found tha t flood risk perception  and acceptability is correlated  w ith  the 
perception  o f o ther risks (e .g ., technological risks). Finally, H ung (2009) 
incorporated  fuzzy set theory  into contingent valuation analysis to  exam ine 
peop le’s a ttitude  tow ards flood insurance purchasing under preference 
uncertain ty . Hung found tha t the perceived level o f flood risk, experience 
w ith  flood, disposable incom e, as well as house conditions and tru s t in the 
governm ent are influential factors in the  decision-m aking process for 
insurance purchase.

Qualitative approaches

W hereas standard com m unication m odels such as the norm ative theory  (cf. 
Section 4 .2 .2 )  focus on the com m unication in tw o directions, som e authors 
have suggested qualitative approaches tha t focus entirely  on the receiver o f the
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risk inform ation, its risk knowledge, its preferences (cf. non-pro tective 
responses), and its inform ation seeking behaviour.

A prom ising qualitative m ethod  is the m ental m odels approach, which is 
w idely applied in cognitive psychology (W eym a, 2003). In short, a m ental 
m odel reflects a perso n ’s thought process about h is /h e r  observations in the 
real w orld . These though t processes are m ost often identified th rough 
qualitative face-to-face interview s. The m ental m odels approach allows the 
identification o f the public’s know ledge schemes tha t are re la ted  to  the risk, so 
tha t the con ten t o f the risk com m unication can be tailored  to  this know ledge 
(Visschers et al., 2007). Assessing w hat the  in tended audience already knows 
or believes about a particular issue is im portan t in designing effective risk 
com m unication messages (Bier, 2001). The m ental m odels approach has been 
em ployed in Lave and Lave (1991) and W agner (2007). Both studies showed 
tha t m ental m odels are useful instrum ents to  obtain qualitative inform ation 
about flood risk perceptions to  im prove risk com m unication. Am ong a 
num ber o f o ther conclusions, Lave and Lave (1991) mainly found tha t people 
know  little  about flood m itigation and preparedness. They acknow ledged the 
im portance o f inform ing individuals about w hat they can do to  m ake their 
houses flood-proof. W agner (2007) found that local conditions have a m ajor 
effect on peop le’s know ledge. Those w ho use m any different sources to  
inform  them selves, express fear about natural hazards, o r have previous 
experience w ith  hazards, generally have a b e tte r  know ledge about the 
particular hazard.

The usefulness o f qualitative research  is also dem onstrated  by H arries (2008), 
who applied the Social R epresentations Theory to  explain why som e 
individuals are m ore  willing than others to  take self-protective actions against 
flood risks. The approach revealed tha t people w ho are at risk w ill be m ore  
susceptible to  risk m itigation if they are able to  relinquish their feeling of 
security, w hich is determ ined  by represen tations o f hom e, na tu re  and society.

Non-theoretical findings on adaptive behaviour

A  num ber o f studies have exam ined peop le’s behaviour tow ards flood risks 
w ithou t the use o f a form al theory.

Using a p ro b it regression analysis, Botzen et al. (2009b), for exam ple, found 
tha t higher perceived flood probability increased citizens’ in tentions of 
purchasing sand bags. M iceli et al. (2008) obtained similar results by
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em ploying correlational and regression analyses. In contrast to  these findings, 
Brilly and Polie (200S) rep o rted  tha t flood concern was n o t significantly 
correlated  w ith  the preparedness to  conduct preventive m easures. Instead, 
they found tha t place o f residence had a strong influence on preparedness 
intentions. O th er researchers have m easured and utilized adjustm ent 
behaviour m ainly to  pose policy recom m endations. Kreibich et al. (2009), for 
exam ple, m easured peop le’s m itigation behaviour in the  con tex t o f 
g roundw ater flooding in G erm any. Based on the very low  num ber of 
precautionary m easures taken by the respondents, they suggested intensifying 
com m unication about this specific type o f flooding. M cEwen et al. (2002) 
from  his side pled for the im plem entation  o f adjustm ents to  ensure that 
sustainable developm ent o f caravan parks is possible. W ong (2001) described 
functional adjustm ent approaches in ru ra l China to  com bat flood hazards. 
A lthough people are rep o rted  to  getting accustom ed to  frequent floods, W ong 
revealed a public dem and for financial reserves by the governm ent so that 
people can invest in hazard-resisting houses.

Regarding evacuation intentions, H orney et al. (2010) found tha t residents 
w ith  a m edium  or high flood risk percep tion  m ore  often  evacuated if they 
lived in an apartm en t or m obile hom e instead o f a stick-built hom e instead. 
This p a tte rn  could n o t be observed for respondents w ith  low  risk perceptions. 
O th er researchers, such as Krasovskaia (2001) and O logunorisa and Adeyem o
(200S), m easured evacuation intentions, b u t did n o t te s t correlations w ith 
o ther variables.

A num ber o f studies have exam ined peo p le ’s a ttitude  and in tentions tow ards 
insurance purchasing. W hile in som e countries (e .g ., Belgium), flood 
insurance is m andatory  (e .g ., as part o f a fire insurance policy), o ther 
countries leave it to  the  residen ts’ decision w hether or n o t to  buy a flood 
insurance. H ow ever, it m ight be difficult for people to  m ake such decision 
tow ards a low -probability, high-loss event (Hung, 2009). Factors tha t have 
been re lated  to  flood insurance adoption are hom eow nership (Takao et al.,
2004), incom e (M cEwen et al., 2002) and flood exposure (Figueiredo et al., 
2009). Thieken et al. (2006) found tha t insured people — com pared to  
uninsured people — exhibit higher in tentions to  carry ou t precautionary 
m easures, such as collecting inform ation, participating in netw orks and 
adapting building use and in terio r equipm ent. In the  afterm ath  o f a large flood 
event, insured people show ed slightly less in tentions to  invest in lu rther 
m itigation in the  fu ture. Overall, how ever, Thieken et al. (2006) w arns for 
alarm ing behaviour since about one-th ird  o f the  in terview ed households who
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w ere affected by the flood, neither purchased insurance n o r invested in loss 
m itigation. Finally, several researchers exam ined insurance a ttitude 
descriptively, w ithou t specific significance-tests or analyses on correlations 
(e .g ., Devilliers and Maharaj, 1994; Lin et al., 2008; Olcina Cantos et al., 
2010 ).

N otew orthy  are tw o studies that exam ined peop le’s risk-seeking behaviour in 
re la tion  to  flood risk perception. Benight et al. (2007) linked risk behaviour of 
m otorists driving th rough an in tersection  w ith  6” o f m oving w ater to  the 
experience o f flood-related  traum as. Botzen et al. (2009a) applied a risk- 
seeking index on financial risks to  the willingness o f people to  purchase flood 
insurance.

4.7.3 Examining risk com m unication

Am ong our selection o f studies, only tw o  have explicitly focused on flood risk 
com m unication. The first study is Griffin and colleagues’ (2008) a ttem p t to  
describe the public’s risk com m unication activity in the con tex t o f flood 
hazards, using the Risk Inform ation Seeking and Processing (RISP) fram ew ork 
(a detailed discussion on their findings has been given in Section 4 .7 .2 ) . A 
second study has exam ined the im pact o f flood risk com m unication on the 
perceptions and attitudes o f the public. By m eans o f a quasi-experim ental 
study, T erpstra  et al. (2009) evaluated the effects o f a small-scale flood risk 
com m unication program  in the N etherlands, consisting o f w orkshops and 
focus-groups. Tw o m echanism s o f a ttitude  change — direct personal 
experience and attitude  polarization — w ere  m easured am ong the participants 
o f the w orkshop and the focus group and w ere subsequently evaluated in a 
p re test-posttest contro l group. In contrast to  w hat was expected, risk 
com m unication had only w eak effects on the partic ipant’s risk perception . In 
search for an explanation o f these findings, the authors addressed a num ber of 
issues, w hich should be considered in fu rther research, such as refined scales, 
hom ogeneous participant samples and a closer correspondence betw een  
inform ation conditions and risk  percep tion  m easures (T erpstra  et a l., 2009).

W hile very few  authors have explicitly addressed flood risk com m unication in 
their research, m any studies have m ade recom m endations tow ard  risk 
com m unication, such as p referred  flood probability form ats, perceived 
uncertain ty  and inform ation preferences. Keller et al. (2006), for example, 
exam ined the effect o f the flood probability form at on risk perception  and
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found tha t participants w ho received risk  inform ation concerning a longer 
tim e period (e .g ., 30 years) perceived m ore  danger com pared w ith
participants w ho received risk inform ation for one year. Bell and Tobin
(2007) w en t fu rther into this m atte r and m easured the effects o f four 
descriptive flood uncertainties in a flood-prone com m unity: a 100-year flood, 
a flood w ith  a 1 p ercen t chance o f occurring in any year, a flood w ith  a 26 
p ercen t change o f occurring in 30 years and a flood risk m ap. They found that 
the 1 percen t description was m ore  effective in conveying uncertain ty  than the 
100-year description, b u t less effective in m otivating attitudes o f concern or 
p ro tection . Finally, Kreibich et al. (2009) m easured the re sp o n d en t’s 
preferences for types o f inform ation dissem ination channels regarding 
g roundw ater flooding. A ccording to  their findings, m eans o f inform ation 
should be preferably radio, television, new spapers and the in ternet.

4.7.4 O th e r  im portan t variables

A num ber o f variables tha t have been rep o rted  are n o t incorporated  in any 
theory, or a t least have n o t been tested  as such. Am ong these are empirical 
results re la ted  to  (i) know ledge, tru s t and p ro tec tion  responsibility, (ii) 
physical exposure and hazard experience, and (iii) socio-dem ographics.

Knowledge, trust and protection responsibility

Hazard know ledge refers to  som eone’s know ledge about a hazard’s genesis, 
its m echanism s o f exposure, and types o f hazard adjustm ents tha t can avoid its 
im pacts (Lindell and Perry, 2004). W hile hazard know ledge is inextricable 
bound up w ith  approaches such as the  RISP m odel (Griffin et al. , 1999) and 
the m ental m odels approach (Lave and Lave, 1991; W agner, 2007) (cf. 
Section 4 .7 .2 ) , it has been found a difficult construct to  quantify (cf. Griffin et 
al., 2008). M ost studies therefore  operationalize hazard know ledge as 
perceived know ledge, by asking respondents to  w hat ex ten t they think or 
believe their know ledge reaches about risk-related  topics. As such, perceived 
hazard know ledge is generally found strongly linked to  perceived vulnerability 
or feeling o f security (Lopez-M arrero, 2010). Botzen et al. (2009a) quantified 
hazard know ledge by asking respondents about the causes o f a flood. They 
found that individuals w ith  little  know ledge o f the causes o f floods have low er 
perceptions o f flood risk. This ou tcom e is supported  by Raaijmakers et al.
(2008) w ho state tha t provision o f flood risk inform ation to  the  public usually
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increases their awareness or perception. Ruin et al. (2007) operationalized 
know ledge in yet another way, nam ely by em ploying cognitive m apping to  
understand  peop le’s decisions regarding flood risks.

W hen  people lack know ledge about a hazard, their risk judgm ents are based 
on the degree to  w hich they tru s t the responsible risk m anagers. As such, 
know ledge is conceptually re la ted  to  tru st. The construct o f tru s t has been 
studied in the con tex t o f the Psychom etric Paradigm (T erpstra et al., 2006), 
affect heuristics (Terpstra, 2011), PM T (G rothm ann and Reusswig, 2006) and 
RISP (Griffin et al., 1999). T rust may refer to  institutional tru s t (e .g ., in the 
governm ent’s abilities to  cope w ith  a flood hazard) or tru s t in specific flood 
p ro tec tion  m easures (e .g ., the  resistance o f a seawall). T erpstra  (2011) no ted  
tha t tru s t and affect share similarities, since b o th  constructs reduce the 
com plexity o f risk judging and consequently serve as a ‘ quick’ guide to  assess 
risks. Both T erpstra  (2011) and H ung (2009) found that tru s t in public flood 
p ro tec tion  was negatively related  to  preparedness and insurance purchases 
intentions, respectively, and G rothm ann and Reusswig (2006) rep o rted  that 
relying on flood p ro tec tion  was negatively correlated  w ith  the adoption of 
flood m itigation m easures in the  past and inform ation seeking. In contrast, 
repo rts  by Lin et al. (2008) indicated tha t higher levels o f tru s t or confidence 
in crisis m anagem ent and provision o f flood warnings (by governm ent, risk 
experts, and m edia), increased m itigation  intentions, insurance purchase 
in tentions and inform ation seeking intentions. These contradicting findings 
seem hard to  explain. It should be noted , how ever, tha t the  th ree  form er 
studies (G rothm ann and Reusswig, 2006; Hung, 2009; T erpstra, 2011) 
focused on the ex ten t to  w hich people tru s t in public flood p ro tec tion  (i.e., 
flood defences), whereas the la tte r study (Lin et al., 2008) focused on the 
provision o f flood w arnings in a crisis situation.

Perceived p ro tec tion  responsibility reflects the degree to  w hich a person 
perceives personally responsible for taking individual p ro tec tion  m easures 
against a hazard. This construct has been addressed m ostly  in the dom ain of 
earthquake hazard (Lindell and Perry, 2000). Em pirical evidence has show n 
tha t adaptive behaviour is m o re  likely w hen people perceive p ro tec tion  as 
their personal responsibility. In the  con tex t o f flood risks, m ost studies 
confirm ed this relationship. For instance, Lara et al. (2010) found that 
personal responsibility is positively correlated  w ith  m itigating actions such as 
m oving furn iture  to  upper floors and inform ation seeking. H ow ever, repo rts  
by T erpstra  and G utteling (2008) suggest that the  correlations o f p ro tec tion  
responsibility may differ be tw een  pro tective actions. A lthough a low er
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damage responsibility was correla ted  w ith  less favourable attitudes tow ards 
private damage m itigation actions, the correlation  w ith  disaster preparedness 
a ttitude  was n o t significant. M oreover, correlations o f p ro tection  
responsibility w ith  behavioural in tentions w ere non-significant, b o th  for 
taking damage m itigation actions and em ergency preparedness actions.

Physical exposure and previous experiences

To date, effects o f physical exposure to  flood hazards and experiences w ith  
previous flood events have been  hardly theorized. N evertheless, num erous 
studies have show n tha t b o th  variables can have effects on risk percep tion  and 
efficacy beliefs o r hazard adjustm ents.

The physical exposure to  a flood hazard is m ostly  determ ined by the resid en t’s 
location, w hich is re la ted  to  the visibility o f and the distance or proxim ity  to  
the hazard source (e .g ., a river, the  sea, e tc .). Positive correlations betw een  
flood hazard proxim ity  and risk percep tion  have been found by Heitz et al. 
(2009) and Lindell and Hwang (2008). From  their findings, it seems that 
people w ho reside farther away from  flood hazard sources (such as coastlines, 
rivers, e tc .) exhibit low er levels o f perceived risk. Lindell and Hwang (2008) 
tested  w hether this ou tcom e is caused by a lack o f hazard experience, b u t they 
could only find partial ra ther than com plete effects. Some authors rep o rted  
tha t p roxim ity  o f o n e’s hom e to  a river or coastline increases behavioural 
in tentions o f taking m itigation and preparedness m easures. Botzen et al. 
(2009b), for exam ple, rep o rted  a marginally significant effect o f p roxim ity  on 
willingness to  buy sand bags. O thers have em ployed hazard proxim ity  and risk 
perception  to  pred ict o ther variables. Zhang et al. (2010), for exam ple, found 
tha t flood risk perception  is a significant m ediating factor be tw een  hazard 
p roxim ity  and p roperty  value.

Previous hazard experiences w ere  generally found to  increase risk  perceptions 
(e .g ., Keller et al., 2006; Siegrist and Gutscher, 2006; Knocke and Kolivras, 
2007; Krasovskaia et al., 2007; Birmingham et al., 2008; Ho et al., 2008; 
Miceli et al., 2008; Lara et al., 2010; Keilens et al., 2011) and the likelihood 
tha t people adopt hazard adjustm ents (e.g ., G ro thm ann and Reusswig, 2006; 
Thieken et al., 2006; Siegrist and G utscher, 2008; Hung, 2009). Pagneux et 
al. (2011) found that people w ith  flood experience had m ore  know ledge and 
b e tte r  understanding o f historical floods. Results by Zhai and Ikeda (2006) 
indicated tha t evacuations can cause inconveniences such as shortages of
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inform ation and food. Such inconveniences w ere regarded  as an im portan t 
factor for causing low  rates o f evacuation in Japan. Several authors (e.g ., 
H alpern-Felsher et al., 2001; Lindell and Perry, 2004) suggested that the 
effect o f experience depends on how  people in te rp re t their experiences or 
w hat they have learned from  them . Factors tha t shape risk perceptions are the 
m agnitude o f the  effect, the  risk target, and the frequency and recency of 
experiences. W hile it is reasonable to  assume tha t large-scale flood hazards 
will have a g reater im pact than a local flood (W ilson, 1990), the concept of 
risk target m ight need a w ord  o f explanation. The risk target indicates 
w hether the  responden t is personally affected by the hazard (personal 
experience) or n o t (com m unity or vicarious experience) (Peacock et al. ,
200S). Botzen et al. (2009a), for exam ple, rep o rted  tha t citizens w ith  previous 
flood and evacuation experience expressed higher perceived flood likelihood 
b u t low er perceived flood consequences, presum ably because hardly any of 
the respondents w ith  flood experience had actually suffered personal flood 
damage. Finally, Siegrist and G utscher (2006) have show n tha t m ore  recen t 
and frequent floods lead to  higher levels o f risk perception  depending on the 
m agnitude and the (personal) damage occurred . Burn (1999) sum m arizes the 
effect o f experience by stating tha t ‘p rio r experience w ith  flood events appear 
to  be m ost useful w hen it is recen t and relevant to  the  cu rren t even t’ .

Several studies have suggested tha t the effects o f experience on perceived risk 
and behaviour are ra ther ind irect than direct, and are thus m ediated  by o ther 
variables. Lindell and Hwang (2008) found tha t perceived personal flood risk 
com pletely m ediated  the effect o f hazard experience on flood m itigation 
behaviour (e .g ., raising electrical com ponents above flood level), b u t risk 
perception  only partly  m ediated  the effect o f experience on flood insurance 
purchase. It was suggested tha t the partial m ediation effect was found because 
o ther unm easured variables may also m ediate effects o f experience. Extensive 
m ediation analyses by Zaalberg et al. (2009) indicated that D utch flood victims 
as com pared to  non-victim s had stronger coping intentions because they 
perceived them selves as m ore  vulnerable to  fu tu re  floods, w hich in tu rn  
resu lted  from  experiencing stronger negative em otions (e .g ., fear) caused by 
their previous flood experiences. Interview s in Switzerland also po in ted  to  the 
idea tha t fear for fu tu re  flood damages is a m ore  im portan t determ inan t o f 
precautionary behaviour for victims than for non-victim s (Siegrist and 
Gutscher, 2008). Their analyses indicated tha t victims com pared to  n o n ­
victims expressed stronger negative (e .g ., fear) and positive em otions (e.g ., 
sociability) as a re su lt o f their flood experiences, received m ore  social support
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from  family, friends (etc .), w orried  m ore  about fu tu re  flooding, perceived 
them selves as m ore  vulnerable and perceived the consequences o f fu ture 
flooding as m ore  severe. Flood victims also perceived higher response efficacy 
and had stronger in tentions to  take adaptive actions (e .g ., m oving furn iture  
upstairs) than non-victim s, b u t did n o t differ from  non-victim s in their 
perceived response efficacy o f preventive actions (e .g ., pu tting  sand bags in 
fron t o f the house) and their in tentions to  take these actions. T erpstra  (2011) 
rep o rted  tha t em otions attached to  previous flood hazard experiences failed to  
have significant, d irect effects on flood preparedness in tentions am ong D utch 
citizens. M ediation analyses indicated tha t although em otions influenced 
preparedness in tentions indirectly, the  m ediations paths differed betw een  
sample locations. The au thor argued tha t the discrepancy m ight be explained 
by the severity o f the disaster consequences com bined w ith  the tim e at which 
the em otions w ere assessed. In particular, T erpstra  (2011) investigated 
em otions tw o m onths after a heavy storm , about fifteen years after m ild river 
floods, and fifty-five years after a severe flood disaster. Because these 
em otions becom e less salient as tim e goes by, the im pact o f these em otions on 
risk perceptions and adaptive behaviours fade away too.

Socio-demographics

Socio-dem ographic characteristics are exam ined in alm ost every study on 
flood risk perception . W hile m ost studies m easure these characteristics 
prim arily to  describe the sample and dem onstrate  its representativeness 
(Knocke and Kolivras, 2007), significant — b u t often small — correlations are 
regularly found w ith  risk  perception  (Griffin et al., 2004). The m ost 
im portan t characteristics seem to  be age, gender, education, incom e and 
hom e ow nership. Age is generally found to  be positively correlated  w ith  flood 
risk perception  (Lindell and Hwang, 2008; Keilens et al., 2011), although 
negative outcom es have also been  found (Botzen et al., 2009a). As for gender, 
several studies (e.g ., Ho et al., 2008; Lindell and Hwang, 2008) found that 
m en  have on average low er perceived levels o f flood risks than w om en. 
H ow ever, Botzen et al. (2009a) discovered the opposite relation. Regarding 
education, low er educated people usually show  higher levels o f risk 
perception  (Armas and Avram, 2009). Ho et al. (2008) refines this re la tion  by 
considering the controllability o f the flood risk. They suggest tha t people w ith 
m ore  years o f education may obtain and understand  new  inform ation m ore  
easily. As a result, they may be aware o f m ore  m itigation actions from  local
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governm ents and experts, and may feei a higher degree o f controllability over 
a disaster. O ften  re la ted  to  the  educational level is income, since people w ith 
a superior educational level have, on average, larger incom es (Armas and 
Avram, 2009). Lopez—M arerro and Yarnal (2010) also recognize a positive 
correlation  betw een  incom e and housing conditions (construction  m aterials) 
and housing location, as people w ith  low er incom es w ill predom inantly  reside 
in poo rer housing conditions in less favourable areas (e .g ., flood-prone areas). 
In general, incom e is negatively correlated  to  risk  percep tion  (Lindell and 
Hwang, 2008; Zhang et al., 2010), though statistical significance is often 
absent (Ho et al., 2008; Botzen et al., 2009a). Finally, hom e ow nership has 
also been re la ted  to  perceived risks. Several studies (e .g ., Birmingham et al., 
2008; Kreibich et al., 2009) suggests tha t owning a p roperty  results in higher 
levels o f perceived risk than ren ting  a residence. G ro thm ann and Reusswig
(2006) explain tha t hom e ow ners may suffer m uch m ore  losses than tenants, 
since a great deal o f flood damage occurs to  the building itself.

4 .8  D iscussion

This chapter p resen ted  an overview  o f the state o f the  a rt in the  research on 
perception  and com m unication o f flood risks, including 57 studies from  22 
different countries. Tw o aspects stand ou t in this review . First is the  diversity 
o f approaches including the use o f theories, m easurem ent instrum ents and 
data analytic procedures. The study field is still very young and subsequently 
attracts m any researchers from  m any different study domains. Researchers 
bring along different approaches, constructs and m ethods, which explains why 
similar goals are assessed in different ways (cf. Boholm, 1998). Second is the 
alm ost com plete absence o f tru e  risk  com m unication research. In this final 
section w e discuss these issues and propose a research  agenda for the near 
future.

4 .8 .1 Theoretical and m ethodological issues

Many theories w ere  used to  p red ic t peop le’s risk  perceptions (psychom etric 
paradigm, heuristics) and their adaptive behaviours (e .g ., PMT, PADM, 
CVM). Q ualitative approaches w ere also used to  m ap ou t peop le’s m ental 
m odels o f flood risks. A pplication o f w ell-established theoretical fram ew orks 
seems necessary to  propose sound hypotheses (i.e ., theoretically justified) that 
can be tested  em pirically using sm art research designs, validated m easurem ent
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instrum ents, and sophisticated data analyses. U ltim ately, this will lead to  
theoretical progression and resu lt in a m ore  com plete understanding of 
peop le’s flood risk perception  and their (non-)adaptive behaviours. So far, 
how ever, the m ajority  o f studies (i.e ., 60% ) refrained from  using theories. As 
a result, approaches and m ethods w ithin the field are often very 
heterogeneous, which makes results from  different studies difficult to  
com pare. This m ight be one o f the m ain reasons w hy som e findings d o n ’t  
seem to  confirm  each o ther or even be inconsistent to  each other. For 
exam ple, m any studies p resen ted  their ow n regression m odels for the 
prediction  o f risk perceptions, attitudes (e.g ., tow ards governm ent relief) or 
in tentions (e.g ., buying flood insurance). A lthough significant pred ictors w ere 
m ostly  found in these m odels, explained variances w ere  often relatively low, 
indicating noise or the  presence o f o ther, non-m easured confounding 
variables. W hile it is im possible to  cancel ou t noise, it is a challenge to  
im prove m easurem ent instrum ents. W e suggest th ree steps to  tackle this 
issue. First, authors can im prove their m easurem ent instrum ents by carefully 
considering the theoretical constructs tha t are needed  to  m easu re /p red ic t 
flood risk perceptions and adaptive behaviours. Second, the operationalization 
o f theoretical constructs can be am eliorated by copying or at least by 
reflecting on previously rep o rted  questionnaire item s. Third, authors should 
re p o rt about the reliability o f their m easures, as w ell as their m eans, standard 
deviations and their correlations. In particular, S tructural Equation M odelling 
(SEM) can be used to  explicitly identify the  presence o f noise (unreliability) in 
m easurem ent instrum ents.

A nother po in t tha t needs m ore  a tten tion  is the analysis o f m ediation  and 
causality. For instance, th ree  studies tested  the ex ten t to  w hich the effects of 
flood experience on adaptive behaviour w ere  m ediated  by flood risk 
perceptions (Lindell and Hwang, 2008; Zaalberg et al., 2009; T erpstra, 2011) 
In o ther w ords, flood experiences w ere  expected  to  stim ulate adaptive 
behaviour because experiences influence peop le’s risk perceptions and their 
perceptions o f flood hazard adjustm ents, w hich in tu rn  influence their 
adaptive behaviours. Perform ing m ediation  analyses is im portan t for 
understanding the relations betw een  variables, which is indispensible for 
advancing theories. In addition, the w ord  ‘because’ suggests tha t one was able 
to  establish causality — for instance, tha t perceived risk causes adaptive 
behaviour and n o t the o ther way around (cf. W einstein  and Nicolich, 1993). 
This is im portan t since m any studies have assum ed causal relations to  p red ict 
risk perceptions a n d /o r  behaviour, b u t provided evidence based on cross­
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sectional research designs. A lthough it is tem pting to  re p o rt on causality, 
cross-sectional surveys cannot provide sufficient evidence to  do so (Lindell 
and Hwang, 2008). To te s t causal relations, (quasi) experim ental and 
longitudinal research designs are needed  in addition to  the cross-sectional 
surveys (Lindell and Perry, 2000). A lthough it has been argued tha t it is 
difficult to  sim ulate flood experiences w ith  severe financial losses in 
experim ents, effects o f d irect (personal) flood experiences and indirect 
(vicarious) experiences produced  by social com m unications can be m easured 
in longitudinal surveys (Siegrist and G utscher, 2008; T erpstra, 2011).

4.8.2 Com m unication issues

It is now  widely acknow ledged tha t risk  com m unication can strengthen 
peop le’s risk awareness and m otivate those at risk to  take preventive actions 
and be p repared  for an em ergency case (H agem eier-K lose and W agner, 
2009). It is fu rther accepted tha t the know ledge o f the public’s risk perception  
is an im portan t factor in building effective risk com m unication strategies 
(Basic, 2009). H ow ever, it is apparen t tha t only a few  studies take the plunge 
to  define recom m endations for flood risk com m unication. M oreover, m ost of 
these recom m endations are indefinite, and the focus or objective o f the risk 
m essage often differs from  situation to  situation. Knocke and Kolivras (2007), 
for exam ple, emphasized the need to  elaborate educational program s on flash 
flood risks. These program s could be accom plished th rough  training sessions, 
presentations at public functions, inform ational fliers, etc ., w hich focus on 
understanding the flood causes and possible consequences, increasing 
awareness o f w arning sources, and inform ing the public about available tools 
and data. Instead o f raising awareness and under standing, Kreibich et al.
(2009) stated tha t com m unication should prim arily concentrate on the 
necessity o f individual preparedness. Bell and Tobin (2007) suggested that 
m ore  extensive use o f qualitative m ethods w ould  also help in the  practical 
in terp re ta tion  o f statistical relationships. Finally, M artens et al. (2009) pled 
for m ore  a tten tion  to  the heterogeneity  of the public. It is n o t sufficient to 
simply provide the same message to  all individuals a t risk because they will 
perceive this inform ation differently and will subsequently respond in 
different ways. A lthough all these recom m endations undoubted ly  have 
im portan t value in risk com m unication, it is difficult to  p u t them  into 
practice.
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In fact, em pirical research on the effects o f flood risk  com m unication is still 
very lim ited. In a quasi-experim ental design, T erpstra  et al. (2009) tested  the 
im pact o f a small-scale flood risk com m unication program  in the N etherlands. 
In contrast to  w hat was expected, risk messages had w eak to  no effect on 
peop le’s risk perception  and attitude  polarization. Yet, their study has cleared 
the way for m ore  research  in this context.

T here is also very lim ited theoretical background w ith  regard  to  flood risk 
com m unication. Griffin et al. (2008) have applied the ir RISP m odel in the 
con tex t o f flood hazards, b u t m any questions rem ain  regarding the cognitive 
and affective processes tha t play a ro le  in peop le’s inform ation seeking 
behaviour.

4.8.3 Future research  agenda

This review  chapter has show n tha t the study field has undergone a rem arkable 
g row th  during the last years. Studies from  around the w orld  have been 
conducted and em pirical evidence is being gathered in  an increasing pace. 
N evertheless, as the previous sections have indicated, there  is room  for 
fu rther research in the field.

First o f all, fu ture research should strive for m ore  theoretical support and 
m ore  m ethodological ‘openness’. T here exist a w ide range o f theories which 
may fulfil the  needs o f w ide range o f objectives. W h eth er the focus is on a 
stric t analysis o f peop le’s risk perception, w hether it is the in ten tion  to  assess 
peop le’s a ttitude  tow ard  preparedness m easures, w hether it is the aim to 
affect peop le’s behaviour, etc ., it is always possible to  rely  on existing 
theories, m odels or fram ew orks. P rofound em pirical testing o f previous 
theories may lead to  new  insights and m odel im provem ents, on condition that 
the selection and m easurem ent o f constructs is ‘open’ and w ell-grounded. 
A fter all, it can be problem atic if studies do n o t re p o rt the  contents o f the 
item s em ployed, since it precludes o ther scholars to  verify how  constructs 
w ere m easured or results w ere obtained.

W ith  regard  to  theoretical extensions and variations, fu tu re  research could 
w ork  tow ards a fram ew ork w hich puts m ore  emphasis on the effects of 
physical exposure and hazard experience. A lthough bo th  constructs have been 
exam ined quite often, they have been hardly theorized  (Birmingham et al. , 
2008; Lindell and Hwang, 2008; Zhang et al., 2010). Fu ture studies in risk
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perception  could fu rther a ttem p t to  em ploy experim ental and longitudinal 
designs m ore  often, in o rder to  enable causality inference.

It has been show n tha t research on the determ inants and the effects o f flood 
risk com m unication is in its early stages. Future research  should address the 
re la tion  betw een  flood risk perception  and flood risk com m unication m ore  
thoroughly. It is apparent tha t m any perception  studies refer to  risk 
com m unication in the ir ‘fu rther research’ (Siegrist and G utscher, 2006; Ge et 
al., 2010; Zhang et al., 2010), b u t very few  link bo th  (Bell and Tobin, 2007; 
K reibich et al., 2009). M ore research should be conducted  on peop le’s 
inform ation preferences (Lindell and Hwang, 2008), on the effects o f risk 
inform ation on peop le’s behaviour (T erpstra et al., 2009) and on fostering 
private adaptation (G ro thm ann and Reusswig, 2006). Stem m ing from  the 
latter, fu tu re  research should also look at various cost-effective m itigation 
m easures and how  these can be im plem ented  in traditional flood risk 
m anagem ent (Botzen et al., 2009b).

In sum, there  is still considerable w ork  to  do. Inspired by Botzen et al. 
(2009a), w e can say tha t research on flood risk perception  and com m unication 
is still in its infancy. A lthough b o th  research dom ains have gone a long way in 
the past decades, there  is need  for m o re  definition, clearer m ethods, and m ore  
com parability.

A p p e n d ix

The table below  presents the  selection o f articles review ed in this chapter.
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Table 4-1 O verview  of peer-review ed empirical studies in flood risk perception research

A u th or,
Y ear

S tu d y  area  
F lood  ty p e

S u rvey  m eth o d  (N )  
A nalysis (m e th o d s) T h eo ry

Flood  risk p ercep tio n  
variables B eh aviou ral variables

Physical E xp osu re  
V ariab les & 
D em ograp h ics

O th e r  im p o rta n t  
variables

Ali, 2 0 0 7
B a n g la d e sh  
R iv e r  f lo o d

FI (4 5 3 )
Q N  ( D e s c r ip t iv e ) - C a u s e M itig a tio n , P r e p a r e d n e s s

E x p e r ie n c e ,  R isk  a re a , 
D e m o g r a p h ic s -

A r m a s  & 
A v ra m , 2 0 0 9

R o m a n ia  (D a n u b e  
D e lta )
R iv e r  f lo o d

FI (1 5 3 )
Q N  ( C o r r e la t io n ,  
A N O V A , C lu s te r ,  
F a c to r )

-
A ffe c t, Im p a c t - R isk  a r e a ,  D e m o g r a p h ic s L o c u s  o f  c o n t r o l

A r th u r  e t  al, 
2 0 0 9

U K  (E d in b u rg h ) 
S e w a g e  f lo o d , 
O t h e r  h a z a rd

FI (1 7 3 )
Q N  ( D e s c r ip t iv e ) - Im p a c t, C a u s e - E x p e r ie n c e ,

D e m o g r a p h ic s

P o te n t ia l  im p r o v e m e n t  
o f  w a s t e w a t e r  t r e a t m e n t  
w o r k s ,  S e w a g e  s e r v ic e  
p r o v id e r 's  p e r f o r m a n c e

Bell & T o b in ,  
2 0 0 7

U S A  (T e x a s , 
W im b e r ly )  
F lash  f lo o d

FI (4 5 )
Q N  (F a c to r ,  t - t e s t ,  
W i lc o x o n )

- A f fe c t - R isk  a r e a

P e rc e iv e d  f lo o d  
u n c e r ta in ty ,  M ap  
a c c u ra c y , N e e d  f o r  f lo o d  
p r o t e c t io n ,  In f o rm a t io n  
p r e f e r e n c e s

B e n ig h t e i  al., 
2 0 0 7

U SA
( C o lo r a d o /T e x a s )  
F lash  f lo o d

M Q  (3 4 2 )
Q N  (A N O V A ) -

A w a r e n e s s ,  A ffe c t, 
Im p a c t

R isk  b e h a v io u r E x p e r ie n c e ,  R isk  a r e a -

B o tz e n  e i  al., 
2 0 0 9 a

T h e  N e th e r la n d s  
R iv e r  f lo o d

O Q  (9 8 2 )
Q N  ( O r d e r e d  p ro b i t ,  
B in a ry  p r o b i t ,  O L S )

-
L ik e lih o o d , Im p ac t, 
C a u s e

R isk  b e h a v io u r
E x p e r ie n c e ,  D is ta n c e  
f r o m  r iv e r , E le v a tio n  
re la t iv e  t o  w a t e r  level

-

B o tz e n  e i  al., 
2 0 0 9 b

T h e  N e th e r la n d s  
R iv e r  f lo o d

O Q  (5 0 9 )  
Q N  (P ro b i t ) - L ik e lih o o d , Im p a c t

M itig a tio n , P r e p a r e d n e s s ,  
In s u r a n c e

E x p e r ie n c e ,  D is ta n c e  
f r o m  r iv e r , E le v a tio n  
re la t iv e  t o  w a t e r  leve l, 
D ik e  p r o t e c t io n

R e sp o n s ib il i ty , C lim a te  
c h a n g e  p e r c e p t io n s

Brilly  & P olic , 
2 0 0 5

S lo v e n ia  (C e lje )  
R iv e r  f lo o d

FI (1 5 7 + 2 0 8 )
Q N  (M u ltip le  
re g re s s io n , C lu s t e r )

-
A w a r e n e s s ,  L ik e lih o o d , 
Im p a c t, A f fe c t

P r e p a r e d n e s s ,  In s u r a n c e E x p e r ie n c e ,  R isk  a r e a
W a r n in g  /  F o r e c a s t  
a t t i t u d e s

B u rn in g h a m  
e t  al., 2 0 0 8

U K  (E n g la n d /W a le s )  
R iv e r  f lo o d

FG , FI (9 3 4 )
Q L  ( D is c o u r s e  an a ly sis), 
Q N  (L o g is tic  
r e g r e s s io n )

- A w a r e n e s s -

E x p e r ie n c e ,  R isk  a re a , 
L e n g th  o f  t im e  a t  
p r e s e n t  a d d r e s s ,  
D e m o g r a p h ic s

P ro v is io n  o f  f lo o d  
w a rn in g  s e r v ic e



A u th or,
Y ear

S tu d y  area  
F lood  ty p e

S u rvey  m eth o d  (N )  
A nalysis (m e th o d s) T h eo ry

Flood  risk p ercep tio n  
variables B eh aviou ral variables

Physical E xp osu re  
V ariab les & 
D em ograp h ics

O th e r  im p o rta n t  
variables

C o r r e i a  e i  al., 
1 998

P o r tu g a l (S e tu b a l)  
F lash  f lo o d

FI (1 0 1 )
Q L  ( C o n t e n t  an a ly sis) - L ik e lih o o d , C a u s e M itig a tio n , P r e p a r e d n e s s

E x p e r ie n c e ,  R e s id e n tia l  
h i s to r y

P u b lic  p a r t ic ip a t io n

D e  V illie rs  & 
M ah a ra j, 199 4

S o u th  A frica  
(D u rb a n )  
R iv e r  f lo o d

Q  (n .s .)  (6 0 )
Q N  ( D e s c r ip t iv e ) -

L ik e lih o o d , C a u s e
M itig a tio n , In s u r a n c e

E x p e r ie n c e ,  D is ta n c e  
f r o m  r iv e r

C o s t s  o f  m itig a tio n , 
P r o t e c t io n  r e s p o n s ib i l i ty

F ig u e ire d o  e i  
al., 2 0 0 9

P o r tu g a l (A g u e d a  ) 
R iv e r  f lo o d

FI, M Q  (8 2 3 )
Q N  ( D e s c r ip t iv e ) - C a u s e M itig a tio n , In s u r a n c e E x p e r ie n c e ,  R isk  a re a ,

P r o t e c t io n  re s p o n s ib il i ty , 
A w a r e n e s s  o f  p u b lic  
f lo o d  p r o t e c t io n

G e  e i  al., 
2 0 1 0

C h in a  (Y a n g tz e  
R iv e r  D e lta )
R iv e r  f lo o d , O t h e r  
h a z a rd s

M Q  (2 7 5 )
Q L , Q N  ( D e s c r ip t iv e )

P s y c h o ­
m e tr ic
P a ra d ig m

V o lu n ta r in e s s ,
Im m e d ia c y , K n o w n  t o  
e x p o s e d  /  s c ie n c e , 
C o n tr o l la b i li ty ,
N e w n e s s ,  C a ta s t r o p h ic  
p o te n t ia l ,  D r e a d ,
S e v e r ity  o f  c o n s e q u e n c e s

- - R isk  ra n k in g

G riffin  e i  al., 
2 0 0 8

U S A  (M ilw a u k e e )  
R iv e r  f lo o d

T l (401  )
Q N  (R e g r e s s io n )

R isk
In f o rm a t io n  
S e e k in g  a n d  
P ro c e s s in g

In s t i tu tio n a l  t r u s t ,  
P e r s o n a l  efficacy , R isk  
j u d g m e n t

In f o rm a t io n  s e e k in g
E x p e r ie n c e ,
D e m o g r a p h ic s

In f o rm a t io n  in su ffic ie n cy , 
P e rc e iv e d  in fo rm a tio n  
g a th e r in g  c a p a c ity , 
C h a n n e l  beliefs, 
In fo rm a tio n a l s u b je c t iv e  
n o rm s , In f o rm a t io n  
p r o c e s s in g

G r o th m a n n  & 
R eu ssw ig , 
2 0 0 6

G e r m a n y  (C o lo g n e )  
R iv e r  f lo o d

T l (1 5 7 )
Q N  (L o g is tic  
r e g r e s s io n )

P r o t e c t io n
M o tiv a tio n
T h e o r y

P e rc e iv e d  p ro b a b il i ty , 
P e rc e iv e d  s e v e r i ty ,  F e a r

M itig a tio n , P r e p a r e d n e s s ,  
In f o rm a t io n  s e e k in g , 
N o n - p r o t e c t iv e  
r e s p o n s e s

E x p e r ie n c e
C o p in g  a p p ra isa l , T r u s t  
in f lo o d  p r o t e c t io n

H a r r ie s ,  2 0 0 8
U n i te d  K in g d o m  
F lo o d  (n .s .)

FI, FG  (4 0 )
Q L  ( D is c o u r s e  a n a ly sis )

S ocia l R e ­
p r e s e n ­
ta t i o n s  
T h e o r y

-
N o n - p r o t e c t iv e
r e s p o n s e s -

R e p r e s e n ta t io n a l  
b a r r i e r s  (h o m e , so c ie ty ,  
n a tu r e )

H e itz  e i  al., 
2 0 0 6

F ra n c e  (A lsa c e )  
M u d d y  f lo o d

M Q  (3 4 )
Q L , Q N  ( D e s c r ip t iv e ) - A w a r e n e s s ,  Im p a c t - R isk  a r e a

I m p o r ta n c e  o f  m u d d y  
f lo o d  r is k  r e la t iv e  t o  
o t h e r  risk s , R isk  
m a n a g e m e n t ,  
In s t i tu tio n a l  t r u s t



A u th or,
Y ear

S tu d y  area  
F lood  ty p e

S u rvey  m eth o d  (N )  
A nalysis (m e th o d s) T h eo ry

Flood  risk p ercep tio n  
variables B eh aviou ral variables

Physical E xp osu re  
V ariab les & 
D em ograp h ics

O th e r  im p o rta n t  
variables

H o  e i  al., 
2008

T a iw a n
F lo o d  (n .s .) , O t h e r  
h a z a rd

T l (2559)
Q N  ( C o r r e la t io n ,  
F a c to r ,  A N O V A , 
M u ltip le  r e g r e s s io n )

P s y c h o ­
m e tr ic
P a ra d ig m

L ik e lih o o d , A ffe c t, 
Im p a c t, C o n tr o l la b i li ty ,  
K n o w le d g e  o f  p r iv a te  
m itig a tio n  a c t io n s

- E x p e r ie n c e ,
D e m o g r a p h ic s

R isk in e ss  o f  v a r io u s  
h a z a rd s

H o r n e y  e i  al., 
2010

U S A  ( N o r th  
C a ro l in a )  
C o a s ta l  f lo o d

FI (570)
Q N  (B iv aria te , 
m u l tiv a r ia te )

P r o te c t iv e
A c tio n
D e c is io n
M o d e l

Im p a c t E v a c u a tio n
H u r r ic a n e  e x p e r ie n c e ,  
T y p e  o f  h o m e ,  R isk  a re a , 
H o m e  lo c a tio n

S ocial c o h e s io n

H u n g , 2009
T a iw a n  (K e e lu n g  
R iv e r  b as in ) 
R iv e r  f lo o d

FI (405)
Q N  (F u zz y  re g r e s s io n )

F u zzy
C o n t in g e n t
V a lu a tio n

L ik e lih o o d In s u r a n c e
E x p e r ie n c e ,  D is ta n c e  
f r o m  r iv e r , R isk  a re a , 
D e m o g r a p h ic s

P r e f e r e n c e  u n c e r ta in ty ,  
P r o p e r ty  in s u ra n c e ,  
I n s u r a n c e  a t t i t u d e ,  C o s t ,  
T r u s t  ( in fo r m a t io n , 
p u b lic  p r o t e c t io n )

K e ile n s  e i  al., 
201 1

B elg ium  
C o a s ta l  f lo o d

M Q  (6 1 9 )
Q N  ( C o r r e la t io n ,  
M u ltip le  r e g r e s s io n )

-
L ik e lih o o d , A ffe c t, 
Im p a c t

-
E x p e r ie n c e ,  R isk  a re a , 
P e r m a n e n t  r e s id e n c e ,  
D e m o g r a p h ic s

-

K e lle r  e i  al., 
2006

S w itz e r la n d  
F lo o d  (n .s .)

T h r e e  E x p e r im e n ts ;
FI (170, 92), M Q  (1598) 
Q N  (A N O V A , T u  key , 
A N C O V A )

A ffe c t  a n d  
A v a ila b ility  
H e u r is t ic s

L ik e lih o o d , Im p a c t - E x p e r ie n c e
F lo o d  p ro b a b il i ty  
f o r m a ts

K n o c k e  &
K o liv ras ,
2007

U S A  (V irg in ia ) 
F lash  f lo o d

O Q  (300)
Q L  ( C o n t e n t  an a ly sis), 
Q N  ( C h i- s q u a r e )

-
A w a r e n e s s ,  L ik e lih o o d , 
Im p a c t

E x p e r ie n c e ,  R isk  a re a , 
L e n g th  o f  r e s id e n c y

V e rb a l d e s c r ip t io n s  o f  
flash  f lo o d s  /  a d v e r s e  
im p a c ts , In f o rm a t io n  
p r e f e r e n c e s

K ra so v sk a ia ,
2001

N o r w a y  (G lo m m a  
c a t c h m e n t )
R iv e r  f lo o d

FG  (24), T l (900)
Q L , Q N  (D e s c r ip t iv e ) - L ik e lih o o d , Im p a c t E v a c u a tio n E x p e r ie n c e

P e r c e p t io n s  a b o u t  f lo o d  
p r o t e c t io n

G e rm a n y ,

K r a s o v s k a ia  N e th e r la n d s ,  A w a r e n e s s ,  L ik e lih o o d , . . .  . _ In f o rm a t io n  su ff ic ie n cy ,
. N o r w a y , S w e d e n  M itig a tio n  E x p e r ie n c e  _ . . . . .

e i  al., 2 0 0 7  . . . .  Q N  (D e s c r ip t iv e )  A f fe c t  P r o t e c t io n  r e s p o n s ib i l i ty

F lo o d s  (n .s .)



A u th or,
Y ear

S tu d y  area  
F lood  ty p e

S u rvey  m eth o d  (N )  
A nalysis (m e th o d s) T h eo ry

Flood  risk p ercep tio n  
variables B eh aviou ral variables

Physical E xp osu re  
V ariab les & 
D em ograp h ics

O th e r  im p o rta n t  
variables

K re ib ic h  e i  al., 
2 0 0 7

G e r m a n y  (S a x o n y ) 
R iv e r  f lo o d

T l (4 1 5 )
Q N  ( M a n n -W h itn e y , 
K ru sk a l-W a llis )

- A w a r e n e s s ,  L ik e lih o o d
M itig a tio n , P r e p a r e d n e s s ,  
In s u r a n c e

E x p e r ie n c e  ( in c lu d in g  
w a rn in g  r e s p o n s e ) ,  
L e n g th  o f  t im e  a t  t h e  
lo c a tio n

E fficacy o f  p r e v io u s  
m itig a tio n  /  
p r e p a r e d n e s s  a c tio n s ;  
T im e  /  c o s t s  /  h e lp  
r e q u ir e d  f o r  ta k in g  
p r e p a r e d n e s s  a c t io n s

K re ib ic h  e i  al., 
2 0 0 9

G e r m a n y  ( D r e s d e n )  
G r o u n d w a t e r  f lo o d , 
F lo o d  (n .s .)

T l (6 0 5 )
Q N  ( M a n n -W h itn e y , 
K ru sk a l-W a llis , P rin c ip a l 
C o m p o n e n t s )

-
A f fe c t

M itig a tio n , P r e p a r e d n e s s E x p e r ie n c e
P r o t e c t io n  re s p o n s ib il i ty , 
In f o rm a t io n  p r e f e r e n c e s

L a ra  e i  al., 
2 0 1 0

Spain  ( C o s t a  B rav a) 
F lo o d  (n .s .)

FI (2 8 5 ) , FG  (2 6 ) 
Q N  ( D e s c r ip t iv e ) - Im p a c t, C a u s e -

E x p e r ie n c e ,  T e m p o r a r y  
v e r s u s  p e r m a n e n t  
r e s id e n ts

P u b lic  p a r t ic ip a t io n

P r o t e c t io n  re s p o n s ib il i ty , 
C o s t- b e n e f i ts  in s u ra n c e ,

L ave & Lave, 
1991

U S A  (P e n n sy lv a n ia )  
R iv e r  /  F lash  f lo o d

FI (2 2 )
Q L  ( C o n t e n t  an a ly sis)

M e n ta l
m o d e l

A w a r e n e s s ,  C a u s e In s u r a n c e E x p e r ie n c e
A t t i tu d e s  t o w a r d s  
g o v e r n m e n t  re lie f, 
K n o w le d g e  o f  m itig a tio n  
a c t io n s

L ik e lih o o d , D r e a d ,
T r u s t  in risk  
m a n a g e m e n t  a n d  
c o m m u n ic a tio n  s o u rc e s ,  
V u ln e ra b il ity

Lin e i  al., 
2 0 0 8

T a iw a n
F lo o d  (n .s .) , O t h e r  
h a z a rd s

T l (1 3 4 0 )
Q N  (F a c to r ,  M u ltip le  
r e g r e s s io n )

P s y c h o ­
m e tr ic
P a ra d ig m

C o n t r o l ,  S e v e r ity  o f  
c o n s e q u e n c e s ,  
K n o w le d g e  o f  m itig a tio n  
a c t io n s

M itig a tio n , In s u r a n c e E x p e r ie n c e

L indell & 
H w a n g , 2 0 0 8

U S A  (T e x a s  )
F lo o d  (n .s .) , O t h e r  
h a z a rd s

M Q ( 3 2 I )
Q N  (M u ltip le  
r e g r e s s io n )

P r o te c t iv e
A c tio n
D e c is io n
M o d e l

P e rc e iv e d  p e r s o n a l  risk M itig a tio n

E x p e r ie n c e ,  T e n u r e  
e x p e c t a t i o n s ,  D is ta n c e  
f r o m  r is k  s o u r c e ,  
D e m o g r a p h ic s

-

L o p e z ­
i i  a r r e  ro , 
2 0 1 0

P u e r t o  R ic o  
(F a ja rd o  R iv e r  
v a lley )
R iv e r  f lo o d

FI (3 6 )
Q L  ( C o n t e n t  an a ly sis) - L ik e lih o o d , Im p a c t M itig a tio n , P r e p a r e d n e s s E x p e r ie n c e

R e s p o n s e  efficacy , C o s t ,  
T im e  /  E ffo rt, K n o w le d g e  
/  skill r e q u ir e m e n t s ,  H e lp  
f r o m  o th e r s ,  P hysica l 
h e a lth , S ocia l n e tw o r k s ,
T r u s t  in f lo o d  p r o t e c t io n



A u th or,
Y ear

S tu d y  area  
F lood  ty p e

S u rvey  m eth o d  (N )  
A nalysis (m e th o d s) T h eo ry

Flood  risk p ercep tio n  
variables B eh aviou ral variables

Physical E xp osu re  
V ariab les & 
D em ograp h ics

O th e r  im p o rta n t  
variables

L o p e z ­
i i  a r r e  r o  & 
Y a rn a l, 2 0 1 0

P u e r t o  R ic o  
(F a ja rd o  R iv e r  
v a lley )
R iv e r  f lo o d ; O t h e r  
h a z a rd s

FI (5 6 )
Q L , Q N  (P a r tic ip a to ry  
ra n k in g )

-
A ffe c t, L ik e lih o o d , 
Im p a c t - R isk  a r e a

C o n c e r n s  o f  v a r io u s  
risk s  w i th  t h e i r  
p e r c e iv e d  im p o r t a n c e  /  
s e v e r i ty

M a r te n s  e i  al., 
2 0 0 9

G e r m a n y  (B re m e n )  
F lo o d  (n .s .)

T l (5 8 9 ) , O Q  (2 4 2 )  
Q L , Q N  ( L a te n t  c la ss  
an a ly sis )

M o tiv a tio n
In te n t io n
V o lit io n
M o d e l

Im p a c t M itig a tio n , P r e p a r e d n e s s -
P r o t e c t io n  re s p o n s ib il i ty , 
S ocial v u ln e ra b i li ty

M c E w e n  e i  al., 
2 0 0 2

U K  (M id lan d s) 
R iv e r  f lo o d

FI (5 8 ) , M Q  (1 6 )
Q L , Q N  ( D e s c r ip t iv e ) - A w a r e n e s s

M itig a tio n , In s u r a n c e
E x p e r ie n c e

W a r n in g  p e r c e p t io n s  
a n d  r e s p o n s e

M iceli e i  al., 
2 0 0 8

Italy  (A o s ta  V a lley ) 
F lo o d  (n .s .)

T l (4 0 7 )
Q N  (F a c to r , 
C o r r e la t io n ,  
R e g re s s io n )

R isk -as -
fe e lin g s

Im p a c t, A f fe c t M itig a tio n , P r e p a r e d n e s s
E x p e r ie n c e ,  D is ta n c e  
f r o m  n e a r e s t  w a te r  
c o u r s e ,  D e m o g r a p h ic s

-

O lc in a  
C a n t o s  e i  al., 
2 0 1 0

Spain  (A lic a n te )  
F lo o d  (n .s .)

Q  (n .s .)  (8 5 )
Q N  ( D e s c r ip t iv e ) - A w a r e n e s s ,  Im p a c t M itig a tio n , In s u r a n c e

E x p e r ie n c e ,  R isk  a re a , 
P e r m a n e n t  v e r s u s  
s e a s o n a l  r e s id e n t s

P u b lic  r isk  m a n a g e m e n t  
a t t i t u d e

O lo g u n o r i s a  
& A d e y e m o , 
2 0 0 5

N ig e r ia  (N ig e r  
D e lta )
R iv e r  f lo o d

Q  (n .s .)  (4 3 2 )
Q N  ( D e s c r ip t iv e ) -

L ik e lih o o d , Im p ac t, 
C a u s e

M itig a tio n , E v a c u a tio n E x p e r ie n c e -

P a g n e u x  e i  al., 
2 01  1

Ic e lan d  
F lash  f lo o d

FI (1 12)
Q N  (A N O V A , 
C o r r e la t io n )

-
A w a r e n e s s ,  A ffe c t, 
L ik e lih o o d , Im p a c t -

E x p e r ie n c e ,  R isk  a re a , 
L e n g th  o f  r e s id e n c e -

R a a ijm a k e rs  
e i  al., 2 0 0 8

Spain  (E b r o  D e lta )  
C o a s ta l  f lo o d

F l( - )
Q N  ( D e s c r ip t iv e )

P s y c h o ­
m e tr ic
P a ra d ig m

A w a r e n e s s ,  A f fe c t M itig a tio n - -

R u in  e i  al., 
2 0 0 7

F ra n c e  (G a rd )  
F lash  f lo o d

FI (2 0 0 )
Q L  ( C o g n i t iv e  m ap p in g ), 
Q N  ( C o r r e l a t i o n )

- A w a r e n e s s ,  Im p a c t -

E x p e r ie n c e ,  T ra v e l 
b e h a v io u r ,  L e n g th  o f  
r e s id e n c e

K n o w le d g e  a b o u t  
p r o t e c t iv e  a c t io n s ,  
S o u r c e s  o f  in fo rm a tio n

S ie g ris t  & 
G u ts c h e r ,  
2 0 0 6

S w itz e r la n d  
F lo o d  (n .s .)

M Q  (1 2 1 3 )  
Q N  (M u ltip le  
r e g r e s s io n )

- Im p a c t M itig a tio n E x p e r ie n c e ,  R isk  a r e a I n s u r a n c e  a t t i t u d e



A uth or,
Y ear

S tu d y  area  
Flood ty p e

S u rvey  m eth o d  (N )  
A nalysis (m e th o d s)

T h eo ry
Flood risk p ercep tion  
variables

B ehavioural variables
Physical E xp osu re  
V ariables & 
D em ograp h ics

O th e r  im p o rta n t  
variables

Siegrist & 
Gutscher, 
2008

Switzerland 
Flood (n.s.)

FI (201)
Q N  (t-test, Chi-square)

Affect
heuristic

Affect Mitigation, Preparedness Experience
Response efficacy, Costs, 
Time / knowledge 
requirem ents

Takao ei al., 
2004

Japan (Nagoya City) 
Flood (n.s.)

MQ (2051)
Q N  (Chi-square) - Likelihood, Affect Mitigation, Insurance Experience -

Terpstra, 
2011 The N etherlands O Q  (472, 428, 86 1 ) Affect

heuristic
Likelihood, Impact, 
Affect Preparedness

Experience,
Demographics T rust

T erpstra  ei 
ai, 2006

The N etherlands 
River /  Coastal 
flood

MQ (49), FG (14) 
Q N  (Factor, 
Correlation)

Psycho­
metric
Paradigm

Increasing risk, Dread, 
Knowledge,
Controllability, N um ber 
of people exposed, Risk- 
benefits, T rust

- - S tate /  T ra it Anxiety

T erpstra  &
Gutteling,
2008

The N etherlands 
(Friesland) 
Coastal flood

O Q  (658)
Q N  (Correlation) -

Likelihood, Affect, 
Impact Mitigation, Preparedness Demographics

P rotection responsibility, 
T rust in flood pro tection

T erpstra  ei 
al., 2009

The N etherlands 
Coastal flood

Quasi-experi mental; 
MQ, FG (80)
Q N  (MANOVA, Chi- 
square)

Psycho­
m etric 
Paradigm, 
Persuasive 
Argu m ents 
Theory

Increasing risk, Dread, 
Known to  Science / 
Exposed, Controllability, 
T rust, Public suppo rt

- Demographics -

Thieken ei al., 
2006

G erm any (Elbe 
catchm ent) 
River flood

Tl (1248)
Q N  (M ann-W hitney) -

A wareness, Likelihood, 
Impact

Mitigation, Preparedness, 
Insurance, Information 
seeking

Experience

Mitigation response 
efficacy, Ti me spen t on 
preparedness, 
Participation in 
em ergency netw ork

Thieken ei a/., 
2007

G erm any (Saxony, 
Saxony-Anhalt and 
Bavaria)
River /  Flash flood

Tl (1697)
Q N  (Mann-Whitney,
Kruskal-Wallis,
Correlation)

-
A wareness, Likelihood, 
Impact

Mitigation, Preparedness, 
Insurance

Experience, Risk Area, 
Perceived quality of the  
building

Mitigation response 
efficacy, W arning / 
Response questions

W agner, 2007

Germany (Bavarian 
Alps)
Flash flood, O th e r  
Hazard

FI (169), Tl (1205)
QL (C on ten t analysis), 
Q N  (t-test, A N O V A  
Correlation)

Mental
Model

A wareness, Affect, 
C ause

N on-protective response
Experience,
Demographics

Risk m anagement 
attitudes



A u th or,
Y ear

S tu d y  area  
F lood  ty p e

S u rvey  m eth o d  (N )  
A nalysis (m e th o d s) T h eo ry

Flood  risk p ercep tio n  
variables B eh aviou ral variables

Physical E xp osu re  
V ariab les & 
D em ograp h ics
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M odified from : Keilens, W., Zaalberg, R., Neutens, T., Vanneuville, W., De 
Maeyer, P., 2011. An analysis o f the public perception a f flood  risk on the Belgian 
coast. Risk Analysis, 31, pp. 1055-1068.

A b s t r a c t

In recen t years, percep tion  o f flood risks has becom e an im portan t topic to  
policy m akers concerned w ith  risk m anagem ent and safety issues. Know ledge 
o f the  public risk perception  is considered a crucial aspect in m odern  flood 
risk m anagem ent as it steers the developm ent o f effective and efficient flood 
m itigation strategies. This chapter aims at gaining insight into the perception  
o f flood risks along the Belgian coast. Given the im portance o f the tourism  
industry on the Belgian coast, this study considered bo th  inhabitants and 
residential tourists. Based on actual e x p e rt’s risk assessments, a high and a low  
risk area w ere  selected for the study. Risk perception  was assessed on the basis 
o f scaled item s regarding storm  surges and coastal flood risks. In addition, 
various personal and residence characteristics w ere  m easured. Using m ultip le 
regression analysis, risk percep tion  was found to  be prim arily influenced by 
actual flood risk estim ates, age, gender and experience w ith  previous flood 
hazards.
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Chapter 5

5.1 Introduction

5.1.1 Background

Flood hazards are w orldw ide considered as one o f the m ost significant natural 
disasters in term s o f hum an im pact and econom ic losses (Jonkm an, 200S). A 
specific type o f flood hazards com prises coastal floods caused by storm  surges. 
Storm  surges im ply a set-up o f the  sea level a t coastal areas and are generally 
induced by strong winds and low  atm ospheric pressure (Jonkm an and Vrijling, 
2008). Examples o f such storm  surges are hurricanes, cyclones and typhoons. 
R ecent disasters, such as hurricane Katrina in N ew  O rleans (200S) and 
cyclone Sidr in Bangladesh (2007) have show n the catastrophic potential of 
coastal floods.

In Belgium, the m ost recen t severe coastal flood occurred  in 1953. Then, one 
o f the largest sto rm  surges o f the  last centuries struck the coastal areas 
surrounding the N o rth  Sea, leading to  severe floods in Belgium, the 
N etherlands and U nited K ingdom . Because the tim e o f the sto rm  surge peak 
coincided w ith  the tim e o f spring-tide high w ater, the to ta l w ater level 
reached heights that, in m any locations, exceeded those recorded  ever before. 
The resulting disaster was enorm ous in term s o f loss o f life and damage to  
in frastructure (Baxter, 2005; G erritsen, 2005). In the years ensuing, an 
im portan t part o f the  Belgian seawalls was reinforced (C harlier and D em eyer, 
1992). These hard defence structures characterize the Belgian coast and 
nowadays constitu te  pleasant prom enades for coast-dw eller s. For several 
years, how ever, no new  seawalls have been built. Instead, soft techniques such 
as beach feeding have been applied frequently. A t present, nourishm ents are 
the m ain technical m easures preventing the Belgian coast from  a new  disaster 
(M ertens et al., 2008). In addition to  these m easures, num erous technological 
advances have been  m ade in w eather forecasting, risk m itigation procedures, 
em ergency planning, etc. (M cRobie et al. , 2005).

Both coastal defence investm ents and technological advances may have 
b rough t the  public to  a false sense o f safety regarding flood hazards. 
M oreover, the  rareness o f events such as floods may allow social awareness of 
ex trem e and unsafe situations to  fade (C olten  and Sum pter, 2009). Due 
awareness o f coastal flood risks rem ains how ever indispensable. In a Belgian 
context, tw o im portan t developm ents underline this need. The first 
developm ent is the global clim ate change. C lim ate m odels o f the 
In tergovernm ental Panel on C lim ate Change (IPCC) p red ict a global sea level 
rise o f 0 .3  to  0 .6  m e te r during the 21st century, leading to  a higher
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vulnerability o f coastal areas around the w orld  (Nicholls et al., 2007). 
Focusing on the Belgian coast, Lebbe et al. (2008) have achieved similar 
findings. They state that, despite the natural and artificial defence structures, 
an increased vulnerability o f the Belgian coastal plain is expected due to  sea 
level rise. The second developm ent is the grow ing econom ic im portance of 
the  Belgian coast. A pproxim ately 0 .4  m illion people (4%  o f the Belgian 
population) live in the flood-prone area. D uring the sum m er period, this 
num ber increases by approxim ately 0 .3  m illion residential tourists. The 
grow ing econom ic significance o f the Belgian coast is a resu lt o f the  flourishing 
beach tourism , the  agriculture in the  low-lying polder areas and a variety of 
fishing and harbour activities (Allaert, 1996).

As a consequence o f the clim ate-change induced sea level rise and the 
continuing econom ic g row th  in the  coastal area, parts o f  the  Belgian coast are 
considered to  be vulnerable to  coastal floods, n o t only w ith  regard  to  m aterial 
vulnerability (tangible damage) b u t also hum an vulnerability (intangible 
damage). O ne o f the m ajor Flemish projects devoted to  this issue is the 
In tegrated M aster Plan for Flanders Future Coastal Safety, led by the Agency 
for M aritim e and Coastal Services. The m ain objective o f this p ro ject (2007- 
2011) is to  p repare the Belgian coast for sto rm  surges, considering clim ate 
change im pacts un til 20S0 (M ertens et al., 2008). A similar project, CLIMAR, 
seeks for w ide-ranging solutions regarding coastal defence structures on the 
Belgian coast (Van der Biest, 2008). W hile these projects have extensively 
studied quantitative risk  assessments, the public percep tion  and opinion 
rem ain  highly underexp lo red . U nderstanding peop le’s risk percep tion  and its 
determ ining factors is how ever crucial for im proving risk  com m unications and 
effective m itigation  policies (Ho et al., 2008; H eitz et al., 2009). The 
know ledge about risk perceptions o f natural hazards may fu rther provide 
im portan t inform ation about peop le’s willingness to  take precautionary 
m easures, and the public support for governm ents’ risk reduction  policies 
(Botzen et al., 2009). W hile risk perception  studies have largely focused on 
inhabitants, far less a tten tion  has been given to  the perception  o f tou rist 
populations. N onetheless, Burby and W agner (1996) have underlined the 
vulnerability o f tourists tow ards local hazards, because tourists are less 
independent and less familiar w ith  local hazards and the resources tha t can be 
relied on to  avoid risk.

By m eans o f a questionnaire survey, this chapter seeks to  probe into the 
perception  o f inhabitants and residential tourists tow ards sto rm  surges and 
flood risks along the Belgian coast. Using m ultip le regression analysis, insight
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is gained into how  various personal, experiential and residence characteristics 
contribu te  to  the  level o f risk perception. A tten tion  is also paid to  the 
correspondence o f the perceived risk w ith  the e x p e rt’s risk assessm ent in high 
and low  risk areas.

The rem ainder o f this section gives a b rie f overview  o f lite ra tu re  re la ted  to  the 
ro le  o f risk percep tion  in flood risk m anagem ent and to  research regarding 
public percep tion  versus e x p e rt’s risk assessment. Based on available evidence 
in previous studies, research aims and hypotheses are form ulated. 
Subsequently, research site selection, survey m ethod  and sample 
characteristics are described in Section S .3. Section 0 presents the  results of 
the m ultip le regression analysis. The chapter ends w ith  a discussion and 
outlines the  avenues for fu rther research in the field o f flood risk perception.

5 .1.2 Risk percep tion  and flood risk m anagem ent

The study o f risk percep tion  involves the exam ination o f peop le’s awareness, 
em otions and behaviour w ith  regard  to  hazards. W hile originated in the 
nuclear debate o f the  1960s (Sowby, 1965; Starr, 1969), risk perception  has 
becom e m o re  and m o re  prevalen t in num erous o ther areas. O ne o f these areas 
is flood risk m anagem ent w hich com prises the com prehensive task of 
considering all natural and societal processes re la ted  to  flood hazards (M essner 
and M eyer, 2006). A ccording to  its conventional definition, risk is deem ed a 
quantifiable variable and is analysed on the basis o f probabilities and 
consequences (Raaijmakers et al., 2008). W hile risk analysis m ethods 
generally rely  on aspects o f objective risk  m easures, subjective risk 
m easurem ent such as risk perception  is curren tly  being recognized as an 
essential aspect in the con tex t o f flood risk  m anagem ent (Schanze, 2007). The 
know ledge o f peop le’s perception  level allows researchers to  identify 
qualitative risk  characteristics (e .g ., ‘vo lun tary’, ‘im m ediate’, ‘know n to 
exposed’, ‘know n to  science’, ‘n o t contro llable’, etc .) and com pare risks 
associated w ith  different hazards (Slovic, 1987). Furtherm ore, the know ledge 
o f risk percep tion  is p rom oted  as prerequisite  to  achieve effective risk 
com m unication (K eller et al., 2006). T erpstra  et al. (2006), for example, 
indicate tha t lim ited  know ledge about risk percep tion  o f flood hazards may 
lead to  difficulties in com m unicating these risks and, m oreover, in 
unsatisfactory know ledge about risk reducing m easures. W ith o u t thorough  
perception  research, risk com m unication may suffer from  lim ited
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understanding o f the interests, concerns, fears, values, priorities, and 
preferences o f individual citizens and public groups (Bier, 2001).

5 .1.3 Expert versus public in risk perception

W hile experts have generally used statistical data to  estim ate and com pare 
risks, the  risk judgm ent o f the  public relies largely on qualitative factors, such 
as seriousness o f the  consequences, sense o f control, and recency and 
(perceived) frequency o f the  hazard (Jacobs and W orth ley , 1999). The 
discrepancy betw een  the e x p e rt’s risk assessm ent and the public’s risk 
perception  is often  dem onstrated  in lite ra tu re  (W right et al., 2002). 
Birmingham et al. (2008), for exam ple, rep o rted  difficulties in in terpreting  
the m eaning o f a ‘one in a SO year’ flood: an older responden t answ ered she 
did n o t have to  w orry  because she was already 75 years old. A nother person  in 
the study did n o t understand  how  a once in 50-year flood had occurred  tw ice 
in five m onths. Some researchers, how ever, have refu ted  the sta tem ent that 
experts are m ore  veridical in the ir risk  assessments than m em bers o f the 
public. R ow e and W righ t (2001), for exam ple, have identified m ethodological 
weaknesses in a num ber o f em pirical studies, such as poorly defined 
characteristics o f the expert and the lay samples, and the absence of 
inform ation to  determ ine e x p e rt’s reliability. Results o f Siegrist and G utscher 
(2006) confirm  these weaknesses. Their study show ed little  to  no evidence of 
differences in flood risk  perception  betw een  the public and the experts.

5.2 Research aims and hypotheses

Past research about hazard perceptions has sought to  identify and quantify the 
different factors tha t m ight p red ic t peop le’s a ttitude  tow ards risk (Chauvin et 
al., 2007). In the con tex t o f flood risks, perception  research has articulated 
the im pact o f personal experience w ith  previous flood hazards and socio­
dem ographic variables on perceived personal risk (e .g ., W hitm arsh, 2008; 
Armas and Avram, 2009; Botzen et al., 2009; Zaalberg et al., 2009). W hile 
m ost o f these studies have exam ined the public percep tion  o f flood hazards in 
general, only few  have explicitly focused on the percep tion  o f coastal flood 
risks (Kaiser et al., 2004). Furtherm ore, the ways in which residence 
characteristics (e .g ., residing on ground floor) may affect flood risk percep tion  
has rem ained understud ied  in the con tex t o f flood risks (K reibich et a l., 2005). 
Finally, from  Section 5 .1 .3 , it appears tha t there  is also still no consensus w ith 
respect to  the  ‘expert versus public’ issue.
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This chapter explicitly addresses these issues in a case study on the Belgian 
coast. Based on previous evidence from  the literatu re , w hich is review ed 
below , five hypotheses are form ulated . The first th ree  hypotheses concern the 
effect o f e x p e rt’s risk assessm ent (location), socio-dem ographic factors and 
residence characteristics on risk  perception. H ypothesis 4  and 5 consider the 
m ediating effect o f hazard experience variables and the m oderating  effect o f 
residing perm anently  on the Belgian coast for the re la tion  betw een  location 
and risk perception, respectively.

5 .2 .1 E xpert’s risk assessm ent (location)

In this study, the perception  o f inhabitants and residential tourists o f flood 
risks is m easured in th ree  coastal m unicipalities on the Belgian coast: 
O ostende, K nokke-H eist and De Panne (w ith 69,000, 34 ,000 and 10,000 
inhabitants, respectively). Figure 5-1 depicts the location o f the studied 
m unicipalities, together w ith  a sum m ary o f the  p resen t defence structures. 
The m unicipalities w ere selected because they exhibit diverse characteristics in 
term s o f (i) the scientifically estim ated flood risk, (ii) the presence o f coastal 
defence structures and (iii) the  im pact o f the storm  surge o f 1953. These 
characteristics will be discussed below .

In recen t years, experts from  Flanders Hydraulics Research (Belgium) have 
com bined various hydraulic m odels w ith  socio-econom ic data to  produce 
damage and risk  m aps for bo th  river and coastal flood scenarios (Vanneuville et 
al., 2003). A ccording to  these risk assessments, O ostende is expected  to  have 
higher flood risks than De Panne and K nokke-H eist. Unlike the o ther 
m unicipalities, several parts o f O ostende are located at an elevation below  
high tide sea level. The m unicipality o f D e Panne on the contrary  is 
considered to  have one o f the  safest beaches regarding flood risks. A 
com bination o f a w ide beach — 450 m eters at low  tide — and a m ean elevation 
above high tide sea level results in a relatively low  coastal flood risk. 
A ccording to  estim ates, the  actual flood risk in K nokke-H eist is som ew hat 
higher than in De Panne b u t considerably low er than in O ostende.
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Figure 5 -1 Location of the study area with a sum m ary of th e  selection factors

The exam ined m unicipalities fu rther differ in the presence o f coastal defence 
structures. In O ostende, the m ost im portan t defence structures are beach 
nourishm ent (artificial raising o f the  beach), an active sea dike and groynes. 
The to w n  o f K nokke-H eist is p ro tec ted  by beach nourishm ent, foreshore 
p ro tec tion  and a passive sea dike. In De Panne, no additional defence 
structures are applied. The w ide beach makes ex tra  defence efforts 
superfluous.

Finally, the  1953 storm  surçe had a quite different im pact on the exam ined 
m unicipalities. In the city cen tre  o f O ostende, average w ater depths am ounted 
to  93 cm. The inundation was prim arily caused by the fishing p o r t’s dikes 
which w ere  n o t hijdi enough to  com pete against the w ater level. In total, eight 
people w ere  killed in O ostende. In K nokke-H eist, coastal dikes w ere damaged 
and parts o f the to w n  flooded, though m uch less extensive than in O ostende. 
The m unicipality o f De Panne experienced practically no nuisance from  the 
severe sto rm  (N .N ., 2003).
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Given the above characteristics regarding the e x p e rt’s risk assessment, the 
coastal defence structures and the storm  surge experience, a reasonable 
distinction can be m ade betw een  a high risk  area (O ostende) and a low  risk 
area (K nokke-H eist and D e Panne), leading to  the first hypothesis:

H I: It is expected  tha t respondents from  O ostende (high ex p e rt’s
risk assessm ent) will exhibit higher levels o f perceived risk 
than those from  K nokke-H eist and De Panne (low  ex p e rt’s 
risk assessm ent).

5.2.2 Socio-dem ographic factors

Individual socio-dem ographic characteristics can play an im portan t ro le  in 
shaping risk perception  o f natural hazards (Peacock et al., 200S; Chauvin et 
al., 2007). For exam ple, risk appears to  be a gendered phenom enon: w om an 
are m ore  risk averse than m en  (Brody, 1984). Jonkm an and Vrijling (2008) 
found tha t on average 70%  o f the casualties in flood hazards are m ale. They 
a ttribu te  this gender discrepancy to  the high involvem ent o f m en  in driving, 
the high p rop o rtio n  o f m en  in the em ergency and supporting services, and 
m e n ’s risk-taking behaviour. These findings may suggest tha t m en  have on 
average a low er risk  perception  than w om en. Also often  associated w ith  risk 
perception  are the factors age and household com position. Age has been found 
to  be positively correla ted  w ith  risk percep tion  o f a num ber o f natural hazards 
(G rothm ann and Reusswig, 2006; Lindell and Hwang, 2008). H ousehold 
com position is generally defined by the presence or num ber o f children in he t 
household. The lite ra tu re  is equivocal about the influence o f this factor on risk 
perception. H outs et al. (1984), for exam ple, have concluded tha t the 
presence o f children is a prim ary indicator o f a household’s perceived 
susceptibility to  a nuclear th reat. Similar outcom es w ere rep o rted  regarding 
volcano risk percep tion  (Perry  and Lindell, 1990) and evacuation response 
(Drabek, 2001). In the  domains o f earthquake (Lindell and Prater, 2000) and 
hurricane risks (Peacock et al. 2005), how ever, presence o f children did n o t 
have significant effects on perceived risk. Further, education can also be 
associated w ith  risk perception. In the con tex t o f technological hazards, 
Savage (1993) found tha t low er educated people show  higher levels o f risk 
perception. Finally, hom e ow nership has also been rela ted  to  perceived risks. 
Past research on flood hazards (G rothm ann and Reusswig, 2006; Birmingham 
et a l., 2008) suggests tha t owning a p roperty  results in higher levels o f 
perceived risk than ren ting  a residence. Finally, it has been  argued tha t staying
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perm anently  on a hazardous place may amplify risk perception  (Lindell and 
Hwang, 2008).

The above findings provide a rationale for Hypothesis 2. Because o f literature  
disagreem ent, the effects o f presence o f children are n o t hypothesized.

H2: Coastal flood risk perception  is expected  to  be positively
related  w ith  age, female gender, low er education, hom e 
ow nership, and perm anen t residence.

5.2.3 Residence characteristics

The characteristics o f a perso n ’s residence can be determ inan t tow ards flood 
damage. It has been  reasoned tha t people having a cellar or residing on the 
g round floor, are m ore  vulnerable to  flooding. K reibich et al. ( 200S), for 
exam ple, form ulated  a set o f precautionary m easures in w hich an elevated 
configuration and fortification o f cellar and ground floor are advised for 
buildings in flood-prone areas. Siegrist and G utscher (2008), on the o ther 
hand, m en tion  tha t 20 to  36%  o f the  people store  valuable con ten t in their 
cellars. In Belgium, cellars often contain the electricity closet and the heating 
system . The presence o f w ater in the vicinity o f these systems may resu lt in 
pow er failure and damage to  household appliances, com puters, televisions and 
o ther electronic devices in the house or apartm en t building. M ost cellars on 
the Belgian coast are situated below  high tide sea level.

An additional residence characteristic deals w ith  the visibility o f the  hazard 
from  the residence location. This characteristic is closely re lated  to  hazard 
proxim ity. In past research, correlations betw een  hazard proxim ity  and 
perceived risk  have been found for technical hazards such as chemical 
installations (Brody et al., 2004) and for natural hazards such as earthquakes 
(Lindell and Perry, 2000), hurricanes (A rlikatti et al., 2006) and floods 
(M iceli et al., 2008). It seems tha t people w ho are farther away from  hazard 
sources, exhibit low er levels o f perceived risk (Lindell and Hwang, 2008). 
H ow ever, to  date there  is little  consensus about about the effects o f hazard 
visibility on risk perception. W hile som e (e.g ., Birmingham et al., 2008) have 
argued positive relations betw een  visibility and perception  o f flood hazards, 
others (e.g ., C olten  and Sum pter, 2009) have argued that visible cues o f rare 
hazard sources — such as floods — m ight cause a false sense o f safety, resulting 
in low er levels o f risk  perception. A part from  this lite ra tu re  disagreem ent, we
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will go w ith  the m ajority  o f research findings and hypothesize a positive 
re la tion  betw een  sea view  and risk  perception.

These argum ents provide a rationale for Hypothesis 3 :

H3: Residing on the ground floor, or residing in a house w ith  a
cellar o r sea view  will be re lated  to  higher levels o f coastal 
flood risk perception.

5.2.4 Location and hazard experience

Many researchers have stressed the im portance o f previous hazard experiences 
in peop le’s judgm ents about risk (B arnett and Breakwell, 2001; Kreibich et 
al., 2005; G rothm ann and Reusswig, 2006). D istinction is often m ade 
betw een  d irect personal experience and vicarious experience. D irect personal 
experience can be defined by the recency and frequency o f casualties and 
damage experienced by the responden t (Lindell and Hwang, 2008). Vicarious 
experience refers to  social com m unication, i.e ., hearing or reading about 
hazard im pacts affecting friends, relatives or neighbours. Because attitudes 
based on d irect experiences are m ore  accessible in m em ory, d irect personal 
experience has a greater potential to  influence perceived personal risk 
(T erpstra et al., 2009). Past research supports this thesis. In a m ulti-hazard 
environm ent, Lindell and H wang (2008) found tha t people w ho have 
previously been exposed to  a hazard w ere far m ore  aw are than people w ithou t 
hazard experience. Hazard experience m ay also be determ ined  by location. 
People staying on locations exposed to  higher risk values will have a greater 
chance o f experiencing risk-related  events, e.g ., people staying on the coast 
have a g reater chance o f experiencing a hazardous storm  surge than people 
living inland. This argum entation  invokes a m ediating rela tion  betw een  
location and perceived personal risk via hazard experience.

Tw o types o f hazards are considered in this study: floods and storm  surges. 
Storm  surges are defined as a set-up o f the sea level at coastal areas, 
som etim es resulting in over-topping o f sea w ater on dikes (Jonkm an et al., 
2008). In the case o f structural failing such as dike breaching, a storm  surge 
can resu lt in coastal flooding (cf. 1953 storm  surge). A lthough the focus of 
this study is on the percep tion  o f coastal flood risks, experience w ith  flood 
types occurring inland (e .g ., river floods) is also taken into account because 
these m ight influence the perception  o f hazards in general (G reen  et a l., 
1991). This is particularly relevant in our case study given tha t the survey also
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considers coastal tourists, w ho may have experience w ith  flood types o ther 
than coastal floods or coastal sto rm  surges.

Hypothesis 4  is stated as follows:

H4: The effect o f location on perceived personal risk is expected
to  be m ediated  by d irect personal experience w ith  storm  
surges a n d /o r  (coastal) floods.

5.2.5 Location and perm anen t residence

The factors location and perm anen t residence have been  discussed before (see 
Hypothesis 1 and 2 respectively). H ow ever, it can be argued tha t bo th  factors 
m ight in teract. Assuming that residents usually have m ore  belongings tha t can 
be dam aged by a flood com pared to  (visiting) tourists, location will have a 
differential im pact on risk percep tion  for bo th  categories o f responden t type. 
To be m o re  precise, residents living perm anently  in a high-risk place 
(O ostende) exhibit higher risk  perception  com pared to  residents living 
perm anently  in a low -risk place (K nokke-H eist and De Panne). M oreover, it 
is expected  tha t location will n o t affect to u ris ts’ risk perception . This 
reasoning results in the  fifth Hypothesis:

HS : Location will im pact risk percep tion  for residents b u t n o t for
to u ris ts .

5.3 M e th o d o lo g y

5.3.1 Survey m ethod

The survey m ethod  consists o f a paper questionnaire, containing scaled item s 
regarding sto rm  surges and coastal flood risks. Based on questionnaires 
previously developed in the con tex t o f flood risk percep tion  (T erpstra et al., 
2006), five item s w ere selected and — if necessary — adapted for the p resen t 
research (Table 5-1). All item s w ere  m easured on a 5 point-scale ranging from  
no agreem ent at all (score: 1) to  full agreem ent (score: 5), w ith  a neutral 
opinion in betw een  (score: 3). C ronbach’s alpha o f the five risk percep tion  
item s is .80, indicating an adequate in ternal consistency. Principal factor 
analysis w ith  varim ax ro ta tio n  was used to  obtain ju st one com ponent having 
an eigenvalue above 1 (explained variance 55 .4% ). Based on the factor 
loadings on this com ponent, w eighted factor scores are assigned to  all
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observations. The resu lted  risk percep tion  score follows a norm al d istribution 
7V(0,1 ) and ranges from  -2 .39  to  2 .19. H igher values indicate stronger levels 
o f risk percep tion  and vice versa.

Table 5-1 Perception of flood risk: items

1 I’m worried about the danger o f  a storm  surge on the Belgian coast
2  A storm surge can have fatal consequences for the coastal area and its inhabitants
3 I experience staying on the Belgian coast as a threat to m y safety
4 I expect great chances o f  storm surges causing foo d s in the coastal area
5 W hen I think o f  floods, I feei concerned

Socio-dem ographic characteristics and inform ation regarding hazard 
experience w ere  assessed as follows. Age was m easured as a continuous scale 
in years, gender was obtained as dichotom y (female =  1, m ale =  0). H om e 
ow nership, residing perm anently  on the Belgian coast, presence o f children at 
hom e and direct personal experience w ith  past sto rm  surges and floods w ere 
all m easured as dichotom y (yes =  1, no =  0), as w ell as education ( ‘high 
education’ (i.e ., high school or university degree) =  1; ‘low  education’ (i.e ., 
prim ary or secondary school degree) =  0). Additionally, th ree  residence 
characteristics w ere  obtained: (i) having a cellar, (ii) living on the ground floor 
and (iii) staying in a residence w ith  sea view  (all th ree w ere m easured as 
dichotom y: yes =  1, no =  0). Finally, location was coded as follows: 
O ostende (high expert risk assessment) =  0; K nokke-H eist/D e Panne (low  
e x p e rt’s risk assessm ent) =  1.

Given the cu rren t aim o f evaluating risk  perception  at tw o locations along the 
Belgian coast, the  survey is organized as a stratified sampling w ith  
p roportional allocation. The size o f the  subsamples in each stratum
(m unicipality) was chosen in p ropo rtio n  to  the  size o f the stratum . The
num ber o f perm anen t inhabitants is used as size indicator for each stratum , 
leading to  a partition  o f 60%  for O ostende com pared to  40%  for Knokke- 
H eist and D e Panne. Tw o different d istribution  m ethods w ere used. The first 
m ethod  involved distribution o f questionnaires via system atic sampling in 
postboxes ( 5 /6  of all questionnaires). In o rder to  reach sufficient respondents 
having sea view, a num ber o f streets w ere random ly selected in the vicinity of 
the shoreline. The second m ethod  consisted in personally handing over the 
questionnaires to  inhabitants and residents in the  streets o f the  th ree
m unicipalities, thereby providing a b rief w ord  o f explanation. It was hoped
tha t this personal hand-over w ould resu lt in a higher response rate.
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5.3.2 Sample characteristics

O verall, 619 respondents (20 .6% ) answ ered the questionnaire. Table 5-2 lists 
the response rates per location (O ostende; K nokke-H eist and De Panne) for 
bo th  personal hand-overs and postboxes. As was hoped, the  personal hand­
over m ethod  resu lted  in a considerably larger response ra te  than the postbox 
m ethod  (35.4%  against 17.7%  respectively). In general, response rates w ere 
som ew hat b e tte r  in O ostende than in K nokke-H eist and De Panne (22 .5%  to 
17.8%  respectively).

Table 5-2 Response num bers in each municipality according to  distribution m ethod 
(personal hand-over / via postboxes)

Personal hand­
over Postboxes Total

Number % Number % Number %

Location Oostende 96 32.0 309 20.6 405 22.5
Knokke-Heist + 
D e Panne

81 40.5 133 13.3 214 17.8

Total 177 35.4 442 17.7 619 20.6

Table 5-2 displays the overall frequencies o f the personal characteristics. 
R esponden t’s age ranged from  17 to  88 years (M  =  58.3, SD =  14.3). The 
m ajority  o f the sample (66 % ) was male, w hich can be a ttribu ted  to  the  fact 
tha t the questionnaire was addressed to  the  head o f the family. The ratio 
betw een  ow ners and non-ow ners o f residences is about th ree  to  one. 
A pproxim ately 70%  o f the sample resides perm anently  on the Belgian coast. 
These values closely m irro r the actual situation, as m easured by the research 
and consultancy office o f W est Flanders (W ES) (G unst et al., 2008). The ratio 
betw een  the num ber o f people w ith  a low  educational level (i.e ., degree of 
prim ary or secondary school) and a high educational level (i.e ., high school or 
university degree) is about fifty-fifty. Roughly one fourth  o f the respondents 
has one or m ore  children living at hom e.

The question as to  w hether o r n o t the respondents had experience w ith 
previous storm  surges resu lted  in rem arkable outcom es. W hile half o f the 
respondents repo rts  to  have w itnessed a storm  surge on the Belgian coast, less 
than one ou t o f four participants answ ered affirmative to  the question ‘Have 
you ever experienced a flood in the past?’ The sm aller percentage o f people 
having experienced floods com pared to  storm  surge experience results from  
the fact tha t n o t every storm  surge causes a flood. N otew orthy  is tha t the
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storm  surge o f 1953 was m entioned  quite often in an open question ( ‘Can you 
indicate the year o f the  m ost severe sto rm  surge you have experienced to  
date?’). In O ostende, 34 %  o f the respondents w ith  storm  surge experience 
refer to  the  one o f 1953 against a m inority  (ca. 10 % ) in the tw o o ther 
m unicipalities.

Three additional variables w ere  questioned regarding the re sp o n d en t’s p resen t 
residence on the coast: (i) having sea view  or no t, (ii) living on the ground 
floor or n o t and (iii) having a cellar or no t. Table 5-3 indicates tha t roughly 
one-th ird  o f the  respondents has sea view, one-th ird  lives on the ground floor 
and one-th ird  lacks a cellar.

Table 5-3 Sample statistics: frequency in num bers and percentage per variable

V a r ia b le # % V a r ia b le # % V a r ia b le # %
Age Education Sea view
16-30 27 4.4 High 314 50.7 Yes 220 35.5
31-45 82 13.2 Low 299 48.3 N o 385 62.2
46-60
61-75

219
221

35.4
35.7

Missing 6 1.0 Missing 14 2.3

76-90 68 1 1.0 Children living a t home Ground Poor
Missing 2 0.3 Yes 167 27.0 Yes 185 29.9

N o 448 72.4 N o 418 67.5
Gender
Male 409 66.1

Missing 4 0.6 Missing 16 2.6

Female
Missing

209
1

33.8
0.1

Storm surge experience 
Yes 303 48.9

Cellar
Yes 386 62.3

N o 313 50.6 N o 214 34.6
H om e ownership 
O w n er 474 76.6

Missing 3 0.5 Missing 19 3.1

T enant
Missing

142
3

22.9
0.5

Flood experience 
Yes 139 
N o  477

22.5
77.1

Permanent residence Missing 3 0.4
Yes 438 70.8
N o 181 29.2
Missing 0 0.0
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5.4 Results

In this study, tw o  analyses are conducted. First, a correlation  analysis is 
perform ed to  check for m ulticollinearity  am ong p red ic to r variables. A 
m ultip le regression analysis is consequently used to  explore the  predictive 
values o f location, personal and residential characteristics, as w ell as hazard 
experience for perceived levels o f coastal flood risks.

5 .4 .1 C orrela tion  analysis

Table S-4 depicts the correlations betw een  all variables: personal
characteristics (6), hazard experience (2), residential characteristics (3) and 
location (1).

Am ong the significant re levant correlations are those concerning the variables 
perm anen t residence, sto rm  surge experience and location. A high positive 
correlation  betw een  perm anen t residence and sto rm  surge experience shows 
tha t inhabitants m ore  frequently  observe sto rm  surges than tourists. As for 
location, significant negative correlations w ere found w ith  the variables 
perm anen t residence and storm  surge experience, indicating tha t m ore  
respondents reside perm anently  in O ostende than in the o ther m unicipalities. 
The negative correlation  betw een  location and storm  surge experience 
illustrates a higher storm  surge experience in O ostende.

M ost im portantly , the analysis showed no correlations higher than 0 .6 0  which 
is a strong indication for the  absence o f m ulticollinearity  am ong the 
p red ic to rs .
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Table 5-4 C orrelations betw een variables

M e a n N 1 2 3 4 5 6 7  8 9 10 II 12

1 Age
5 8 .3 0

(SD 14.263)
6 1 7 -

2 G ender .34 6 1 8 _ 174** -

3
H om e
ownership

.77 6 1 6 165** -.0 0 8 -

4
P erm anent
residence

.71 6 1 9 .068 .044 .205** -

5 Education .51 613 -.043 -.0 3 8 .073 _ 128** -

6 Children living 
a t hom e

.27 6 1 6 _ 385** .066 .031 -.063 .073 -

7
Storm  surge  
experience

.49 6 1 6 204** .001 106** .339** -.041 -  1 i i** -

8 Flood
experience

.23 6 1 6 .081* -.0 1 4 .009 .031 .016 .015 .051

9 Sea view .36 6 0 5 .068 -.021 -.0 2 5 - 3 i y** .163** _ 145** - .0 8 1 *  - .0 6 4 -

IO G round floor .31 603 -.0 5 6 .038 .207** .281 ** -.0 5 5 189** .093*  .046 -.368** -

1 1 Cellar .64 6 0 0 .018 .010 -.021 - . 100* .103* - .0 6 4 -.0 5 3  .097* .181** _ 134** -

12 Location .35 6 1 9 .039 - .087* -.0 2 5 -.466** 198** - .0 6 4 -.303**  .010 .301** - 175** 184**

* p < .05; ** p < .0 1. All corre lations a re  C ram er’s V, ex cep t fo r th e  corre lations w ith Age, which a re  Pearson’s r.
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5.4.2 Regression analysis

W e used m ultip le regression analyses to  te s t the five hypotheses. The 
following hierarchical testing p rocedure was used. M odel 1 tested  for the 
partial effects o f location (i.e ., H ypothesis 1), socio-dem ographic 
characteristics (i.e ., H ypothesis 2), and residence characteristics (i.e, 
Hypothesis 3) on risk perception. M odel 2 tested  for m ultip le m ediation  
betw een  location and risk  perception  via hazard experience variables (i.e ., 
Hypothesis 4). M odel 3 tested  for the m oderating  effect o f perm anently  
residing on the relationship betw een  location and risk perception  (i.e ., 
Hypothesis 5).

Table S-S depicts the results o f the  different m odels. M odel 1 perform ance 
was relatively low  w ith  about 9 .9  p ercen t o f variation in risk perception  
explained by the p red ic to r set. The hypothesis stating tha t location is 
associated w ith  perceived risk was confirm ed. Since O ostende functioned as 
the reference category, the negative /i-value indicated low er percep tion  levels 
in K nokke-H eist and De Panne com pared to  O ostende. As indicated by the 
squared p art correlations, tw o ou t o f six socio-dem ographic characteristics, 
nam ely age and gender, w ere also found to  contribu te  uniquely to  the 
prediction  o f risk percep tion  thereby confirm ing the second hypothesis. As 
denoted  by the positive /i-value, o lder respondents tend  to  have a higher 
perceived level o f flood risk. G ender was also linked to  a positive /i-value, 
indicating higher levels o f risk  percep tion  for w om en  than for m en. The 
p rediction  o f risk percep tion  from  the th ree  residence characteristics proved 
non-significant, thereby disconfirm ing the th ird  hypothesis.

A m arginal im provem ent was found for the percentage o f explained variance 
in risk percep tion  after hazard experience variables w ere added to  M odel 1 
(Aft2Model 2 =  0 .008 , p =  0 .08 ). M odel 2 functioned as a m ultip le m ediation 
te s t for the effect o f location on risk  perception  via hazard experience 
variables. The significance o f the reduction  in /i-value for location betw een  
M odels 1 and 2 is equivalent to  the significance o f the  to ta l indirect or 
m ultip le m ediating effect th rough hazard experience variables (Hypothesis 4). 
A bootstrapping procedure was used to  investigate the  statistical significance 
o f the  to ta l and partial ind irect effects (Preacher and Hayes, 2008). 
B ootstrapping is an alternative m ethod  to  the w idely used Sobel te s t for 
testing m ediation, as advocated by Baron and Kenny (1986). Bootstrapping is 
a nonparam etric  resam pling procedure  in w hich ind irect effects are repeatedly  
estim ated (e .g ., 5 ,000  tim es) to  create a non-norm al d istribution  o f the
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indirect effect estim ates. This d istribution is then  used to  construct 
asym m etric confidence intervals (CIs) around the po in t estim ates (PE’s) o f the 
indirect effects. W e rep o rted  on the 95%  bias-corrected  and accelerated 
(BCa) CIs which signalled significance o f ind irect effects w hen zero was n o t 
contained in the intervals. The PE o f the  to ta l indirect effect was n o t 
significantly different from  zero (PE =  -0 .01, SE =  0 .03 ) w ith  95%  confidence 
(BCa 95%  Cl o f -0 .06  to  0 .04). Similar results w ere obtained for the partial 
indirect effects re la ted  to  storm  surge (BCa 95%  Cl o f -0 .06 to  0 .03) and 
flood experiences (BCa 95%  Cl o f -0.01 to  0 .03), respectively. In conclusion, 
hazard experience variables did n o t m ediate the effect o f location on risk 
perception. Instead, flood (bu t n o t sto rm  surge) experience independently  
pred icted  risk  perception.

A slight im provem ent was found for the percentage o f explained variance in 
risk perception  after the m oderating effect o f perm anently  residing on the 
relationship betw een  location and risk  percep tion  was added to  M odel 2 
(Aft2Model 3 =  0 .006 , p =  0 .06 ). Following the procedure indicated by Aiken 
and W est (1991), an in teraction  te rm  was calculated betw een  location and 
perm anently  residing. Tourists functioned as the reference category. For 
tourists, the simple effect for location indicated low er perception  levels in 
K nokke-H eist and De Panne (Tfadjusted =  -0 .21) com pared to  O ostende (l/„i|l|:tl, 
=  0 .26 ). A re ru n  o f M odel 3 w ith  the dum m y coding for perm anently  
residing reversed indicated equal perception  levels (B =  -0 .08, p =  .54) for 
inhabitants in K nokke-H eist and D e Panne (Tfadjusted =  -0 .03) com pared to  
O ostende (Tfadjusted =  0 .05 ). The difference in the simple effects o f location on 
risk perception  betw een  tourists and inhabitants indicated a marginal 
significant in teraction effect (identical to  Á R 2Moiel 3) o f perm anently  residing 
and location in predicting risk perception.

In sum, risk perception  is higher w hen respondents are older, female, have 
flood experience, and are tourists visiting O ostende.
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Table 5-5 Regression analysis

B SE B Beta t P

squared
part
corr. (% )

Model 1
Location -0.21 0.10 -0.10 -2.08 0.04 0.7
Age 0.02 0.00 0.21 4.67 0.00 3.4
Gender 0.32 0.09 0.15 3.73 0.00 2.2
Home ownership 0.1 1 0.10 0.05 1.10 0.27 0.2
Permanent residence 0.02 0.1 1 0.01 0.20 0.84 0.0
Education -0.09 0.08 -0.04 -1.05 0.30 0.4
Children living at home -0.15 0.10 -0.07 -1.53 0.13 0.4
Sea view -0.12 0.10 -0.06 -1.23 0.22 0.2
Ground Poor 0.06 0.10 0.03 0.57 0.57 0.0
Cellar 0.08 0.09 0.04 0.90 0.37 0.1

Model 2
Location -0.20 0.10 -0.09 -1.93 0.05 0.6
Age 0.01 0.00 0.19 4.26 0.00 2.8
Gender 0.32 0.09 0.15 3.70 0.00 2.1
Home ownership 0.12 0.10 0.05 1.12 0.26 0.2
Permanent residence 0.01 0.1 1 0.00 0.08 0.94 0.0
Education -0.09 0.08 -0.05 -1.12 0.26 0.2
Children living at home -0.16 0.10 -0.07 -1.59 0.1 1 0.4
Sea view -0.10 0.10 -0.05 -1.08 0.28 0.2
Ground Poor 0.05 0.10 0.02 0.51 0.61 0.0
Cellar 0.06 0.09 0.03 0.67 0.50 0.1
Storm surge experience 0.06 0.09 0.03 0.64 0.52 0.1
Flood experience 0.21 0.10 0.09 2.14 0.03 0.7

Model 3
Location -0.47 0.18 -0.22 -2.66 0.01 l.l
Age 0.01 0.00 0.20 4.33 0.00 2.9
Gender 0.31 0.09 0.15 3.62 0.00 2.0
Home ownership 0.12 0.10 0.05 1.15 0.25 0.2
Permanent residence -0.22 0.16 -0.10 -1.32 0.19 0.3
Education -0.09 0.08 -0.04 -1.03 0.30 0.2
Children living at home -0.16 0.10 -0.07 -1.58 0.12 0.4
Sea view -0.1 1 0.10 -0.05 -1.12 0.26 0.2
Ground Poor 0.05 0.10 0.02 0.54 0.59 0.0
Cellar 0.06 0.09 0.03 0.68 0.50 0.1
Storm surge experience 0.06 0.09 0.03 0.68 0.50 0.1
Flood experience 
Location X  Permanent 
residence

0.21

0.39

0.10

0.21

0.09

0.14

2.15

1.88

0.03

0.06

0.7

0.5

N = 584
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5.5 Discussion

In this chapter, w e have exam ined the public perception  o f coastal flood risks 
on the Belgian coast. To this end, a set o f variables was considered in relation 
to  risk perception, nam ely location, hazard experiences, socio-dem ographic 
characteristics and residence characteristics. Through hierarchical testing of 
th ree  regression m odels, five hypotheses w ere tested .

In M odel 1, partial effects o f location, socio-dem ographic characteristics and 
residence characteristics w ere investigated on risk perception. C onsistent w ith 
H ypothesis 1, w e found that levels o f risk perception  varied significantly 
across location. In the  city o f O ostende, higher levels o f  risk percep tion  w ere 
m easured than in K nokke-H eist and De Panne. The higher level o f risk 
perception  in O ostende corresponds to  the  e x p e rt’s risk estim ates. O ur 
findings suggest tha t the differences betw een  expert and lay people m ight be 
sm aller than often  rep o rted  (R ow e and W right, 2001; W righ t et al., 2002). 
This should be in te rp re ted  w ith  caution, how ever, given tha t only tw o 
locations w ere considered in our study. Additional em pirical research will be 
necessary to  confirm  these findings in the con tex t o f coastal flood risks.

C onsistent w ith  H ypothesis 2, age was positively correlated  w ith  perception  
o f coastal flood risks. O lder respondents scored on average higher on the 
different percep tion  characteristics than younger people. This is in line w ith 
G rothm ann and Reusswig (2006), w ho have found similar effects for people in 
flood-prone areas. Also consistent w ith  H ypothesis 2, female gender was 
positively correlated  w ith  risk perception . W o m en ’s risk averse behaviour 
tends to  have repercussions on the perception  o f coastal flood risks as well. 
This is in line w ith  perception  research on natural hazards in general, and on 
flood hazards in particular (Lindell and Hwang, 2008). Interestingly, hom e 
ow nership was n o t re la ted  to  risk perception . R esident ow ners and tenants 
exhibited similar levels o f perceived flood risks, w hich is at variance w ith 
earlier research (G rothm ann and Reusswig, 2006; Birmingham et al., 2008). 
This different outcom e may be due to  alternative m ethods o f m easuring risk 
perception. W hile Burningham et al. (2008) focused on risk awareness, 
G ro thm ann and Reusswig (2006) m easured perceived ability to  take 
pro tective actions regarding flood risks. Finally, effects o f residing 
perm anently  on the coast w ere tested  in this study. Based on previous 
research (Burningham et al., 2008; Lindell and Hwang, 2008), it was 
hypothesized tha t inhabitants w ould have higher levels o f flood risk perception

150



An analysis of the public perception o f flood risk on the Belgian coast

than residential tourists. Regression analysis, how ever, revealed no significant 
effect o f perm anen t residence on perceived risk levels.

A part from  location and socio-dem ographic characteristics, th ree  additional 
factors regarding residence setting w ere tested , nam ely visibility o f the sea, 
having a cellar and living on the ground floor. Against the expectations, none 
o f these variables show ed a significant effect on risk perception, thereby 
disconfirm ing the th ird  hypothesis. A possible explanation for the outcom es of 
‘cellar’ and ‘ground floo r’ m ight be that the item s w hich m easured risk 
perception  did n o t explicitly focus on p roperty  value and m aterial belongings. 
As such, personal damage to  p roperty  in cellars or g round floors w ere possibly 
n o t accurately m easured. W e could fu rther n o t elucidate the discrepancy 
presen t in lite ra tu re  regarding hazard visibility. The visibility o f the sea m ight 
have an effect on risk perception , b u t w e w ere  n o t able to  m easure it.

M odel 2 tested  for m ultip le m ediation betw een  location and risk percep tion  
via tw o hazard experience variables: sto rm  surge experience and flood 
experience (Hypothesis 4). A m ediation effect was n o t found, although a 
partial effect on risk perception  was observed for flood experience. 
A pparently, the effect o f location on risk  percep tion  is determ ined  by other 
(psychological) processes, which w ere n o t m easured in this study. O ne 
process, for exam ple, m ight be tha t public w orks to  coastal defences — such as 
beach nourishm ent — w ere m ainly executed in O ostende during the last years. 
The visual im pact o f these public w orks may cause higher levels o f perceived 
risk. This could be an e lem ent for fu rther research.

The rationale for M odel 3 (Hypothesis 5) was tha t residents o f O ostende will 
exhibit a higher risk perception  because they are at higher risk. For residential 
tourists, this effect should be absent. H ow ever, the opposite was found in the 
analysis. Instead o f inhabitants, residential tourists in O ostende appear to  have 
a higher risk perception  com pared to  o ther m unicipalities. Possible 
explanations for this finding may be a certain habituation o f inhabitants 
tow ards the risks o f storm  surges or risk prim ing effects in the case o f tourists. 
M ore research is necessary to  clarify this issue.

Some m ethodological lim itations o f the  cu rren t study m ust be acknowledged. 
First, bias can arise from  non-response. People w ho decide n o t to  fill in the 
questionnaire may have inform ative reasons n o t to  do so. Second, the  survey 
was restric ted  to  only th ree  m unicipalities on the Belgian coast. General 
conclusions for the en tire Belgian coast — or o ther coastal areas — are therefore 
to  be draw n w ith  circum spection. Third, the regression m odel accounts for a
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relatively low  percentage o f the variance, suggesting the presence o f noise or 
variation w hen exam ining risk percep tion  (Peacock et al., 200S), a n d /o r  the 
m issing o f im portan t variables, as suggested earlier in  this discussion. W e 
acknow ledge here  tha t although significant effects are found for individual 
characteristics, effect sizes rem ain  m arginal. These outcom es support earlier 
research by Lindell and Perry, (2000), w ho discussed on the significant bu t 
small effects o f dem ographic variables on seismic risk  perceptions.

D espite its lim itations, the p resen t study has provided increased insights into 
the public perceptions o f coastal flood risks. O u r findings suggest tha t older 
people, w om en and people w ith  flood experience have higher perceived levels 
o f coastal flood risks. Regarding location, consistency was found betw een  
e x p e rt’s risk estim ates and public risk perception, although the effect of 
location on risk perception  is nuanced th rough  the m oderating effect of 
responden t type. Tourists visiting O ostende show  higher levels o f risk 
perception  than tourists visiting the o ther m unicipalities. Future w ork  may 
exam ine the different responses to  flood hazards betw een  inhabitants and 
residential tourists in fu rther detail. Consequently, governm ental risk 
awareness program s should be con ten t specific, and tim ed upon  the specific 
ta rget group to  be affected. Insights in the psychological processes o f different 
ta rget groups influencing risk perception  is therefore  o f vital im portance. For 
exam ple, our study revealed tha t the effect o f location is n o t m ediated  by 
hazard experience, b u t tends to  be determ ined  by o ther (psychological) 
processes. W e believe these and lu tu re  findings may advance the 
com m unication betw een  experts and citizens regarding coastal flood risks.

References

Aiken, L.S., West, S.G. (1991) Multiple regression: Testing and interpreting interactions.
Sage Publications, London.

Allaert, G. (1996) De Belgische kust: Tekenen van een recente revival? Department of 
Areal Survey, Ghent University, Belgium.

Arlikatti, S., Lindell, M.K., Prater, C.S., Zhang, Y. (2006) Risk area accuracy and 
hurricane evacuation expectations of coastal residents. Environment and 
Behaviour, 38, pp. 226-247.

Armas, I., Avram, E. (2009) Perception of flood risk in Danube delta, Romania.
Natural Hazards, SO, pp. 269-287.

Barnett, J., Breakwell, G.M. (2001) Risk perception and experience: Hazard 
personality profiles and individual differences. Risk Analysis, 21, pp. 171- 
177.

152



An analysis of the public perception o f flood risk on the Belgian coast

Baron, R.M., Kenny, D.A. (1986) The moderator-mediator variable distinction in 
social psychological research: Conceptual, strategic, and statistical
considerations. Journal of Personality and Social Psychology, 51, pp. 1173-1182.

Baxter, P.J. (2005) The East Coast Big Flood, 31 January - 1 February 1953: A 
summary of the human disaster. Philosophical Transactions of the Royal Society 
A, 363, pp. 1293-1312.

Bier, V.M. (2001) On the state of the art: Risk communication to the public. 
Reliability Engineering ScSystem Safety, 71, pp. 139-150.

Botzen, W .J.W ., Aerts, J.C .J.H ., van den Bergh, J.C.J.M . (2009) Dependence of 
flood risk perceptions on socioeconomic and objective risk factors. Water 
Resources Research, 45 (doi:10.1029/2009W R007743).

Brody, C.J. (1984) Differences by sex in support for nuclear-power. Social Forces, 63, 
pp. 209-228.

Brody, S.D., Peck, B.M., Highfield, W.E. (2004) Examining localized patterns of air 
quality perception in Texas: A spatial and statistical analysis. Risk Analysis, 
24, pp. 1561-1574.

Burby, R.J., Wagner, F. (1996) Protecting tourists from death and injury in coastal 
storms. Disasters, 20, pp. 49-60.

Burningham, K., Fielding, J., Thrush, D. (2008) 'It'll never happen to me': 
Understanding public awareness of local flood risk. Disasters, 32, pp. 216- 
238.

Charlier, R.H., Demeyer, C.P. (1992) Tourism and the coastal zone - the case of 
Belgium. Ocean ScCoastal Management, 18, pp. 231-240.

Chauvin, B., Hermand, D., Mullet, E. (2007) Risk perception and personality facets. 
Risk Analysis, 27, pp. 171-185.

Colten, C .E., Sumpter, A.R. (2009) Social memory and resilience in New Orleans. 
Natural Hazards, 48, pp. 355-364.

Drabek, T.E. (2001) Disaster warning and evacuation responses by private business 
employees. Disasters, 25, pp. 76-94.

Gerritsen, H. (2005) W hat happened in 1953? - the big flood in the Netherlands in 
retrospect. Philosophical Transactions of the Royal Society A, 363, pp. 1271- 
1291.

Green, C .H., Tunstall, S.M., Fordham, M.H. (1991) The risks from flooding - 
which risks and whose perception. Disasters, 15, pp. 227-236.

Grothmann, T., Reusswig, F. (2006) People at risk of flooding: Why some residents 
take precautionary action while others do not. Natural Hazards, 38, pp. 101 - 
1 2 0 .

Gunst, C., Vandenbroucke, F., Verhaeghe, A. (2008) Tweede verblijven in 
breedbeeld. West-Vlaanderen Werkt, 3, pp. 14-21.

Heitz, C., Spaeter, S., Auzet, A.V., Glatron, S. (2009) Focal stakeholders' 
perception of muddy flood risk and implications for management

153



Chapter 5

approaches: A case study in Alsace (France). Land Use Policy, 26, pp. 443- 
451.

Flo, M.C., Shaw, D., Lin, S.Y., Chiu, Y.C. (2008) Flow do disaster characteristics 
influence risk perception? Risk Analysis, 28, pp. 635-643.

Flouts, P.S., Lindell, M.K., Hu, T .W ., Clearly, P.D., Tokuata, G. (1984) The 
protective action decision model applied to evacuation during the Three 
Mile Island crisis. International Journal of Mass Emergencies ScDisasters, 2, pp. 
27-40.

Nicholls, R.J., Wong, P.P., Burkett, V.R., Codignotto, J.O ., Hay, J.E., McLean, 
R.F., Ragoonaden, S., Woodroffe, C.D. (2007) Coastal systems and low- 
lying areas. In: Parry, M.L., Canziani, O.F., Palutikof, J.P., van der Linden, 
P.J., Hanson, C.E. (eds.) Climate change 2007: Impacts, adaptation and 
vulnerability. Contribution of working group II to the fourth assessment report of the 
Intergovernmental Panel on Climate Change. Cambridge University Press, 
Cambridge, UK, pp. 315-356.

Jacobs, L., Worthley, R. (1999) A comparative study of risk appraisal: A new look 
at risk assessment in different countries. Environmental Monitoring and 
Assessment, 59, pp. 225-247.

Jonkman, S.N. (2005) Global perspectives on loss of human life caused by floods. 
Natural Hazards, 34, pp. 151-175.

Jonkman, S.N., Vrijling, J.K. (2008) Loss of life due to floods. Journal of Flood Risk 
Management, 1, pp. 43-56.

Jonkman, S.N., Vrijling, J.K., Vrouwenvelder, A.C.W .M . (2008) Methods for the 
estimation of loss of life due to floods: A literature review and a proposal for 
a new method. Natural Hazards, 46, pp. 353-389.

Kaiser, G., Reese, S., Sterr, H., Markau, H.-J. (2004) COMR1SK subproject 3: Public 
perception of coastal flood defence and participation in coastal flood defence 
planning. Interreg III B North Sea Region Programme of the European 
Union, Schleswig-Holstein State Ministry of the Interior - Coastal Defence 
Division.

Keller, C., Siegrist, M., Gutscher, H. (2006) The role of the affect and availability 
heuristics in risk communication. Risk Analysis, 26, pp. 631-639.

Kreibich, H., Thieken, A.H., Petrow, T., Muller, M., Merz, B. (2005) Flood loss 
reduction of private households due to building precautionary measures - 
lessons learned from the Elbe flood in August 2002. Natural Hazards and 
Earth System Sciences, 5, pp. 117-126.

Lebbe, L., Van Meir, N., Viaene, P. (2008) Potential implications of sea-level rise 
for Belgium. Journal of Coastal Research, 24, pp. 358-366.

Lindell, M.K., Hwang, S.N. (2008) Households' perceived personal risk and 
responses in a multihazard environment. Risk Analysis, 28, pp. 539-556.

Lindell, M.K., Perry, R.W . (2000) Household adjustment to earthquake hazard - a 
review ofresearch. Environment and Behaviour, 32, pp. 461-501.

154



An analysis of the public perception o f flood risk on the Belgian coast

Lindell, M.K., Prater, C.S. (2000) Household adoption of seismic hazard 
adjustments: A comparison of residents in two states. International Journal of 
Mass Emergencies ScDisasters, 18, pp. 317-338.

McRobie, A., Spencer, T., Gerritsen, H. (2005) The Big Hood: North Sea storm 
surge. Philosophical Transactions of the Royal Society A, 363, pp. 1263-1270.

Mertens, T., Trouw, K., Bleukens, K., De Nocker, L., Couderé, K., Sauwer, C., 
De Smedt, P., Lewis, C., Verwaest, T. (2008) Tn integrated master plan Jor 
Flanders future coastal safety. Safecoast Action 4 Report, Coastal Division of 
the Flemish Community, Belgium.

Messner, F., Meyer, V. (2006) Hood damage, vulnerability and risk perception - 
challenges for flood damage research. In: Schanze, J., Zeman, E., Marsalek, 
J. (eds.) Flood risk management: Hazards, vulnerability and mitigation measures. 
Springer, Dordrecht, pp. 149-167.

Miceli, R., Sotgiu, I., Settanni, M. (2008) Disaster preparedness and perception of 
flood risk: A study in an Alpine valley in Italy. Journal of Environmental 
Psychology, 28, pp. 164-173.

N.N. (2003) Oostende onder water. De Windroos, Beernem.
Peacock, W .G., Brody, S.D., Highfield, W . (2005) Hurricane risk perceptions 

among Florida’s single family homeowners, landscape and Urban Planning, 
73, pp. 120-135.

Perry, R.W ., Lindell, M.K. (1990) Twentieth century volcanicity at Mt. St. Helens: The 
routinization of lfe  near an active volcano. Washington State University Press, 
Pullman, WA.

Preacher, K.J., Hayes, A.F. (2008) Asymptotic and resampling strategies for 
assessing and comparing indirect effects in multiple mediator models. 
Behaviour Research Methods, 40, pp. 879-891.

Raaijmakers, R., Krywkow, J., van der Veen, A. (2008) Flood risk perceptions and 
spatial multi-criteria analysis: An exploratory research for hazard mitigation. 
Natural Hazards, 46, pp. 307-322.

Rowe, G., Wright, G. (2001) Differences in expert and lay judgments of risk: Myth 
or reality? Risk Analysis, 21, pp. 341-356.

Savage, I. (1993) Demographic influences on risk perceptions. Risk Analysis, 13, pp. 
413-420.

Schanze, J. (2007) A conceptual framework for flood risk management research. In: 
Schanze, J. (ed.) Flood risk management research - from extreme events to citizens 
involvement. Proceedings of European Symposium on Flood Risk Management 
Research (EFRM 2007). Dresden, pp. 1-10.

Siegrist, M., Gutscher, H. (2006) Flooding risks: A comparison of lay people's 
perceptions and expert's assessments in Switzerland. Risk Analysis, 26, pp. 
971-979.

155



Chapter 5

Siegrist, M., Gutscher, H. (2008) Natural hazards and motivation for mitigation 
behaviour: People cannot predict the affect evoked by a severe flood. Risk 
Analysis, 28, pp. 771-778.

Slovic, P. (1987) Perception of risk. Science, 236, pp. 280-285.
Sowby, F.D. (1965) Radiation and other risks. Health Physics, 11, p. 879.
Starr, C. (1969) Social benefit versus technological risk. Science, 165, pp. 1232-1238.
Terpstra, T., Gutteling, J.M., Geldof, G.D., Kappe, L.J. (2006) The perception of 

flood risk and water nuisance. Water Science and Technology, 54, p p . 431 -439.
Terpstra, T., Tindell, M.K., Gutteling, J.M. (2009) Does communicating (flood) 

risk affect (flood) risk perceptions? Results of a quasi-experimental study. 
Risk Analysis, 29, pp. 1141-1155.

Van der Biest, K. (2008) Evaluation of climate change impacts and adaptation responses Joi 
marine activities (CL1MAK). Management Unit of the North Sea Mathematical 
Models (MUMM), Intermediary Report.

Vanneuville, W ., De Maeyer, P., Maeghe, K., Mostaert, F. (2003) Model the effects 
of a flood in the Dender catchment based on a risk methodology. Bulletin of 
the Society of Cartography, 37, pp. 59-64.

Whitmarsh, T. (2008) Are flood victims more concerned about climate change than 
other people? The role of direct experience in risk perception and 
behavioural response, fournal oJRisk Research, 11, pp. 351-374.

Wright, G., Böiger, F., Rowe, G. (2002) An empirical test of the relative validity of 
expert and lay judgments of risk. Risk Analysis, 22, pp. 1107-1122.

Zaalberg, R., Midden, C., Meijnders, A., McCalley, T. (2009) Prevention, 
adaptation, and threat denial: Flooding experiences in the Netherlands. Risk 
Analysis, 29, pp. 1759-1778.

156



6 T H E  I N F O R M E D  S O C I E T Y :
A N  A N A L Y S I S  O F  T H E  P U B L I C ’S 
P R E F E R E N C E S ,  N E E D S  A N D  S E E K I N G  
B E H A V I O U R  R E G A R D I N G  C O A S T A L  F L O O D  
RISKS

M odified from : Keilens, W., Zaalberg, R., De Maeyer, P., 2011. The informed 
society: An analysis o f the public’s preferences, needs and seeking behaviour regarding 
coastal fo o d  risks, (under review fo r  publication in Risk Analysis)

A b s t r a c t

R ecent flood risk m anagem ent puts an increasing emphasis on the public’s risk 
perception  and its preferences. It is now  widely recognized tha t a b e tte r  
know ledge o f the public’s awareness and concern about risks is o f vital 
im portance to  outline effective risk com m unication strategies. M odels such as 
RISP (Risk Inform ation Seeking and Processing) address this evolution by 
considering the public’s needs and their inform ation seeking behaviour w ith  
regard  to  risk  inform ation. This chapter builds upon  earlier inform ation 
seeking m odels and focuses on the em pirical relationships betw een  
inform ation seeking behaviour and the constructs o f risk perception, 
perceived hazard know ledge, response efficacy and inform ation need in the 
con tex t o f coastal flood risks. Specific focus is given to  the  m ediating ro le  of 
inform ation need in the m odel and to  the differences in  inform ation seeking 
behaviour be tw een  perm anen t and tem porary  residents. By m eans o f a 
struc tu red  on-line questionnaire, a cross-sectional survey was carried ou t in 
the city o f O ostende, one o f the m ost vulnerable places to  coastal flooding on 
the Belgian coast. T hree hundred  th irteen  respondents participated in the 
survey. Path analysis reveals that inform ation need does n o t act as a m ediator 
in contrast to  risk perception  and perceived know ledge. In addition, it is 
show n tha t risk perception  and perceived hazard know ledge are higher for 
perm anen t than tem porary  residents, leading to  increased inform ation seeking 
behaviour am ong the fo rm er group. Finally, inform ation preferences 
regarding flood risks are qualitatively discussed in the form  o f an addendum . 
Implications for risk  com m unication are also given.
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6.1 Introduction

The last tw o decades have w itnessed an increasing in terest in research on risk 
perception  and risk  com m unication w ith  regard  to  flood hazards. By 
determ ining and analyzing the opinion o f the  general public on flood risks and 
their preferences for m itigation m easures and adjustm ents, risk percep tion  
research has gradually taken a definite position in flood risk m anagem ent 
(Renn, 1998; Schanze, 2007). In addition, the  com m unication about these 
flood risks is evolving to  strategies which enhance inform ation-sharing, 
b o ttom -up  activity and partnership developm ent (ter H uurne and G utteling, 
2009; Stew art and Rashid, 2011). In his W hite  Paper on Risk Governance, 
R enn (200S) underlines the  im portance o f adjusting risk com m unication to  
the specific needs o f the  people. As such, people are given the possibility to  
judge their ow n risk situation and to  m ake inform ed decisions and actions 
regarding preparedness and personal safety m easures.

In search for tools or m eans tha t enhance this self-protective behaviour, a field 
o f studies has focused on exam ining the determ inants o f inform ation seeking 
behaviour, w hich is generally acknow ledged as an im portan t p recurso r o f self- 
pro tective behaviour (M ileti and D arlington, 1997; Paton et al., 2001; Kievik 
and G utteling, 2011). Griffin and colleagues (1999) defined inform ation 
seeking behaviour as the  effort to  acquire inform ation in response to  a need or 
perceived gap in ones know ledge. Various m odels have been suggested to  
explain peop le’s seeking behaviour regarding risk inform ation, such as the 
Risk Inform ation Seeking and Processing m odel (RISP; Griffin et al., 1999), 
the Fram ew ork for Risk Inform ation and Seeking (FRIS; te r  H uurne, 2008) 
and the Planned Risk Inform ation Seeking M odel (PRISM; Kahlor, 2010). To 
date, only tw o studies have applied such m odels to  flood risks. Griffin et al. 
(2008) adopted the RISP m odel and focused on citizen’s feelings o f anger at 
managing agencies. Kievik and G utteling (2011) em ployed parts o f the FRIS 
m odel to  te s t the  effect o f simple risk com m unication tools on peop le’s 
seeking in tentions and their self-protecting behaviour. H ow ever, b o th  studies 
contained lim itations. Since Kievik and G utteling (2011) focused on ju st tw o 
predictors o f inform ation seeking behaviour (i.e ., risk percep tion  and efficacy 
beliefs), o ther im portan t predictors or relationships rem ained ou t o f scope. 
Griffin et al. (2008), from  their part, did n o t te s t m ediating relationships, 
although m any are suggested in the proposed m odels.

D istinctive for the  inform ation seeking m odels is the central ro le  for the level 
o f inform ation insufficiency or inform ation need. H ence, the degree to  which
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a person  perceives inform ation need is assum ed to  determ ine h is /h e r  seeking 
behaviour. In tu rn , inform ation need  is de term ined  by o ther predictors, such 
as individual and hazard characteristics, risk perception, efficacy beliefs, 
cu rren t know ledge, etc. The central position o f inform ation need in these 
theoretical m odels clearly suggests a m ediating ro le  in the  inform ation seeking 
process (Griffin et al., 1999; te r  H uurne and G utteling, 2008). H ow ever, past 
research did n o t fully succeeded in revealing the functioning o f inform ation 
need in inform ation seeking behaviour, neither in a health  risk  con tex t 
(Kahlor, 2010), n o r in the con tex t o f flood risks (Griffin et al., 
2 0 08).Therefore, our first research objective concentrates on the m ediating 
properties o f inform ation need in the inform ation seeking process.

U nderstanding the determ inants o f individual flood adjustm ents is n o t only 
im portan t in term s o f damage reduction  and individual w elfare, it is also a 
sensible counterw eight to  the  governm ental focus on flood adaptation 
m easures. For exam ple, flood risks are receiving increasing in terest on the 
Belgian coast, since various m easures (such as beach nourishm ent, storm  
walls, e tc .) are being carried ou t to  p ro tec t the coast against fu tu re  ex trem e 
storm  surges from  the N o rth  Sea (cf. M aster Plan for Coastal Safety; M ertens 
et al., 2010)). To date, how ever, scarce a tten tion  has been given to  citizens at 
risk and their inform ation needs. O ne exception is the European COM RISK 
pro ject (Kaiser et al., 2004), which was conducted in 2004 (i.e ., before the 
in frastructure w orks on the Belgian coast), and which revealed — am ong other 
things — tha t the Belgian public exhibits the highest dem and for m ore  
inform ation on coastal flood risks (78% ), as com pared to  several o ther 
European countries (i.e ., D enm ark, G erm any, The N etherlands and U nited  
K ingdom ). The Belgian coast is therefore  an intriguing area to  probe the 
public’s seeking behaviour w ith  regard  to  coastal flood risk  inform ation.

O u r second research  objective is n o t only to  ex tend  our scientific know ledge 
on the public’s attitudes regarding flood risks on the Belgian coast, b u t also to  
focus on a specific ta rget group which is often com pletely overlooked in flood 
risk research, nam ely tem porary  residents. Several authors have suggested that 
this group o f residents is m ore  vulnerable to  disaster situations than locals, 
because they are less familiar w ith  local hazards and the resources tha t can be 
relied on to  avoid risk (Burby and W agner, 1996; Faulkner, 2001). This is 
especially tru e  for tem porary  residents w ho ow n a second hom e on the coast, 
here  re fe rred  to  as second residence ow ners. The fact tha t th ree  quarters o f 
the overnight tourism  on the Belgian coast is based on second residence 
tourism  (G unst et al., 2008) signals its im portance in term s o f damage
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reduction  and personal w elfare in the case o f floods. The p resen t study 
explicitly considers b o th  perm anen t residents (inhabitants) and tem porary  
residents (second residence ow ners) and exam ines possible differences in their 
risk inform ation need  and risk  inform ation seeking behaviour.

In sum, this chapter builds upon  previous inform ation seeking m odels and 
contributes to  a b e tte r  understanding o f the relationships betw een  inform ation 
seeking behaviour and its m ain determ inants in the con tex t o f coastal flood 
risks. Particular a tten tion  is given to  the m ediating relationship o f inform ation 
need and to  the  effects o f residing perm anently  in a flood-prone area or no t. 
In addition, preferences regarding flood risk inform ation are qualitatively 
discussed in an addendum . Area o f in te rest th roughou t the  study is the city of 
O ostende, w hich is know n as one o f the m ost vulnerable locations to  coastal 
flooding on the Belgian coast (Keilens et al., 2011).

6.2 Theoretical background

6 .2 .1 O verview  of inform ation seeking m odels

The study o f inform ation seeking behaviour has been the focus o f the m odel of 
Risk Inform ation Seeking and Processing (RISP), developed by Griffin and 
colleagues (1999). By adapting and synthesizing com ponents from  the 
H euristic-System atic M odel (HSM; Eagly and Chaiken, 1993) and the Theory 
o f Planned Behaviour (TPB; Azjen, 1991), the RISP m odel proposes that 
inform ation insufficiency is the  key factor tha t m otivates people to  seek for 
and process risk-related  inform ation. This inform ation insufficiency is strongly 
correlated  w ith  hazard know ledge and is p red icted  by a set o f factors, am ong 
which are individual characteristics (e .g ., hazard experience) and risk 
perception  (affective response).

D raw ing fu rther on the concepts o f the original RISP m odel, te r  H uurne and 
G utteling (2008) proposed a fram ew ork which relates risk inform ation 
seeking behaviour to  self-efficacy, cu rren t know ledge (about hazards), risk 
perception  and inform ation need. An adapted version o f the m odel was later 
referred  to  as the  Fram ew ork o f Risk Inform ation Seeking (FRIS; te r  H uurne, 
2008). W hile RISP considers individual characteristics (such as age, gender 
and hazard experience), te r  H uurne and G utteling s m odel puts m ore  
emphasis on psychological characteristics, such as tru st, self-efficacy and 
engagem ent as determ inants o f inform ation seeking behaviour. Applied to  
industrial risks and hazard w aste transporta tion  risks, te r  H uurne and
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G utteling (2008) found that inform ation need, risk  perception  and cu rren t 
know ledge are d irect p red ictors o f the in ten tion  to  seek risk inform ation.

Kahlor (2010) b rough t several concepts from  previous inform ation seeking 
m odels together and form ed the Planned Risk Inform ation Seeking M odel 
(PRISM), w hich treats risk inform ation seeking as a deliberate (planned) 
behaviour. Main com ponents in this m odel are risk perception, affective risk 
response, perceived know ledge and perceived know ledge insufficiency. In 
contrast to  earlier m odels, Kahlor (2010) could n o t dem onstrate  a significant 
link betw een  know ledge insufficiency and inform ation seeking behaviour.

Finally, a recen t study o f Kievik and G utteling (2011) show ed that 
inform ation seeking behaviour is particularly susceptible to  levels o f risk 
perception  and efficacy beliefs. In an experim ental study design, it was 
dem onstrated  tha t inform ation seeking behaviour (and hence self-protective 
behaviour) can be stim ulated w ith  relatively simple risk com m unication tools 
tha t influence risk percep tion  levels (by m eans o f fear appeals) and efficacy 
beliefs (through message conten t). W hile this study did n o t test a 
com prehensive m odel, it show ed the im portance o f risk perception  and 
efficacy beliefs in the  con tex t o f coping w ith  flood risks.

Based on the above findings, several determ inants o f inform ation seeking 
behaviour and their relationships com e to  the fore as im portan t o r at least as 
in teresting  item s to  scrutinize. Inform ation need (or insufficiency) is deem ed 
an essential factor in each m odel, yet its m ediating ro le  rem ains unclear 
(Griffin et al., 1999; Griffin et al., 2004; Griffin et al., 2008; Kahlor, 2010). 
Risk perception  and efficacy beliefs are considered crucial pred ictors of 
inform ation seeking behaviour (te r H uurne and G utteling, 2008; Kievik and 
G utteling, 2011), b u t there  relationship w ith  inform ation need is insufficiently 
exam ined. A nother determ inan t included in alm ost every m odel is (perceived) 
hazard know ledge. H ow ever, bo th  its re la tion  w ith  inform ation need as well 
as its predicting ro le  on inform ation seeking behaviour are contested  (Kahlor, 
2010). Finally, several individual characteristics (e .g ., age, gender, hazard 
experience) have been  suggested in the original RISP m odel, b u t their actual 
influence in the com plete inform ation seeking process rem ains unsure  (Griffin 
et al., 1999; Griffin et al., 2008). The n ex t section discusses each o f these 
determ inants in m ore  detail.
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6.2.2 D eterm inants of inform ation seeking behaviour

Information need. Inform ation insufficiency or inform ation need plays a central 
ro le  in the audience-based risk com m unication approaches (te r H uurne, 
2008). It is w idely regarded as the key m otivator to  seek for risk inform ation. 
Based on the sufficiency principle in the H euristic-System atic M odel (Eagly 
and Chaiken, 1993), Griffin et al. (2008) define inform ation insufficiency as 
the perceived gap’ betw een  cu rren t know ledge and sufficient know ledge (i.e. 
the threshold  tha t one perceives as being sufficient). The less people know  
about a risk /hazard , o r the  higher their percep tion  o f the  requ ired  know ledge 
level, the  higher their need  for risk-related  inform ation will be, and 
consequently their in tentions to  seek for additional inform ation.

Perceived hazard knowledge. A ccording to  Griffin and colleagues’ (2008) 
definition o f inform ation insufficiency, cu rren t or perceived know ledge is 
inherently  p art o f insufficiency. Yet, others (te r H uurne and G utteling, 2008; 
Kahlor, 2010) regard  perceived know ledge as a separate variable that 
influences o n e’s need for risk-related  inform ation. Low er perceived 
know ledge relates to  higher inform ation need  and thus seeking intentions.

Risk perception. The study o f the  public risk perception  has undergone a 
rem arkable grow th  in the last decades, and is now  rep resen ted  in nearly every 
risk dom ain. W hile m any elem ents have been  re la ted  to  risk perception  
(Fischhoff et al., 1978; Slovic, 1987), som e key elem ents have been generally 
used w ith  regard  to  the prediction o f inform ation seeking behaviour. Griffin 
and colleagues (2008) defined risk percep tion  as the  com bination o f subjective 
judgm ents o f a hazard’s probability w ith  the perceived severity o f possible 
consequences. They fu rther dem onstrated  that risk perception  influences 
affective responses to  a hazard, such as feelings o f w orry  or anger (Griffin et 
al., 2004; 2008). These definitions correspond to  the  tw o m odes o f thinking 
in risk percep tion  (Slovic et al., 2004), w hich distinguish betw een  risk as 
analysis (analytical system ) and risk as feelings (experiential system ). W hile 
the fo rm er relies on norm ative ru les and form al logic, the la tte r uses fast, 
intuitive decisions. D espite this theoretical distinction, several researchers 
have found a single risk perception  scale, based on factor analysis (e.g ., 
T erpstra  et al., 2006; Miceli et al., 2008; Keilens et al., 2011). Risk 
perception  (including affective response) is generally regarded as a positive 
pred ic to r for inform ation need, even though som e studies have dem onstrated  
the opposite re la tion  (e .g ., T rum bo, 2002).

162



The informed society

Efficacy beliefs. Risk com m unication researchers have stressed the im portance 
o f considering o n e’s belief tha t he or she is able to  under stand and execute 
certain actions to  cope w ith  a hazard. This concept is w ell-know n as self- 
efficacy (te r H uurne and G utteling, 2008), and its positive effect on 
inform ation seeking in tentions has been rep o rted  several tim es (Griffin et a l., 
2008; te r  H uurne and G utteling, 2008; Kievik and G utteling, 2011). Related 
to  self-efficacy is response efficacy, w hich denotes the perceived usefulness of 
inform ation (e .g ., advice) to  successfully cope w ith  a threat. Previous research 
(Kievik and G utteling, 2011) has dem onstrated  strong correlations betw een  
self-efficacy and response efficacy, together re fe rred  to  as efficacy beliefs. For 
reasons o f simplicity, w e will focus on ju st one type o f efficacy in this study, 
nam ely response efficacy.

Individual characteristics. Socio-dem ographic variables are found in m ost studies 
o f risk perception, b u t typically they are em ployed atheoretically and account 
for relatively little  explained variance in inform ation seeking behaviour 
(Griffin et al., 1999; Griffin et al., 2004). H ow ever, several studies have 
identified significant relations betw een  risk perception  and variables such as 
age and gender (e.g ., Lindell and Hwang, 2008; Armas and Avram, 2009; 
Kreibich et al., 2009; Keilens et al., 2011). In addition, previous hazard 
experience has generally been found to  increase risk perceptions (e.g ., Keller 
et al., 2006; Siegrist and Gutscher, 2006; Knocke and Kolivras, 2007; Lara et 
al., 2010) and the likelihood tha t people adopt hazard adjustm ents (e.g ., 
G ro thm ann and Reusswig, 2006; Thieken et al., 2006). As such, individual 
characteristics may influence inform ation need  and inform ation seeking 
in tentions th rough risk perception . Griffin et al. (2004; 2008) also found 
effects o f individual characteristics (e .g ., education) on inform ation need 
through  perceived know ledge. To our know ledge, effects o f residing 
perm anently  or tem porary  on a hazard-prone location have n o t yet been 
exam ined in the con tex t o f inform ation seeking behaviour.

6.3 Research hypotheses

Figure 6-1 depicts a theoretical m odel o f inform ation seeking behaviour, 
w hich stem s from  the discussed determ inants and their relationships in the 
previous section. In o rder to  s truc tu re  the analysis o f the  m odel, following 
hypotheses are defined:

H la /b :  individual characteristics (a) and response efficacy (b) pred ict
inform ation seeking behaviour;

163



Chapter 6

H 2 a /b /c :  risk perception  (a), perceived hazard know ledge (b), and 
inform ation need (c) m ediate the H la  effect;

I l ia :  inform ation need  m ediates the relationship betw een  risk
perception  and inform ation seeking behaviour;

11 iii: inform ation need m ediates the relationship betw een  perceived 
hazard know ledge and inform ation seeking behaviour;

H+: individual characteristics pred ict inform ation need;

H S a/b : risk percep tion  (a) and perceived hazard know ledge (b) 
m ediate the  H+ effect.

H la

R is k
p ercep tion

Individual
ch aracteristics

age. gender, 
f lood e xperience, 

p e rm a n e n t residence

Inform ation
seek in g

behavior

Inform ation
n eed

H2cH2c
H 3a/b

Perceived
hazard

k n o w l e d g e
R espon se
efficacy

Figure  6-1 H y p o th e s iz e d  re la tio n s h ip s  a m o n g  d e te rm in a n ts  o f  in fo rm a tio n  seek in g  
b e h a v io u r . T o ta l e ffe c t re la tio n s  (H I a n d  H 4 ) a r e  r e p re s e n te d  in bo ld ; m ed ia tin g  
re la tio n s  (H 2 , H 3 a n d  H 5) a r e  r e p r e s e n te d  in italic

6 .4  M e th o d o lo g y

6 .4 .1 Study area and data collection

Area o f in terest in this study is the city o f O ostende, w hich lies in a central 
position on the 65 km  lonç Belgian coast (Figure 6-2). The Belgian coast is 
located alonç the Southern Bijdit o f the  N o rth  Sea and is characterized by 
sandy beaches, dim e areas and hard  defence structures such as groynes and sea 
walls. D ue to  the lim ited length o f the coastline and the increasing population
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pressure, m ost o f the coastal zone has becom e urbanized and half o f the  coastal 
dimes has disappeared (C harlier and D em eyer, 1992).

NORTH SEA

Oostende

North Sea
2- ,  t

U n ite d  )  J ,Kingdom̂  The Netherlands

BELGIUMFRANCE

Figure  6 -2  L o ca tio n  o f O o s te n d e  on  th e  Belgian c o a s t

In the past, several sto rm  surges have affected the Belgian coast. D uring the 
severe storm  flood disaster o f 1953, eight people died in the city o f O ostende. 
A ccording to  the outcom es o f the on-going M aster Plan for Coastal Safety 
(M ertens et al., 2010), the  city cen tre  o f O ostende is still considered one of 
the m ost vulnerable parts o f the  Belgian coast. Even so, m ajor efforts have 
been realized in the previous years w ith  regard  to  beach nourishm ent and soft 
sea defences structures.

W ith  a population  num ber o f approxim ately 69 ,000  inhabitants, O ostende is 
by far the largest place on the Belgian coast. The num ber o f tem porary  
residents is estim ated above 20 ,000  during ‘top  days’ in the  sum m er holidays. 
A pproxim ately 30° b o f this group is ow ner o f a second residence. According 
to  a recen t study (G unst et al., 2008), ow ners stay on average about 5+ nights 
per year in the ir second residence.

Data w ere collected during the m on th  Septem ber 2010 by an on-line 
questionnaire, w hich was developed w ith  the open source survey application 
Lim eSurvey® . A dult perm anent and tem porary  residents w ere invited to  take 
part in the  study th rough  an invitation le tte r. These le tte rs  w ere systematically 
d istributed in postboxes in a random  selection o f streets in the  city of 
O ostende. Based on the outcom es o f several w orst-case scenarios (cf. M aster
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Plan for Coastal Safety; M ertens et al., 2010), m ost o f the te rrito ry  o f the city 
o f O ostende can be regarded  to  be at risk o f being (severely) flooded during 
an ex trem e storm  surge. The belongings o f all respondents are therefore 
assum ed to  be at equal chance o f flooding.

6.4.2 Q uestionnaire  characteristics

Table 6-1 presents all item s tha t w ere used to  m easure the m odel com ponents 
as depicted in Figure 6-1 (except for individual characteristics), together w ith 
their item  statistics (m ean and standard deviation) and factor loadings (see 
fu rth e r) .

In o rder to  m easure inform ation seeking behaviour, respondents w ere asked 
to  w hat ex ten t they in tended to  search for inform ation on four topics, (i) 
possible consequences o f a storm  surge, (ii) m easures tha t the governm ent is 
em ploying to  cope w ith  storm  surges, (iii) possible escape rou tes in the  case of 
threatening coastal floods, and (iv) safe locations in the neighborhood (scores 
1 to  S, from  ‘definitely n o t’ to  ‘definitely’). These topics are based on item s 
to  m easure flood preparedness intentions, developed and used by T erpstra 
(2011). Perceived hazard know ledge was m easured by four questions related  
to: (i) the  consequences o f a coastal flood, (ii) the use and functioning o f beach 
nourishm ent, (iii) the  p ro tec tion  level o f the dikes and (iv) the  m aintenance of 
the sea defence. All four questions w ere in troduced  by ‘H ow  w ell do you 
th ink you’re  inform ed a b o u t...? ’ and answers ranged from  ‘very bad’ (score: 
1) to  ‘very good’ (score: S). Risk percep tion  was m easured th rough five 
item s, which w ere  based on previous research on public perceptions o f coastal 
flood risks (Keilens et al., 2011). The five item s reflect different aspects o f risk 
perception: awareness (or consciousness), likelihood, affect (w orry), im pact 
(storm  surge consequences) and calmness (feeling safe). All item s w ere 
m easured on a 5 -po in t scale, ranging from  ‘no agreem ent a t all’ (score: 1) to  
‘full ag reem ent’ (score: 5). Response efficacy was m easured by the perceived 
level o f usefulness of th ree  inform ation topics, (i) the sea defence and the 
actual p ro tec tion  level, (ii) tips and instructions on personal m easures to  
m itigate flood damage and (iii) instructions about evacuation procedures and 
escape rou tes (scores 1 to  5, from  ‘n o t useful at all’ to  ‘very useful ). Finally, 
inform ation need or inform ation insufficiency was m easured by th ree 
dichotom ous questions, (i) ‘Do you th ink sufficient inform ation is provided 
about the flood risks on the Belgian coast?’, (ii) ‘Have you ever searched for

166



The informed society

inform ation about flood risks on the Belgian coast?’, and (iii) ‘W ould  you like 
to  know  m ore  about flood risks on the Belgian coast?’ (yes/no , coded as 1 /0 ) .

A closer look at the item  statistics in Table I reveals rem arkably high values for 
the item s m easuring inform ation need. Particularly the question ‘W ould  you 
like to  know  m ore  about flood risks on the Belgian coast?’ results in a m anifest 
m ean score o f 0 .92  (in w hich ‘n o ’ =  0; ‘yes’ =  1; SD =  0 .26 ). Hence, 92%  of 
our sample indicates tha t m ore  inform ation on coastal flood risks is necessary.

Exploratory factor analysis w ith  correlated  factors (oblim in ro tation) revealed 
the existence o f four factors w hich corresponded  to  four constructs (cf. Table 
6-1). Since the item s o f inform ation need w ere m easured as dichotom ies, they 
could n o t be included in the factor analysis. As far as the o ther item s are 
concerned, all could be preserved except for one item  regarding response 
efficacy o f sea defence and actual p ro tec tion  level due to  low  cross-loadings. 
Internal consistencies (C ronbach’s Alphas) w ere satisfactory for the  four 
constructs. In o rder to  facilitate fu rther analysis, the  item s are sum m ed 
together for each construct (plus inform ation need), so tha t five scores are 
form ed: (i) an inform ation seeking behaviour score (range: 4  — 20), (ii) a 
perceived know ledge score (range: 4  — 20), (iii) a risk perception  score 
(range: 5 — 25), (iv) an response efficacy score (range: 2 — 10), and (v) an 
inform ation need score (range: 0 — 3). For reasons of simplicity, the  term  
‘score’ is n o t used in the  rem ainder o f the paper.

Finally, a small set o f individual characteristics was gathered. A part from  age, 
gender (m ale/fem ale, coded as 1 /0 ), perm anen t and tem porary  residents 
w ere distinguished from  each o ther by the question ‘Do you reside 
perm anently  on the Belgian coast?’ (y es/n o , coded as 1 /0 ) . Flood experience 
was m easured by a dichotom ous question ‘Have you ever suffered m aterial 
a n d /o r  financial damage as a consequence o f flooding (be it on the coast or 
elsew here)?’ (y es/n o , coded as 1 /0 ).
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T ab le  6-1 F a c to r  lo ad ings a n d  ite m  s ta tis t ic s  f o r  all ite m s

Items Factor loadings Item statistics
1 II III IV Mean SD

1. Information seeking behaviour 13.98 3.60
(a  = .89)

T o  w hat e x te n t do  you intend to
search  fo r  m o re  inform ation on:
- possible consequences of a sto rm 0.83 -0.21 3.42 0.93
surge;
- m easures th a t th e  governm ent is 0.87 3.61 0.96
employing to  co p e  w ith sto rm
surges;
- possible escape ro u tes in th e  case 0.75 0.33 3.40 1.10
of th rea ten ing  coastal floods;
- safe locations in th e  neighborhood. 0.70 0.31 3.41 1.14

2. Perceived hazard knowledge 9.86 4.08
(a  = .94)

H ow  well do  you th ink you’re
inform ed about...?
- th e  consequences of a coastal 0.81 2.42 1.12
flood;
- th e  use and functioning of beach 0.91 2.74 1.20
nourishm ent;
- th e  p ro tec tio n  level of th e  dikes; 0.95 2.55 l.l 1
- th e  m aintenance of th e  sea defence. 0.87 2.40 1.09

3. Risk perception (a  = .78) 15.65 3.76
- 1 som etim es give flood risks on  th e 0.63 2.46 0.96
Belgian co ast a m om ent thought.
(aw areness)
- 1 ex p ec t g reat chances of sto rm 0.77 -0.1 1 3.24 1.13
surges causing floods in th e  coastal
area, (likelihood)
- I’m w o rried  abou t th e  danger of a 0.90 3.08 1.20
sto rm  surge on  th e  Belgian coast.
(affect)
- A sto rm  surge can have fatal 0.51 3.78 1.02
consequences fo r th e  coastal area
and its inhabitants, (impact)
- W h en  1 stay on th e  Belgian coast, 1 0.19 -0.36 3.37 0.95
feei p ro tec ted  by th e  sea defences.
(calmness)*

4. Response efficacy (a  = 0.74) 8.16 1.87
T o w hat e x te n t may th e  following
inform ation top ic  be useful to  you:
- th e  sea defence and th e  actual 0.12 0.13 0.14 4.06 0.79
p ro tec tio n  level
- tips and instructions on personal 0.55 3.96 1.12
m easures to  mitigate flood damage
- instructions ab o u t evacuation 0.98 4.10 1.07
p ro ced u re s and escape ro u tes
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Items Factor loadings Item statistics

1 II III IV Mean SD
5. Information need** 2.12 0.51

- D o you think sufficient inform ation . 0.16 0.37
is provided abou t th e  flood risks on
th e  Belgian coast?*
- Have you ev er searched for . 0.22 0.42
inform ation ab o u t flood risks on  th e
Belgian coast?
- W ould  you like to  know  m ore . 0.92 0.26
ab o u t flood risks on th e  Belgian
coast?

* I tem  r e v e r s e  c o d e d ; ** n o t  c o n s id e re d  in f a c to r  analysis ( ite m s a re d ic h o to m o u s ) ;
E x c e p t f o r  in fo rm a tio n  n e e d , all i te m s  a re m e a s u re d  o n  a  5 -p o in t  sca le  w ith  3 as
m idd le  value; F a c to r  lo ad in g s b e lo w  0.1 a re n o t  sh o w n ; N  =  266

6.4.3 Sample characteristics

A to ta l o f 313 respondents filled ou t the  questionnaire, leading to  a response 
ra te  o f 6 .3% . This low  response ra te  is n o t unusual for on-line questionnaires 
(Terpstra, 2010) and does n o t necessarily resu lt in biased estim ates in the 
statistical analysis (Lindell and Perry, 2000). Caution, how ever, should be 
m ade w hen m aking generalizations.

The sample consists o f 251 perm anen t residents (79 .4% ) against 62 tem porary  
residents (second residence ow ners). This m arked dissimilarity in sample size 
closely m atches the actual ratio  be tw een  perm anen t and tem porary  residents 
a t the  tim e the questionnaire was on-line (on average 86%  o f the  coastal 
population  in Septem ber are perm anen t residents, according to  data o f W est 
Flanders Econom ic Agency; G unst et al., 2008). The overall m ean age o f the 
sample is 54 .6  years old, w hich is slightly biased tow ards o lder people 
(average age in Belgium is 49 years am ong adults ( > 1 8  years old)). Male 
respondents are overrepresen ted  (65 .1% ). As regards flood experience, only 
7%  o f the  sample has suffered financial/m aterial damage from  previous 
flooding.

6.4.4 Analysis

In o rder to  te s t the set o f hypotheses from  Section 3, a path  analysis is 
conducted using PRELIS 2 .30  and LISREL 8.30 softw are (Jöreskog and 
Sörbom, 1993). PRELIS was used to  calculate the correlation  and standard
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deviation m atrices o f the  theoretical concepts as p resen ted  in the theoretical 
m odel (n =  243 w ith  list-w ise deletion  o f cases). Both m atrices then  served as 
data inpu t for the path  analysis using LISREL, in which the covariance m atrix  
was analyzed using m axim um  likelihood estim ation. M ultiple fit indices are 
rep o rted  to  evaluate the  adequacy o f overall m odel fit. A dequate m odel fit is 
based on the H u and Bentler cutoff criteria for fit indexes in covariance 

structu re  analyses (H u and Bentler, 1999). Preferably, the / d e g r e e s  of 
freedom  (df) ratio  is sm aller then  2, the C om parative Fit Index (CFI) is larger 
then  0 .90 , the R oo t M ean Square E rro r o f A pproxim ation (RMSEA) is smaller 
than 0 .08  while the com plete RMSEA 90 p ercen t confidence interval is 
sm aller than 0 .10 . Finally, the Standardized R oot M ean square Residual 
(SRMR) should be sm aller than 0 .10 .

Besides overall m odel fit, LISREL o u tp u t also generates unstandardized 
regression weights (i.e ., B’s) for d irect effects be tw een  theoretical concepts, 
together w ith  their significance levels in the  form  o f so-called £-statistics. A t- 
statistic o f 1.96 absolute o r larger is significantly different from  zero at the 
0.0S level (tw o-sided). A t-statistic o f 2 .S8 absolute or larger is significantly 
different from  zero at the 0.01 level (tw o-sided). M ediation testing is done by 
investigating the significance o f single ind irect effects in the case o f one 
m ediator or m ultip le indirect effects in the case o f th ree m ediators. M ultiple 
indirect effects sum up to  to ta l indirect effects, as produced  by the LISREL 
softw are. D irect and to ta l indirect effects sum up to  to tal effects. W hen  total 
indirect effects are zero, then  direct and to tal effects are alike. For example, 
based upon  the theoretical m odel p roposed in this study, efficacy directly 
predicts inform ation seeking behaviour w ithou t intervening concepts. D irect 
and to tal effects should therefore  be equal for this relationship.

6.5 R esu lts

Based upon  an unm ediated  m odel, inform ation seeking behaviour is predicted  
by individual characteristics (H la )  and response efficacy (H lb ) . Figure 6-3 
depicts the unstandardized regression weights (i-sta t  ist it s betw een  brackets) 
for the  to tal effects o f individual characteristics and efficacy predicting 
inform ation seeking behaviour. The first hypothesis is confirm ed, because 
inform ation seeking behaviour is enhanced w hen respondents are older, live 
perm anently  on the Belgian coast, and consider risk inform ation useful. 
H ow ever, the to ta l effects o f previous flood experience and gender are n o t 
significantly re la ted  to  inform ation seeking behaviour. M odel fit was adequate
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w ith  a X2/ d f  ra tio  o f 1.S8, a CFI o f 0 .98 , a RMSEA o f 0.0+8, an RMSEA 
confidence interval rançinç from  0 .00  to  0 .10 , and a SRMR of 0 .037.

Inform ation
seeking

behavior

Response
efficacy

Individual
charac te ristics

age, g e n d e r ,  
flo o d  e x p e r ie n c e ,  

p e r m a n e n t  r e s id e n c e

« «  (3J7) 
Sentfe,.^

Pem, :0<* ¿29)

Figure 6-3 Unm ediated model: B values of to ta l effects (t-statistics between 
brackets)

The LISREL ou tpu t also allows us to  test the second hypothesis concerning 
m ediation. The to ta l effects o f aye and residing perm anently  on inform ation 
seeking behaviour are m ediated  by risk perception  (H2a), perceived hazard 
know ledge (H2b), and inform ation need (H 2c). Figure 6-4 depicts the 
unstandardized regression weights (t-statistics betw een  brackets) o f all the 
d irect effects in the m ediated  m odel. As can be seen in Figure 6-4, the direct 
effect o f a^e on inform ation seeking behaviour rem ains significant, after 
controlling for m ultip le m ediating processes. M ore im portantly , the to tal 
indirect effect is significantly different from  zero signalin<> partial m ediation, 
B total indirect effect =  0 0 1 ,  p <  .05. Careful inspection o f the m ultip le intervening 
processes reveals that aye is significantly associated w ith  risk perception, bu t 
n o t w ith  perceived hazard know ledge and inform ation need  (BtotaIeffect =  0 .00, 
ns). Risk perception  increases for o lder respondents. Risk perception  in tu rn  is 
significantly associated w ith  inform ation seeking behaviour, BtotaIeffect =  0 .22 , p 
<  .01. Inform ation seeking behaviour is enhanced w hen risk perception  
increases. In sum, the to tal aye effect on inform ation seeking behaviour is 
partly  m ediated  th rough risk  perception  confirm ing H2a, bu t disconfirm inç 
hypotheses 2b and 2c.
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Figure 6-4 Mediated model: B values of d irect effects (t-statistics betw een brackets)

The direct effect o f residing perm anently  on inform ation seeking behaviour is 
non-significant, while the  to ta l indirect effect differs from  zero, BtotaI indirect effect 
=  0 .28 , p <  .01. A closer exam ination o f the  intervening processes reveals 
that residing perm anently  is significantly associated w ith  risk perception, 
perceived know ledge, and inform ation need  (Btotal effect =  0 .09 , p <  .01). 
Residents living perm anently  on the Belgian coast have higher risk perception, 
higher perceived hazard know ledge, and greater inform ation need, com pared 
to  tem porary  residents. As stated above, increasing risk perception  increases 
inform ation seeking behaviour, Btotal effect =  0 .22 , p <  .01. Similarly for 
perceived hazard know ledge, Btotal effect =  0 .11 , p <  .05. H ow ever, the 
association betw een  inform ation need and inform ation seeking behaviour is 
non-significant. In sum, the to tal effect o f residing perm anently  on 
inform ation seeking behaviour is com pletely m ediated  th rough risk percep tion  
and perceived know ledge confirm ing H2a and H 2b. Inform ation need is n o t a 
m ediator in this relationship, thereby d isconfirmin<> H2c.

Inform ation need does n o t m ediate the relationship betw een  risk perception  
and inform ation seeking behaviour. The indirect effect was non-significant 
(̂ indirect effect =  0.02 , nt), thereby d isconfirm in<> I l ia .  Similarly, inform ation 
need does n o t m ediate the  relationship betw een  know ledge and inform ation 
seeking behaviour (Bindirect effect =  -0 .02, ns), thereby disconfirmin<> H3b. In 
sum, inform ation need is again n o t a m ediator due to  the non-significant 
relationship w ith  inform ation seeking behaviour.
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A ccording to  H4, the  individual characteristics under study (age, gender, 
flood experience and perm anen t residence) are expected  to  pred ict 
inform ation need. This hypothesis is only partly  confirm ed, because 
inform ation need is enhanced for m en  (Btotal effect =  0 .11 , p <  .01), and w hen 
respondents live perm anently  on the Belgian coast (Btotaleffect =  0 .09 , p <  .01). 
H ow ever, the  to tal effects o f previous flood experience (Btotal effect =  -0 .04, ns) 
and age (Btotaleffect =  0 .00 , ns) are n o t significantly re la ted  to  inform ation need.

Finally, the  to tal effects on inform ation need are m ediated  by risk percep tion  
(HSa), and perceived hazard know ledge (HSb). As can be seen in Figure 6-4, 
the  d irect effect o f residing perm anently  rem ains significant on inform ation 
need. The to tal indirect effect is non-significant (Btotal indirect effect =  0 .01 , ns). 
Careful inspection o f the intervening paths via risk perception  and perceived 
know ledge explains this null effect. The in tervening path  th rough risk 
perception  is positive while the  intervening path  th rough perceived know ledge 
is negative. Both indirect effects suppress each o ther, making the to ta l indirect 
effect zero. A similar suppressor effect is found for the  gender-need 
relationship. The to ta l ind irect effect is again non-significant, Btotal indirect effect =  
0 .01 , ns. In sum, residents living perm anently  on the Belgian coast and m en 
have greater inform ation need than tem porary  residents and w om en. 
M ediation processes via risk perception  and perceived know ledge cancel each 
o ther out.

6.6 D iscuss ion

This chapter dealt w ith  the public’s inform ation seeking behaviour in the 
con tex t o f coastal flood risks. Based on previous inform ation seeking m odels, 
em pirical relationships w ere  tested  betw een  inform ation seeking behaviour 
and a set o f determ inants. Particular a tten tion  was given to  the  m ediating ro le 
o f inform ation need and the effects o f residing perm anently  on the coast (or 
no t) in the inform ation seeking process. A sample o f 313 respondents 
(inhabitants and second residence ow ners) was collected in the city of 
O ostende on the Belgian coast. Path analysis was used to  statistically test 
several hypotheses, w hich reflected  the different relationships o f the 
hypothesized m odel (cf. Figure 6-1). This section discusses the  m ain outcom es 
o f the study and provides in terpretations and additional clarification to  these 
outcom es.

The first research objective o f this chapter concentrated  on the ro le  of 
inform ation need as being a m ed iato r in the  seeking process o f risk related
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inform ation. Previous m odels, such as RISP (Griffin et al., 1999) and FRIS (ter 
H uurne, 2008) suggested m ediation  by placing inform ation need (or 
inform ation insufficiency) in the  cen tre  o f these m odels. H ow ever, our results 
suggest tha t inform ation need does n o t fulfil a m ediating ro le  in the 
inform ation seeking process. The d irect effect from  inform ation need  on 
inform ation seeking behaviour was non-significant. As a result, the  indirect 
effects via inform ation need w ere  also non-significant. O u r findings seem to 
support the outcom e o f Kahlor (2010), w ho could n o t find a significant effect 
o f perceived know ledge insufficiency (com parable to  inform ation need) on 
seeking in tentions either. A pparently, perceiving an inform ation need does 
n o t necessarily resu lt in higher seeking intentions. Responsibility m ight be the 
key variable to  explain this insignificant relation. For instance, a person  m ight 
feei he is insufficiently inform ed about a hazard, b u t beliefs it is n o t his 
responsibility to  inform  him self about it. Instead, this person  beliefs the 
governm ent should actively com m unicate about risks. Previous research has 
exam ined similar relations. For exam ple, Lindell and Perry (2000) rep o rted  
significant correlations betw een  perceived p ro tec tion  responsibility and the 
adoption o f adjustm ents in the  con tex t o f seismic hazards. To our know ledge, 
how ever, no study has yet investigated the m oderating  ro le  o f responsibility in 
the need-in ten tion  relationship. This m ight be a topic for fu tu re  research.

The second research objective o f this chapter focused on the effects o f residing 
perm anently  in the  coastal area or no t, given tha t the tem porary  residents ow n 
a second hom e in the coastal area. A lthough b o th  groups (inhabitants and 
second residence ow ners) have belongings to  be concerned o f in the  coastal 
area, they largely differ in term s o f ‘being p resen t’, m aking the tem porary  
residents m uch m ore  difficult to  reach or to  inform . The outcom es o f our 
m odel suggested tha t perm anen t residents have higher risk  perception, higher 
perceived hazard know ledge, and greater inform ation needs than tem porary  
residents. M ost im portantly , residing perm anently  or tem porary  along the 
coast affected inform ation seeking behaviour via risk perception  and hazard 
know ledge, indicating full m ediation. H ence, inhabitants are m ore  than 
second residence ow ners inclined to  seek for inform ation on coastal flood 
risks, because they feei m o re  vulnerable and have g reater know ledge o f the 
risks o f coastal flooding.

In addition to  the tw o research objectives, several o ther outcom es are w orth  
m entioning here. In support o f previous research by Kievik and G utteling 
(2011), risk perception  and response efficacy w ere  found to  be strong 
predictors o f inform ation seeking behaviour. This outcom e again suggests that
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risk com m unication should focus on raising risk  percep tion  (e.g ., using fear 
appeal messages) together w ith  persuasive messages to  increase response 
efficacy. A part from  perm anen t residence, age was found the only strong 
p red ic to r am ong the individual characteristics under study. The m odel 
indicated partial m ediation  since age predicts inform ation seeking behaviour 
bo th  directly and indirectly  via risk  perception . This ou tcom e supports 
previous studies on flood risk perception, w hich show ed tha t o lder people 
generally exhibit higher levels o f risk  perception  for such hazards (Lindell and 
Hwang, 2008; Keilens et al., 2011). To our surprise, flood experience was 
n o t a significant p red ic to r o f seeking intentions. W e believe the small 
subsam ple o f people having such experience (N  =  18) prevented  us from  
revealing significant relations w ith  o ther variables.

A specific issue encountered  in our m odel is suppression o f the to tal indirect 
effect via risk perception  and perceived know ledge. W e found such 
suppression effects for the relationships betw een  gender, perm anen t residence 
and inform ation need. W hile higher levels o f risk  perception  increase 
inform ation need, perceived hazard know ledge equally decreases inform ation 
need. To our know ledge, no study previously rep o rted  on m ediating 
processes opposing each other.

Some lim itations o f this study need to  be acknow ledged here. A first 
lim itation concerns the m odel fit and the variance explained by the 
determ inants. W hile our m ain goal was to  exam ine several relationships 
betw een  determ inants o f inform ation seeking behaviour, w e believe the 
m odel w e p resen ted  is adequate. M odel fit param eters are satisfactory, ju st as 
the explained variance o f inform ation seeking behaviour is (29% ). A higher 
explained variance m ight have been possible by inclusion o f o ther variables 
(e .g ., perceived responsibility). A second lim itation deals w ith  the response 
ra te  o f the survey. As Lindell and Perry  (2000) indicate, low  response rates 
m ight m ake the representativeness o f a sample uncertain  because n o n ­
response m ight be system atic ra ther than random . W e suppose tw o  m ain 
reasons for this low  response ra te . D ue to  privacy issues and the tem porary  
subsam ple o f second residence ow ners, it was n o t possible to  invite people 
personally via email, n o r was it possible to  send ou t rem inders. A th ird  
lim itation concerns causality testing. D espite the  suggested directions in our 
m odel, the cross-sectional sample data did n o t allow  for causality testing. 
W hile w e can rely on previous (quasi-) experim ental studies and theories to  
assume tha t several directions are indeed correc t (e .g ., the  causal effects o f 
risk perception  and response efficacy on inform ation seeking behaviour have
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been proven  by Kievik and G utteling (2011)), caution should be m ade w hen 
linking up causal connections o f specific relations (Lindell and Hwang, 2008). 
Finally, focus in this study was on inform ation seeking behaviour and its 
determ inants. H ow ever, increasing inform ation seeking behaviour am ong 
citizens is only useful if it makes people m ore  resilien t and prepared  for a 
hazard. Previous studies have already dem onstrated  strong links betw een  
inform ation seeking in tentions and preparedness behavior (cf. M ileti and 
D arlington, 1997; Paton et al., 2001; Kievik and G utteling, 2011), b u t fu ture 
research should fu rther investigate the determ inants a n d /o r  include the la tte r 
as well.

D espite these lim itations, the p resen t study provides new  insights in the 
peop le’s inform ation seeking process regarding coastal flood risks. Based on 
cross-sectional data, inform ation need could n o t be detected  as a m ediator, 
n o r as a pred ic to r o f inform ation seeking behaviour. This is im portan t, since it 
shows tha t a high inform ation need  am ong the public n o t necessarily transfers 
itself into increased seeking in tentions or even desirable behaviour. Thus, 
although respondents from  O ostende show ed high inform ation needs (92%  
indicated m ore  inform ation on coastal flood risks is w elcom e, cf. Table I), 
governm ents should n o t re s t on their laurels, since risk com m unication 
program s will be indispensable to  fulfill the  public’s need. M oreover, it seems 
tha t peop le’s inform ation need is increasing in recen t years, w hen com paring 
the cu rren t inform ation need to  the  findings o f the  COM RISK pro ject (in 
which 78%  o f the  respondents indicated an inform ation insufficiency; Kaiser et 
al. , 2004). It seems reasonable to  assume tha t the recen t defence w orks on the 
Belgian coast (e .g ., extensive beach nourishm ents) have increased awareness 
levels am ong the public w hich consequently have provoked their inform ation 
need. Examining such (visual) effects m ight be a m a tte r for fu tu re  research.

Finally, this study show ed tha t the low er inform ation seeking behaviour 
am ong tem porary  residents can be perfectly countered, since full m ediation  is 
p resen t th rough risk perception  and perceived know ledge. Com m unication 
campaigns should pay special a tten tion  to  tem porary  residents, focusing on 
increasing their awareness and know ledge about coastal flood risks, thereby 
increasing the ir inform ation seeking behaviour indirectly.
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A d d e n d u m :  Public’s p r e fe re n c e s  o f  f lood  r isk  c o m m u n ic a t io n  

Introduction

Risk com m unication covers a w ide range o f activities, such as inform ing and 
educating the public about risk  and risk m anagem ent in o rder to  influence 
attitudes and behaviour, acting in situations o f em ergency or crises, aiding in 
decision-m aking and assisting in conflict reso lu tion  (Boholm, 2008). Effective 
risk com m unication, or the non-existence thereof, can have a m ajor bearing 
on how  well people are p repared  to  face and cope w ith  a risk (Basic, 2009).

Many researchers have exam ined the do’s and don’ts o f risk com m unication. 
First o f all, it is w idely accepted tha t risk com m unication should strive for a 
dialogue betw een  all possible actors — policy m akers, flood risk experts, 
stakeholders, public, etc. A crucial condition for this dialogue to  be successful 
is tru s t (Petts, 2008). As a kind o f oil, tru s t lubricates the contacts betw een  
the participants and creates a smooth com m unication. H ow ever, as Slovic 
(1997) alerts, tru s t is easier to  destroy than to  create. It is therefore  im portan t 
for the  com m unicator to  listen to  the  audience, and to  share som e decision 
pow er th rough  stakeholder participation (Bier, 2001). A part from  the source, 
the message channel is equally im portan t to  build tru s t (Lindell and Hwang,
2008). R isk-related inform ation should fu rther be clear and unam biguous at 
all tim es (M cEwen et al., 2002), a task which is n o t as easy as it sounds, 
particularly w ith  regard  to  low -probability  risks such as flood hazards. 
Visschers et al. (2009) review ed the use o f probability inform ation and 
uncertain ty  in risk com m unication and found tha t the presen tation  form at of 
the  inform ation is particularly im portan t w hen people have less tim e, o r are 
less m otivated  to  process the inform ation. H ow ever, the con ten t o f the 
message should n o t be overlooked either. T erpstra  et al. (2010) found tha t the 
public prefers specific ra ther than generic inform ation. W hile the la tte r is 
usually em ployed, the fo rm er may be m ore  effective since it provides personal 
inform ation such as advice on m itigation m easures, evacuation procedures, 
etc. An underestim ated  factor in effective risk  com m unication is repetition . 
As people tend  to  rapidly forget inform ation tha t is re la ted  to  rare  events 
(Plate, 2007), repeating the risk inform ation on a regular basis is deem ed 
essential. Finally, a num ber o f authors recognize the im portance of 
considering the heterogeneity  o f the  public in risk com m unication (M artens et 
al., 2009).
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This addendum  aims to  reveal the public’s preferences regarding coastal flood 
risk inform ation. Particularly, th ree  questions are addressed here, nam ely a 
what-, when, and ioir-question: (i) ‘ What inform ation is felt useful?’, (ii) ‘When 
should this inform ation be dissem inated?’, and (iii) ‘How should this 
inform ation be dissem inated?’ Additionally, reasons for declining flood risk 
inform ation are exam ined. Specific a tten tion  is given to  differences betw een  
perm anen t and tem porary  residents.

Methodology

D escriptive analysis is carried ou t on cross-sectional data, gathered in the  city 
o f O ostende, one o f the m ost vulnerable places to  coastal flooding on the 
Belgian coast. W e re fer to  Section 6 .4 .1  for a description o f the sampling 
m ethod  and the sample characteristics.

This addendum  reuses the questionnaire item s on response efficacy, which 
m easured the perceived usefulness o f several inform ation topics (cf. Section 
6 .4 .2 ). In addition to  these item s, th ree  questions probed  the p referred  
inform ation frequency (weekly, m onthly, yearly or only w hen necessary, e.g ., 
in the case o f an acute storm  threat), the  preferred  com m unication channels 
(e .g ., In ternet, radio, new spaper, e tc .) and the previous com m unication 
channels (if any). R espondents w ho answ ered ‘n o ’ to  the question ‘W ould 
you like to  know  m ore  about flood risks on the Belgian coast?’ (which is part 
o f the inform ation need construct) had the possibility to  explain why they do 
n o t w ant to  receive such inform ation (open question).

Results

Figure 6-5 shows the perceived usefulness o f th ree inform ation topics 
according to  tem porary  and perm anen t residents. All th ree topics score high 
on the usefulness-scale, bo th  by perm anen t and tem porary  residents. 
Inform ation on evacuation procedures and escape rou tes scores highest on the 
‘very useful’ category. W hen  adding the ‘useful’ category, how ever, 
inform ation regarding sea defence and actual safety level is clearly regarded as 
the m ost im portan t com pared to  the  o ther tw o topics (86.9%  versus 73.8%  
and 77 .0%  for tem porary  residents; 84 .2%  versus 76.0%  and 79.3%  for 
perm anen t residents). O verall, 10 to  15% o f the respondents takes the neu tral 
category. Less than 10% doubts the usefulness o f this inform ation.
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Figure 6-5 Perceived usefulness of risk-related information
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Figure 6-6 P referred risk-related information frequency

Figure 6-6 shows that the m ajority  o f the  respondents sees benefits in 
receiving risk-related  inform ation once a year or only w hen necessary. W hile 
m ost tem porary  residents (57.4° b) op t for yearly com m unications, m ost 
perm anent residents (+ 5 .6 °b) prefer com m unication only w hen necessary. In
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bo th  groups, about one ou t o f ten  respondents prefers com m unication on a 
m onthly  basis. The choice for w eekly com m unications is negligible.

Figure 6-7 depicts previously used and p referred  com m unication channels for 
distributing coastal flood risk inform ation. The graph clearly shows higher 
percentages o f previous and p referred  com m unication channels am ong the 
perm anen t residents, as com pared to  the tem porary  residents. The 
dissimilarities are m ost apparent for TV and neighborhood com m unication. 
There are fu rther m arked differences betw een  previous and p referred  
com m unication channels, b o th  am ong tem porary  and perm anen t residents. 
A lm ost all com m unication channels score notably higher on the p referred  
scale than on the previous scale. H ow ever, the top  th ree o f com m unication 
channels is slightly different betw een  b o th  scales. W hile TV, new spaper and 
In ternet com pose the top-3 am ong the previous channels, brochures are 
p referred  above new spapers, b o th  by tem porary  and perm anen t residents. It is 
fu rther apparent tha t the top-3  sequence o f p re ferred  com m unication channels 
is ju st reversed betw een  bo th  groups o f residents. The categories 
neighborhood and friends are clearly less functional for risk com m unication, 
though perm anen t residents w ould like to  see m ore  activities regarding risk 
com m unication in the ir neighborhood. T hree extra categories are also w orth  
m entioning here: (i) ‘I d o n ’t  kno w ’, (ii) ‘O th e r’ and (iii) ‘N ev er’ . W hile a 
negligible fraction o f the respondents indicated tha t they had n o t any clue 
about risk com m unication channels, a relatively large num ber o f respondents 
filled in ‘o ther com m unication channels’ . Am ong the diverse answers, 
‘m agazines’ w ere often  m entioned, as w ell as ‘the m unicipality’, ‘w orkshops’, 
and ‘by profession’ (e.g ., fishery). N o tew orthy  is that nearly 40%  o f the 
tem porary  residents had never received inform ation on flood risks before. 
Am ong the perm anen t residents, less than 25%  indicated the same.
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Finally, it is exam ined why som e respondents do n o t w ant to  receive risk- 
re la ted  inform ation (Figure 6-8). This group com prises four tem porary  
residents (6.2° b) and tw enty-six  perm anent residents (10.+° o). Except for one 
inhabitant, all answ ered the open question ‘W hy are you n o t in terested  in 
inform ation about coastal flood risks?’ N ine key reasons are distinguished: (i) 
low  probability ( ‘Risk is too  small ), (ii) fatalism ( ‘N ature is almighty, we 
cannot influence it ), (iii) avoiding panic ( ‘N o t necessary to  spread panic ), 
(iv) tru st in governm ent and experts ( ‘M unicipalities are taking care o f this 
problem  ), (v) age ( ‘I’m  too  old to  be concerned ), (vi) disbelief ( ‘I am living 
near the coast for 60 years now , and I have never encountered  m ore  nuisance 
than som e overtopping waves along the dikes’), (vii) fear ( ‘M ore inform ation 
w ould frighten m e ), (viii) sufficient know ledge ( ‘I believe I know  enough 
about the problem  ), (ix) n o t im portan t ( ‘T here are m ore  im portan t things 
that need to  be handled firs t’ ). Figure 6-8 depicts these nine key reasons w ith 
their corresponding num ber o f appearances in the re sp o n d en t’s answers. 
D espite the small sample group, it seems that flood hazard’s low  probability 
and the feeling o f fatalism are the m ost ‘popu lar’ reasons to  decline flood risk 
inform ation.
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Figure  6 -8  K e y  r e a s o n s  f o r  declin ing  f lo o d  r isk  in fo rm a t io n

Discussion

The research  objective in this addendum  focused on the  public’s inform ation 
need and its com m unication preferences. T hree questions w ere exam ined: (i) 
What inform ation is felt useful, (ii) When should this inform ation be 
dissem inated, and (iii) How should this inform ation be disseminated?

C oncerning the iiia t-question , descriptive statistics revealed that the m ajority  
o f the  respondents (m ore than th ree  quarters) finds any inform ation on flood 
risk useful, w hether it is general inform ation on the sea defence o r personal 
inform ation on m itigation m easures. Yet, on a closer look, it seems that 
general inform ation is slightly m ore  preferred , bo th  by perm anent and 
tem porary  residents. This is contrasting to  previous research by T erpstra 
(2010), who emphasized the im portance o f com m unicating specific risk 
m itiçatinç inform ation to  D utch citizens. A lthough the con tex t o f our research 
is som ew hat different, the  fact that Belgian respondents ra te  general 
inform ation that hijdi m ijdit indicate a general shortage on flood risk 
com m unication. It seems that general questions — c .<>., w hat is the  actual risk 
and w hat does the governm ent do about it? — first need to  be handled, before 
com m unication on personal m itigation actions should be distributed.

Regarding the iiien-question, respondents slightly p referred  frequent 
com m unication (weekly, m onth ly  or annual) over acute notification (i.e. 
w hen a storm  surge is expected). In contrast to  w hat one m i glit be expecting,
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particularly tem porary  residents dem anded frequen t risk  inform ation. This 
could indicate a certain  resignation am ong perm anen t residents.

As regards the /loir-qucst ion, respondents w ere asked about the previously 
used and the p referred  com m unication channels for d istribution  o f coastal 
flood risk inform ation. As expected  from  previous research (K reibich et a l.,
2009), TV and In ternet scored high on the p referred  scale, b u t surprisingly, 
brochures are ra ted  higher than the ‘classic’ channels radio and new spaper, 
particularly am ong tem porary  residents. O u r findings also support the use of 
brochures or leaflets in favor o f neighborhood com m unication, which is 
contrasting to  w hat previous studies have suggested (T erpstra et al., 2009). 
The support for brochures m ight correspond to  the  finding tha t a m ajority  of 
the respondents dem ands general inform ation on actual flood risk and sea 
defence m easures. W hereas neighborhood com m unication m ight be m ore  
useful for specific, person-based inform ation, brochures and leaflets are m ore  
suitable to  com m unicate general inform ation.

Finally, it was investigated why a small num ber o f respondents declined flood 
risk inform ation in the  fu ture. Am ong their reasons, the flood hazard’s low  
probability and the feeling o f fatalism w ere  cited m o st often. Flood risk 
com m unication could counter bo th  argum ents by addressing the ‘low  
probability b u t high consequence’-issue and underline the  fact tha t ‘som ething 
can be done’ to  m itigate flood risks.
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7 G E N E R A L  D I S C U S S I O N

This chapter first recapitulates the research objectives o f this dissertation and 
summarizes the m ain outcom es (Section 7 .1 ). N ext, critical reflections are 
given on diverse m ethodological aspects and avenues for fu rther research  are 
discussed (Section 7 .2 ). Finally, im plications and challenges for policy m akers 
are presen ted  (Section 7 .3).

7.1 S u m m ary

This dissertation has been p rom pted  by several trends and developm ents in 
flood risk m anagem ent. First, it addresses the grow ing a tten tion  to  the public 
flood risk perception  (subjective risk assessm ent) and the increasing dem and for 
research on flood risk  com m unication. Second, it deals w ith  the increased 
flood risk in coastal areas, a tren d  tha t is m ainly triggered  by clim ate change 
effects (in particular sea level rise and storm  frequency) and urbanization 
(econom ic developm ent, dem ographic pressure, tourism , e tc .). Third, it 
focuses on the Belgian coast since this region is on the verge o f realizing new  
defence m easures to  im prove its p ro tec tion  against flooding.

T hree research  objectives w ere  addressed in this dissertation.

Objective A: To review the state o f the art in research on objective (i.e., 
technical) and subjective (i.e., perceived) ßood  risk assessment (l i ( f  1 and l i ( f
3).

Objective B: To analyze particular research gaps in objective and subjective 
ßood  risk assessment in coastal areas (B Q ß and RQß).

Objective C: To suggest elements to improve ßood  risk communication in 
coastal areas (RCf5).

Five research questions (R Q ) w ere distilled from  the above research 
objectives, each o f w hich w ere  tackled in a chapter o f this dissertation.

R C fl: What is the state oß the art in ßood  risk management in Tlanders and what are 
theßuture challenges?

In recen t years, Flanders (the n o rth e rn  part o f Belgium) has substantially 
im proved its flood m anagem ent. Its shift from  a flood contro l approach —
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which serves p ro tec tion  against a certain  w ater level — to  a risk-based 
approach — w hich serves p ro tec tion  against losses while taking the probability 
o f occurrence into account — has clearly proven  a necessary one (Broekx et al., 
2011). W hile the  fo rm er approach resu lted  in perennial heightening o f dikes 
and levees, the la tte r focuses on the potential environm ental im pact o f a flood 
event (M erz et al., 2010). Since these technical flood risk  analyses (cf. objective 
risk assessment) enable identifying vulnerable areas, they have been rapidly 
em braced by policy m akers concerned about flood im pact m inim ization (e.g ., 
by choosing the best m itigation m easures). M ajor strength  o f the risk-based 
approach is the possibility to  com pare risks over tim e at the same location 
(e .g ., historic study o f flood risk evolution in a basin), betw een  scenarios at 
the same location (e .g ., im pact study on the construction o f pum ps) or 
betw een  locations a t the same tim e (e .g ., identifying the m ost vulnerable 
areas for a given flood event) (Vanneuville et al., 2006).

Through a review  o f the  risk m ethodology, C hapter 2 show ed tha t Flanders 
curren tly  focuses on the assessm ent o f direct, econom ic damage and hum an 
casualties. Partly due to  its small area, Flanders has succeeded to  calculate 
flood risk m aps o f all m ajor river basins and the coastal area in a uniform  way 
and at a high reso lu tion  (S x S m 2 grid). By tw o case studies, C hapter 2 fu rther 
dem onstrated  the w orking o f the risk m ethodology in tw o  different locations 
(river versus coast) from  a different research angle. W hereas the first case 
study exam ined the im pact o f planned infrastructure w orks on the Yser (i.e ., 
com paring risks betw een  scenarios), the  second dealt w ith  coastal flood risks 
on the Belgian coast (i.e ., identifying the m ost vulnerable areas). By testing 
different data sources at the same tim e (i.e ., tem poral variation in agriculture, 
m ore  detailed land use), the first case study particularly show ed the value of 
relative risk calculations. W hile absolute risk values greatly depend on the 
data tha t is em ployed, relative values (percentages) are m ore  persisten t and 
m ore  reliable to  judge risks. The risk calculations in the second case study 
show ed tha t especially O ostende is a vulnerable place tow ards coastal 
flooding, bo th  in term s o f econom ic damage and hum an casualties.

A lthough Flanders ranks am ong the best European regions regarding its flood 
risk assessment, a num ber o f im provem ents and challenges rem ain  for the 
fu ture. Possible im provem ents deal w ith  the assessm ent o f indirect, external 
econom ic damage (e .g ., p roduction  losses outside the flooded area) and the 
inclusion o f population dynamics in casualty calculations (cf. C hapter 3). The 
com ing into force o f the  European Floods D irective (FD) in 2007 has 
generated  additional challenges for the  Flemish flood risk m anagem ent.
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Am ong the m ost cited are the  quantification o f intangible effects o f flood 
hazards (e .g ., health  effects) and the inclusion o f o ther than river and sea­
borne types o f floods. W hile the FD prom otes passive com m unication o f flood 
risks (i.e ., risk m anagem ent plans should be ‘available’ to  the public), m any 
researchers plead to  go one step fu rther by organizing active flood risk 
com m unication (M ostert and Junier, 2009). Know ledge o f the  public 
perception  is regarded a vital factor to  develop effective risk com m unication 
(cf. Chapters 5 and 6).

K Q J: To what extent is coastal tourism an importantfactor in flood risk management 
o f coastal areas?

W hile C hapter 2 show ed tha t risk calculations are elaborate in Flanders, one 
particular aspect had long been overlooked on the Belgian coast, nam ely the 
presence o f tem porary  residents or tourists. Coastal tourism  is regarded as 
one o f the  fastest grow ing areas o f the  to u rism ’s industry (Haii, 2001). As far 
as flood risks are concerned, coastal tourism  can greatly influence the num ber 
o f people exposed to  such hazards (Jonkm an, 2007). In addition, tourists are 
deem ed m ore  vulnerable to  flood disasters than locals, since they are less 
independent and less familiar w ith  the environm ent and its characteristics 
(Burby and W agner, 1996; Faulkner, 2001). In C hapter 3, it was exam ined 
w hether the  inclusion o f tourism  dynamics is m eaningful and feasible in coastal 
flood risk m anagem ent. D etailed to u ris t census data w ere therefo re  applied, 
containing the daily occupancy ra te  o f the second residences on the Belgian 
coast for the period June 2007 — May 2008. Survey data was additionally 
em ployed to  assess the behaviour o f tourists in ‘ex trem e’ w eather conditions 
(i.e ., storm y w eather w ith  high w ind speed and overflow ing w ater along the 
dikes). In accordance to  previously rep o rted  storm  behaviour o f people 
(C antillon et al., 1999), it was found tha t residential tourists are ra ther 
persisten t in their holiday plans, irrespective o f sto rm  forecasting.

Based on these outcom es, it seem ed relevant to  consider the presence of 
tourists (or at least the  m ajority  o f tourists) during severe storm  conditions. 
Statistical analyses on the tou rist census data subsequently show ed clear 
seasonal fluctuations, as well as day-to-day differences due to  w eekend days 
and holidays. Average tou ris t num bers for the sum m er and w in ter half year 
served as inpu t for the  risk analysis in GIS, as w ell as a w orst-case flood 
scenario (CLIM AR W C S 2040). W hile such a flood w ould affect large parts of 
the coast, the  outcom e o f the  analysis show ed that particular a tten tion  should
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be given to  locations o f w hich the risks increase significantly w hen considering 
tem porary  residents. Hence, m unicipalities such as D e Panne and De Haan 
w ere found vulnerable touristic  places. Overall, inclusion o f tourism  dynamics 
increased the expected  casualty num ber w ith  37%  during Sum m er half year, 
and w ith  18% during W in te r half year.

The question as to  w hat ex ten t tourism  dynamics may influence risk 
m anagem ent is difficult and depends on the study area, the pursued objectives 
and data availability. The im plications for a touristic  area like the Belgian coast 
have been shown, although data restrictions lim ited the analysis. M ore 
detailed data (e .g ., varying occupancy ra te  o f second residences at the level of 
the m unicipality instead o f the en tire coast) w ould enhance the study, as well 
as m ore  accurate inform ation regarding the probability o f a sum m er versus 
w in ter storm .

Yet, regardless o f data restrictions, C hapter 3 revealed a vulnerability of 
coastal tourists which constitutes at th ree  levels: spatial (m ajority o f tourists 
reside on or near the coastline), tem poral (tourism  is susceptible to  large 
tem poral fluctuations) and behavioural (tourism  behaviour is difficult to  
predict). Above all, C hapter 3 show ed that, as far as the  Belgian coast is 
considered, residential tourists should n o t be overlooked in flood risk 
m anagem ent. G eneralizations to  o ther coastal and non-coastal areas (e.g ., 
touristic  m ountainous areas) could be m ade, though w ith  the p roper 
circum spection.

R Q J: What is the state o f the art in flood risk perception and flood risk communication 
research? Which methodologies are employed and what are the main flindings and 
shortcomings in these research fields?

It is becom ing widely acknow ledged tha t flood risk m anagem ent is shifting 
from  a prim arily objective approach to  an in tegrated  approach w ith  a tten tion  to  
social — subjective — aspects such as im proving flood preparedness and response 
(T erpstra and G utteling, 2008). These subjective aspects exhibit the  m ain 
focus o f flood risk perception  research, a relatively new  study field which 
interferes heavily w ith  flood risk com m unication.

W hile previous articles have review ed general aspects o f risk perception  and 
risk com m unication (e .g ., Fischhoff, 1995; Boholm, 1998; Bier, 2001), a 
com prehensive review  article o f risk perception  and risk com m unication in 
flood risk research was still missing. C hapter 4  addressed this lite ra tu re  gap by
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presenting an extensive review  o f em pirically based peer-rev iew ed articles on 
flood risk perception  and com m unication. To this end, a carefully considered 
search key was conducted on W eb o f Science and Scopus databases, which 
resu lted  in a set o f 57 articles from  22 d ifferent countries.

A closer look to  these articles revealed tha t m ost studies w ere produced  in 
Europe and N o rth  America, and tha t 85%  o f the studies had been published 
after 2005. Research in the  study fields o f flood risk perception  and flood risk 
com m unication is clearly grow ing. F urther analysis on the m ethodologies and 
theories applied show ed tha t the  m ajority  o f the studies refrained from  using a 
form al theory . M ost studies in risk percep tion  have an exploratory  objective, 
w hich results in heterogeneous approaches and m ethods and makes outcom es 
from  different studies difficult to  com pare. C hapter 4  suggested th ree  steps to  
tackle this issue. First, research should consider theoretical constructs tha t are 
useful to  m easure flood risk perceptions. Second, the operationalization of 
these theoretical constructs could be im proved by copying or at least by 
reflecting on previously used questionnaire item s. Third, authors should 
re p o rt all relevant inform ation regarding questionnaire item s: reliability, 
m eans, standard deviations, and correlations. Regarding flood risk 
com m unication, theoretical and em pirical research  was found to  be alm ost 
nonexisten t. W hile several studies provide recom m endations tow ards 
com m unication experts, m ost o f these recom m endations are indefinite, and 
consequently difficult to  p u t into practice. Very few  studies have explicitly 
focused on the effects o f flood risk com m unication (T erpstra et al., 2009) or 
the  theoretical background behind inform ation need and seeking intentions 
(Griffin et a l., 1999).

R(¿4: Which factors determine the public’s fo o d  risk perception in coastal areas? Does 
subjective risk assessment correspond to objective risk assessment and how is the 
geographic location linked to someone’s perception?

It is w idely held  tha t flood risks will increase significantly in the 21 st century 
in m any coastal areas w orldw ide, as a resu lt o f sea level rise and econom ic 
developm ents (D olan and W alker, 2006). Similar expectations are tru e  for 
the Belgian coast (Febbe et al., 2008). W hile several projects (e .g ., M aster 
Plan for Coastal Safety, CFIMAR) have extensively studied objective risk 
assessments on the Belgian coast, the  public percep tion  and opinion rem ain 
highly underexp lo red  (M ertens et al., 2008).
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C hapter 5 filled this research gap through an extensive survey, in which 
inhabitants and residential tourists from  th ree  m unicipalities (O ostende, 
K nokke-H eist and De Panne) w ere  asked about their opinions and view points 
on various aspects o f coastal flood risks. In addition, a variety o f personal and 
residential factors w ere m easured, as well as location, w hich was — according 
to  technical risk  assessments — divided into a high and a low  risk area 
(respectively O ostende versus K nokke-H eist and De Panne). In response to  
the suggested steps o f C hapter 4, risk perception  was m easured via scaled 
item s tha t w ere adopted  from  previous research  (T erpstra  et al., 2006). 
M ultiple regression analysis was em ployed to  te s t five hypotheses, w hich w ere 
deducted  from  the lite ra tu re  on the percep tion  o f natural hazards in general 
and flood risks in particular. In sum, the analysis revealed consistency betw een  
the e x p e rt’s risk estim ates and the public’s risk assessment, suggesting tha t the 
differences betw een  expert and lay people m ight be sm aller than often 
rep o rted  (R ow e and W right, 2001; W righ t et al., 2002). C onform  previous 
research (Lindell and Hwang, 2008; Ho et al., 2008), significant positive 
effects w ere found for age and fem ale gender. Against the expectations, 
owning a house (instead o f renting) or residing perm anently  on the coast 
(instead o f tem porary) did n o t influence risk perception  significantly, neither 
did the residential characteristics sea view, having a cellar o r residing on the 
ground floor.

The effect o f geographic location (m unicipality) was found to  be partly 
m ediated  by flood experience, though o ther — un-m easured — processes may 
influence this re la tion  m ore  strongly, such as public w orks to  coastal defences 
(beach nourish m en t).

Finally, a m arginal evidence was found for a levee effect am ong inhabitants, an 
effect tha t refers to  a false sense o f safety o f people living behind w ater 
defence structures (Tobin, 199S). W hile it was expected  tha t perm anent 
residents (inhabitants) from  O ostende w ould exhibit the  highest levels of 
perceived risk, tem porary  residents (tourists) visiting O ostende w ere found to  
have the highest risk perception . H ow ever, outcom es in C hapter 6 
convincingly countered  this resu lt. Indeed, in this study strong significant 
effects w ere m easured betw een  residing perm anently  on the coast and having 
higher levels o f flood risk  perception. W hile this ou tcom e supports the 
findings o f recen t studies in the  field (Birmingham et al., 2008; Lindell and 
Hwang, 2008), it is w o rth  scrutinizing the contradiction  betw een  C hapter 5 
and 6. O ne reason m ight be the tim e lag o f tw o  years be tw een  the tw o 
studies. It seems plausible tha t the  recen t in frastructure  w orks and m edia
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a tten tion  on the Belgian coast have particularly affected the perm anent 
residents and consequently have raised the ir risk  percep tion  levels. A second 
reason m ight be related  to  the different sample characteristics o f the  tw o 
studies. W hereas the group of tem porary  residents contained b o th  residential 
tourists and second residence ow ners in C hapter S, specific a tten tion  was 
given to  second residence ow ners in C hapter 6. Com paring the outcom es of 
bo th  chapters at this detail level is therefo re  delicate.

RQ(  5: How can the knowledge o f risk perception he informative to communication 
experts and what are the preferences and needs o f the public towards fo o d  risk 
communication?

K now ledge o f the public’s risk percep tion  is deem ed essential to  outline 
effective risk  com m unication strategies (K eller et al., 2006; Bell and Tobin,
2007). After all, one can only adjust inform ation to  the specific needs o f the 
people if he know s w hat these needs are (Renn, 2006). But w hat determ ines 
peop le’s need for inform ation, and w hat m otivates people to  seek for 
inform ation? Inform ation seeking m odels such as Griffin’s Risk Inform ation 
Seeking and Processing m odel (RISP; Griffin et al., 1999), the Fram ew ork for 
Risk Inform ation and Seeking (FRIS; te r  H uurne and G utteling, 2008) and the 
Planned Risk Inform ation Seeking M odel (PRISM; Kahlor, 2010) have 
addressed these questions. Stem m ing from  the H euristic-System atic M odel 
(HSM; Eagly and Chaiken, 1993) and the Theory o f Planned Behaviour (TPB; 
Azjen, 1991), these com m unication m odels aim at identifying various factors 
tha t stim ulate people to  seek for risk inform ation, leading to  b e tte r  risk- 
avoiding behaviour. They regard  inform ation insufficiency (or inform ation 
need) as the key factor tha t m otivates people to  seek for and process risk- 
re la ted  inform ation, though several o ther factors (including risk perception) 
have been proposed and tested , as w ell as their interrelations. H ow ever, little  
em pirical support exists o f these m odels. In addition, the com plexity o f these 
m odels hinders clear m ediation  analyses (Kahlor, 2010).

In response to  this, C hapter 6 exam ind the relationships betw een  inform ation 
seeking behaviour and its m ain determ inants in the con tex t o f coastal flood 
risks. Particular a tten tion  was given to  the  often suggested m ediating 
relationship o f inform ation need and to  the effects o f residing perm anently  in a 
flood-prone area or no t. Data was collected th rough an on-line questionnaire 
in the  city o f O ostende, w hich was found a vulnerable location on the Belgian 
coast in previous chapters (cf. 2, 3 and 5). In support o f previous research
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(Kievik and G utteling, 2011), path  analysis revealed significant d irect effects 
o f inform ation efficacy on seeking behaviour, w hich signified people exhibit 
stronger seeking in tentions if they believe the inform ation is useful to  them . 
The analysis fu rther show ed tha t perm anen t and older residents tend  to  have 
stronger in tentions to  seek for risk-related  inform ation than tem porary  and 
younger residents. In contrast to  the m odels o f Griffin et al. (2008) and te r 
H uurne and G utteling (2008), yet in support o f Kahlor (2010), no m ediating 
effects w ere  found for inform ation need on seeking behaviour. This outcom e 
signaled the im portance o f investigating in active flood risk com m unication, 
since high inform ation need levels am ong the public (92% ) are n o t necessarily 
the herald o f increased seeking behaviour. Full m ediation effects o f risk 
perception  and perceived hazard know ledge betw een  perm anen t residence 
and inform ation seeking behaviour fu rther indicated tha t com m unication 
campaigns should focus on raising aw areness and know ledge about coastal 
flood risks, giving specific a tten tion  to  tem porary  residents.

Am ong o ther findings, a supplem entary descriptive analysis (A ddendum , 
C hapter 6) revealed tha t b o th  general and specific (personal) risk inform ation 
is appreciated, w hich again po in t to  a general shortage in flood risk 
inform ation (Visschers et al., 2007).

7.2 Critical re f lec t ions  and  a v e n u es  fo r  f u r th e r  r e s e a rc h

W hile a specific discussion is provided after each chapter (except for Chapters 
1 and 2), this section aims at discussing a num ber o f general and covering 
aspects o f the dissertation, ranging from  collecting data and examining 
m ediation and causality to  the  value o f qualitative research and the difficulty of 
integrating objective and subjective risk assessm ent. Avenues for fu rther 
research are discussed w here appropriate.

7 .2 .1 Data collection

Collecting data is a crucial aspect o f research. In this dissertation, different 
types o f data have been used. H ere, w e discuss some general problem s 
regarding data collection tha t w ere  encountered  in this dissertation.

In Chapters 2 and 3 (focus on technical, objective risk assessm ent), it was a 
m a tte r to  bring together various data sets, such as land use maps, socio­
econom ic data, flood m aps, etc. G eographic inform ation systems w ere used to
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calculate econom ic and casualty data risks. W hile in C hapter 2, risk analyses 
w ere perfo rm ed  on existing data layers (collected by Flanders Hydraulics 
Research), in C hapter 3 external data was added to  the  risk calculations (i.e ., 
occupation rates o f second residences and tou ris t num bers; personally 
collected survey data). It should be underlined tha t technical risk  assessments 
are principally subject to  data restrictions (Apel et al., 2009; M erz et al.,
2010). D evelopm ents in the  risk m ethodology are therefore  data driven, 
w hich m eans tha t new  data generally produces refinem ents or extensions to  
the m ethodology. The availability o f tourist-re la ted  inform ation allow ed the 
exam ination o f this particular aspect o f coastal flood risks. H ow ever, m ore  
detailed inform ation on tou ris t num bers (both  in term s o f space and tim e) 
w ould possibly resu lt in even b e tte r  insights in the  re la tion  betw een  tourism  
dynamics and risk calculations. M obile positioning data (obtained via GPS and 
m obile phones) m ight be prom ising in this regard  (Ahas et al., 2008). Data 
restrictions also account for the  difficulty to  consider intangible effects o f 
flood risks (e.g ., health  effects, loss o f cultural heritage, e tc .) w hich is 
dem anded by the European Floods D irective (M ostert and Junier, 2009).

The study o f social — subjective — risk assessm ent in Chapters 5 and 6 im plied 
individual data w hich is preferably collected th rough  surveys. Bird (2009) 
distinguished a m u ltitude  o f survey types, depending on the approach 
(quantitative, qualitative, m ixed-m ethod), types o f questions (classification, 
behavioural, know ledge, percep tion  and feeling, the  m ode o f d istribution 
(self-adm inistered, such as mail and email, o r adm inistered, such as telephone 
and face-to-face interview s) and the sampling technique (probability o r n o n ­
probability). Choosing the best survey type mainly depends on the research 
question. In our research, it was in tended to  analyse quantitative data from  a 
large sample in o rder to  get significant generalizable results. Self-adm inistered 
surveys, such as mail questionnaires are appropriate in this regard  (Lindell and 
Perry, 2000).

H ow ever, a num ber o f m ethodological issues may th rea ten  the validity of 
survey results. H ere w e discuss ta rget population, non-response and sample 
representativeness. As m entioned  before, the target population in this 
dissertation was n o t lim ited to  inhabitants o f the coastal area, b u t also included 
tem porary  residents and tourists w ho have spent at least one n ight on the 
Belgian coast (residential tourists). W hile the d istribution m ethod  o f random  
post-boxes seem ed appropriate to  reach inhabitants and tem porary  residents 
w ho ow n a dwelling on the Belgian coast (second hom eow ners), it was less 
suited to  attain  those tourists w ho re n t their dwellings for short periods, since
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they generally have no access to  post-boxes (and even if they had access, m ost 
tourists w ould n o t expect to  receive post). This issue o f reaching ‘rea l’ 
tourists (those w ho ren t) was partly  tackled in the first survey (cf. C hapter S) 
by handing ou t questionnaires to  people in the street. In this regard, face-to- 
face interview s or focus groups could have been  m ore  efficient to  reach this 
particular group. T hen again, these intensive survey m ethods are m ore  suited 
for retrieving qualitative inform ation. W e will revisit this issue fu rther in this 
section.

A second issue concerns non-response. People w ho did n o t fill in the 
questionnaire m ay had inform ative reasons n o t to  do so (G rothm ann and 
Reusswig, 2006). It is very difficult to  consider this group. O th er survey types 
such as face-to-face interview s could reduce this bias, since the interview er 
can probe into the reason behind the re sp o n d en t’s decline. Lindell and Perry  
(2000) have discussed this issue in the fram ew ork o f peop le’s perceptions 
tow ards earthquake hazards. They rep o rted  tha t non-response m ight m ake the 
sam ple’s representativeness uncertain, particularly in samples w ith  low  
response rates. W hile the m ail questionnaire (cf. C hapter S) resu lted  in a 
m odera te  response ra te  o f 20 .6  %, the on-line questionnaire (cf. C hapter 6) 
yielded a low  response percentage o f 6.3 %. A lthough In ternet penetra tion  is 
increasing in Belgium (67 % in 2010), it still seems insufficient to  attain  a 
large response rate . R em inders could have increased the response, though 
their effect is often  lim ited (T erpstra, 2010).

In addition, evaluating the sample representativeness constitutes a difficult 
job, since actual data o f the target population is often n o t available. For 
instance, no detailed inform ation was available to  te s t the  representativeness 
o f the tem porary  residents (tourists). Based on tourism  data (G unst et al.,
2008), the  ratio  o f perm anen t and tem porary  residents seem ed to  m atch the 
real situation. The representativeness o f o ther variables (e.g ., age, gender, 
education) could be tested  using the data o f the Socio-Econom ic Survey 
(SEE2001). As far as the group o f inhabitants is concerned, the samples of 
b o th  surveys w ere slightly biased tow ard  o lder m en  and high-educated people. 
As T erpstra  (2010) indicates, such biases may resu lt in only small n e t effects in 
the statistical analyses if the sam pled groups are equally biased. The samples in 
Chapters 5 and 6 seem to  fall under this statem ent.
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7.2.2 Mediation and causality

The lite ra tu re  rev iew  in C hapter 4  show ed tha t m ediation analyses are 
im portan t to  understand the relations betw een  variables and to  advance 
theories. A m ediation  m odel is one tha t a ttem pts to  identify and elucidate the 
m echanism  tha t underlies an observed relationship betw een  an independent 
variable and a dependent variable via the inclusion o f a th ird  explanatory 
variable, know n as a m ed iato r variable (Baron and Kenny, 1986).

Chapters 5 and 6 bo th  tested  m ediating relationships. In C hapter S, a m ultip le 
m ediation  m odel was proposed w ith  location as independent variable, risk 
perception  as dependent variable and personal experience w ith  storm  surges 
a n d /o r  (coastal) floods as m ediator variable. In C hapter 6, single m ediation 
was em ployed w ith  inform ation need  as m ed ia to r variable be tw een  
inform ation seeking behaviour and risk  perception  and betw een  inform ation 
seeking behaviour and perceived hazard know ledge. In addition, m ultip le 
m ediation  was exam ined w ith  risk perception, perceived hazard know ledge 
and inform ation need as m ediators betw een  individual characteristics and 
inform ation seeking behaviour. The com bination o f this single and m ultip le 
m ediation  led to  a sequential m ediation  m odel (M acK innon et al. , 2002).

In response to  the different m ediation com plexity in Chapters 5 and 6, tw o 
different analysis m ethods w ere em ployed. In C hapter S, bootstrapping was 
perform ed through the use o f an SPSS m acro, which is developed by Preacher 
and Hayes (2008) and is available on the in te rn e t free o f charge ( ‘ind irect.sps’ 
a t w w w .afhayes.com ). B ootstrapping is a relatively new  b u t prom ising 
m ethod  in social science research. Through extensive sets o f simulations, 
M acKinnon et al. (2002) show ed that bootstrapping perform s b e tte r  than 
o ther popular m ethods, such as the Sobel te s t (Sobel, 1982) or the  causal steps 
approach (Baron and Kenny, 1986), on the grounds tha t the  fo rm er has higher 
pow er while m aintaining reasonable contro l over the Type I e rro r ra te . In 
addition, bootstrapping does n o t im pose the assum ption o f norm ality  o f the 
sampling distribution, w hich makes the m ethod  extrem ely  useful for smaller 
samples as well. C hapter 5 show ed tha t bootstrapping is an attractive m ethod  
for fu tu re  research  in percep tion  research  and social science.

H ow ever, the com plex sequential m ediation  m odel in C hapter 6 dem anded 
the use o f o ther techniques than bootstrapping. Previous studies in flood risk 
research have m ainly em ployed Structural Equation M odelling (SEM) softw are 
such as LISREL (Griffin et al., 2004; Zaalberg et al., 2009) and AM OS (ter 
H uurne and G utteling, 2008; Kahlor, 2010; T rum bo, 2002) to  unravel such
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relationships. Because o f the ir g reater flexibility in m odel specification and 
estim ation options, Preacher and Hayes (2008) recom m end to  use Structural 
Equation M odelling (SEM) to  estim ate m ediation m odels. SEM explicitly 
m odels m easurem ent erro r, w hich enables the  testing o f hypotheses using 
la ten t (i.e ., unm easured) constructs ra ther than im perfect m easured variables. 
A m ajor disadvantage o f SEM is tha t it dem ands very large samples to  w ork  
properly  (Kline, 200S). C hapter 6 m e t this issue by identifying la ten t variables 
(e .g ., risk perception, inform ation seeking behaviour) th rough a prelim inary 
factor analysis in SPSS, follow ed by a path  analysis using LISREL in 
com bination w ith  PRELIS (for correlations and standard deviation m atrices). 
A lthough this approach is w idely accepted, it m ight definitely be interesting 
for fu tu re  research to  perform  full SEM on larger samples (o f 1,000 cases and 
m ore).

W hile m ediation  m odels are a consistent approach to  reveal d irect and 
indirect effects betw een  variables, a specific issue concerns the impossibility of 
testing causality. H ow ever, this issue is mainly caused by the use o f cross- 
sectional data (i.e ., data collected by observing m any subjects — such as 
individuals — at the  same po in t o f tim e). Establishing causality requires 
evidence o f tem poral ordering (i.e ., w hether, if tw o variables are correlated, 
A caused B or vice versa), w hich is im possible to  identify w ith  cross-sectional 
data (Lindell and Hwang, 2008). As denoted in C hapter 4, a solution to  this 
w ould be to  em ploy an experim ental or longitudinal design, in w hich data is 
collected at m ultip le points in tim e. Such research  designs are very useful to  
exam ine the effects o f risk com m unication and evaluate various 
com m unication form ats and strategies (T erpstra et al., 2009).

7.2.3 Value of qualitative research

Since Fischhoff and Slovic in troduced  risk perception  as a quantifiable concept 
in their psychom etric paradigm  (Fischhoff et al., 1978; Slovic, 1987), 
quantitative studies have em erged rapidly in the  study field a t the expense of 
qualitative m ethods. W hile b o th  m ethods have their strengths, quantitative 
m ethods are now  clearly the  m ost popular in risk percep tion  research (e.g ., 
G ro thm ann and Reusswig, 2006; Siegrist and Gutscher, 2008; T erpstra  et al., 
2009; Zaalberg et al., 2009). Q uantitative data is appropriate to  reveal general 
trends, uncover correlations and perform  significance tests. H ow ever, 
quantitative data contains lim ited con tex t inform ation, w hich m akes it difficult 
to  in te rp re t it a t the individual level. The strength  o f qualitative research is the
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possibility to  explore individual preferences and opinions w ith  as m uch 
con tex t as needed. As such, qualitative data perm its to  grasp the various 
factors tha t influence a vague construct such as risk percep tion  (Trum bo, 
2002 ).

W hile the surveys in this dissertation m ainly collected quantitative 
inform ation, qualitative inform ation has also been gathered through the use of 
several open questions. In C hapter 6, for exam ple, open questions w ere used 
to  uncover the  reasons why people declined fu tu re  flood risk inform ation. In 
the  first survey (C hapter S), respondents had the opportun ity  to  freely w rite  
dow n any o f their concerns regarding all possible aspects o f coastal defence, 
flood risks, the m anagem ent, o r the perception  research itself. A bout 22%  of 
the respondents took  the opportun ity  to  ventilate their concerns and 
view points. It was apparent tha t the sto rm  surge o f 19S3 was m entioned  quite 
often, while there  was absolutely no reference to  this event in the 
questionnaire. A 77-year-old m an described:

‘We hare had enormous experience with the ßood  in Oostende [1953], We 
were in the middle o f it, we lived near the dike [ . . .] .  Horrible. We will never 

forget that. ’

‘Before 1953, the [seajwater reached the houses on a regular basis. The haii 
and cellar got frequently fooded. 1 have canoed on the market [o f Oostende]! 
My car was fooded. ’ (female, 84 years old)

Obviously, such qualitative inform ation is n o t appropriate to  generalize n o r to  
m ake conclusions for the en tire  population. Yet, they clearly provide extra 
contex t-re lated  inform ation to  the findings o f the  quantitative analyses. In this 
case, they show  the relevance o f the storm  surge o f 1953 as a significant event 
tha t lasts as a strong m em ory  am ong m any (older) individuals. O ther 
com m ents o f respondents concerned the coastal defence, and particularly the 
technique o f beach nourishm ent (also referred  to  as beach feeding or beach 
recharging).

‘It seems to me that beach nourishment is a temporary solution, which needs to 
be repeated too often. ’ (female, 51 years old)

‘It is no use to rely on beach nourishment; the recharge material is already 
disappeared after one severe storm. ’ (female, 60 years old)

These com m ents on the usefulness o f beach nourishm ent provide a valuable 
background, since they prove a certain  overestim ation o f know ledge. People
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think they know  w hat the  technique is, though their answ er shows the 
opposite. Q uantitative analysis alone cannot reveal such inform ation.

Finally, a group o f com m ents concerned the vulnerability o f cellars. A lthough 
it was n o t asked specifically in the questionnaire, tw o respondents expressed 
their concern about the flooding o f (non-)private cellars:

‘The biggest risk is located in the cellars o f the flats. Cellars often contain 
electricity supplies, which also run the heating system ...’ (male, 54 years 
old)

‘After the fo o d s  o f 1953 we had left our apartment at the park [located in the 
centre o f Oostende], and began to build a new f a t  on the explicit condition 
that no cellar would be installed. ’ (male, 72 years old)

Thus, while quantitative analyses revealed no significant results for factors of 
cellar possession (cf. C hapter 5), som e people do recognize the problem  of 
having a cellar.

The above citations are n o t in tended to  provide a com plete discussion on the 
qualitative outcom es o f our surveys, b u t ra ther they dem onstrate  the 
additional inform ation tha t can be obtained from  such inform ation. Instead of 
mail questionnaires, qualitative data w ould  be preferably collected th rough 
o ther survey m ethods such as in terview  or focus groups. Analysis techniques 
such as con ten t analysis w ould  then  be appropriate to  deduct inform ation 
from  the data (D riedger, 2007). Since quantitative and qualitative b o th  have 
their strengths and weaknesses, several researchers have suggested to  em ploy 
a m ixed-m ethod  approach w hich com bines the best o f b o th  w orlds (Kwan and 
Ding, 2008). Such a m ixed-m ethod  approach m ight therefore  be a prom ising 
technique for fu tu re  research in the field.

7.2.4 Integrating objective and subjective risk assessm ent

W hile objective and subjective risk assessments o f coastal flood risks w ere the 
focus o f this dissertation, an in tegration  o f bo th  approaches has n o t been 
discussed so far.

Let us first consider w hat is understood  by ‘in teg ra tion’. As denoted  in the 
In troduction  o f this dissertation (cf. p. 8), an in tegrated  approach should 
strive to  bring together the opinion and view points o f experts and decision­
m akers, as w ell as local stakeholders and the public (Brilly and Polic, 2005). 
R enn (2004) stated tha t ‘w hat is really needed is m utual enhancem ent
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betw een  technical risk assessm ent and intuitive risk  perception . Risk policy 
should neither be purely science-based n o r purely  value-based.’ The 
integration  o f opinions and view points should preferably be realized in bo th  
directions, since experts and lay people can learn from  each o ther (Kaiser et 
al., 2004; Renn, 200S). Hence, the  end goals o f such in tegrated  approach are 
public participation and stakeholder involvem ent (Renn, 1998).

H ow ever, integrating ex p erts’ estim ations and lay peop le’s perceptions is 
certainly n o t a piece o f eake. Several difficulties have been identified and 
described in previous research. Figueiredo et al. (2009), for example, 
describes issues regarding language and beliefs. The language used by 
specialists differs substantially from  tha t o f the lay public. W hereas specialists 
base their risk  assessm ent and m anagem ent on the quantification of 
probabilities and consequences, the general public em ploys a w ide range of 
factors resulting from  presupposition  and subjective approaches. C ontroversy 
arises since neither the messages from  specialists to  the public, n o r the 
messages from  the public to  the specialists are fully understood . In addition, 
technicians and scientists often have the belief tha t the  public is void of 
practical value in the  risk analysis and decision-m aking (Bickerstaff, 2004). 
Klinke and R enn (2002) rep o rted  tha t m any technical experts contend the 
inclusion o f lay perspectives in risk m anagem ent, since public perceptions are 
susceptible to  sensational press coverage and intuitive biases. They fu rther 
stated that ‘ignorance or m isperceptions should n o t govern the priorities of 
risk m anagem ent’ .

A part from  the difficulties in integrating objective and subjective approaches, 
public participation is n o t a panacea, n o r is stakeholder involvem ent. Milligan 
et al. (2009) describes a num ber o f pitfalls, such as involving m ultip le 
view points w ithou t focussing too  m uch on individual and personal biases. 
Hence, it is extrem ely  difficult to  balance the in terests o f m ultip le 
stakeholders. In addition, it m ight be a challenge to  find the appropriate 
stakeholders and n o t excluding im portan t ones. Fletcher (2003) from  his side 
states that public participation or stakeholder involvem ent m ight underm ine 
represen tative dem ocracy and lengthen proceedings beyond the tim e scale of 
funding.

D espite the difficulties and pitfalls, m any researchers recognize the potential 
o f participation program s to  enhance the relationships betw een  the different 
parties. It will obviously be a key challenge for fu tu re  research to  scrutinize 
the usefulness o f such approaches and to  realize a profound  entw ining o f the
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diverse opinions, desires and view points from  the experts and the various 
stakeholders.

7.3 Policy implications and challenges

The study and m anagem ent o f flood risk is a topical subject in Flanders. 
Previous flood hazards in river catchm ents have strengthened the 
understanding am ong policy m akers tha t risk m itigating m easures are 
essential. W ith  respect to  the Belgian coast, recen t projects have 
dem onstrated  weaknesses o f the coastal defence against a m ajor storm  surge. 
The expected  developm ents o f the  sea level rise and the urbanization ra te  are 
regarded to  fu rther increase coastal flood risks, if no action is undertaken  in 
the fu ture. W hile policy m akers seem to  realize the  necessity to  investigate in 
an im proved coastal defence, an im portan t stakeholder rem ains underexposed 
in this story: the public. Yet, policy can only rely on public support if the 
population is sufficiently inform ed about the rationale o f the choices tha t are 
being m ade (M ertens et al., 2008). Flence, public awareness and 
understanding is indispensable to  consolidate technical m easures (e .g ., raising 
dimes, constructing new  seawalls, com pleting beach nourishm ents, etc.). 
W hile the EU Floods D irective im poses the m em ber states to  produce flood 
risk m anagem ent plans and to  m ake them  available to  the public, 
com m itm ents regarding active flood risk com m unication and public 
participation are still lacking. R ecent European projects, such as COM RISK 
and SafeCoast have underlined the im portance o f com m unicating flood risks. 
The on-going CRUE-ERA NET funding initiative stim ulates research tow ards 
social aspects o f flood hazards, such as risk perception, awareness, resilience 
and vulnerability (w w w .cru e -e ran e t.n e t). To date, how ever, policy m akers 
have n o t yet been  m oved to  im plem ent stringent regulations or obligations in 
this regard.

This dissertation clearly dem onstrated  a general request am ong the residents 
o f the  Belgian coast for being inform ed about coastal flood risks and how  they 
are m anaged. W hereas the  study in C hapter 6 focused on the residents from  
O ostende, the on-line survey was available to  perm anen t and tem porary  
residents from  the en tire Belgian coast.7 D escriptive analysis on the com plete 
sample (N  =  826) revealed high percentages o f inform ation need in o ther

7 T h e  su rvey  m e th o d  (o n -lin e  q u es tio n n a ire )  a llo w ed  ev e ry o n e  w h o  w as in te re s te d  in  th e  

re sea rch  to  fill o u t  th e  q u es tio n n a ire . T h e  su rvey  w as m ad e  k n o w ab le  in  o th e r  coastal 

m u n ic ip a litie s  th ro u g h  th e ir  w eb s ite s  and  d ig ita l n ew s le tte rs .
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coastal m unicipalities as w ell (approxim ately 90% ). Hence, it seems justified 
to  say tha t the m ajority  o f the coastal population  is dem anding party  for m ore  
inform ation on coastal flood risks.

D espite the public’s in terest in flood risk inform ation, policy m akers w ill face 
a num ber o f challenges to  successfully com m unicate about these risks. It is 
w orthw hile to  deepen th ree  m ajor challenges here: (i) the con ten t o f the 
message, (ii) the m essage channel, and (iii) the audience. The first challenge 
deals w ith  the risk message. W hich inform ation should be sent to  the  citizen: 
general inform ation or specific (local) inform ation? From  C hapter 6, it seems 
tha t the public is in terested  in any kind o f inform ation, w hether general (e.g ., 
actual safety level, consequences o f coastal flood hazards) o r specific 
inform ation (e .g ., inform ation on personal m easures, instructions regarding 
evacuation, e tc .). It has been discussed previously tha t this could po in t to  a 
general shortage in flood risk inform ation. Yet, this certainly does n o t m ean 
tha t any kind o f inform ation is usable to  com m unicate about flood risks. 
W rong-sta ted  inform ation m ight lead to  m isconceptions w hich consequently 
m ight upset or even frighten people (Visschers et al. , 2009).

The second challenge refers to  the channels o f risk com m unication. W hereas 
previously TV and new spapers w ere the p rom inen t channels for risk-related  
inform ation, In ternet is becom ing m ore  and m ore  assigned as the m ost 
im portan t source o f inform ation in the future, n ex t to  TV and brochures. 
H ow ever, as Smith and Petley (2009) acknowledge, the  g row th  o f on-line 
sources o f inform ation has com plicated m atters fu rther. Smith and Petley 
particularly question the quality o f the inform ation available on the Internet, 
w hich may reinforce m isconceptions. Furtherm ore, the In ternet dem ands 
active inform ation seeking behaviour o f the public, w hereas TV and brochures 
are ‘passive’ sources for inform ation dissem ination. Then again, the In ternet 
allows bidirectional com m unication (e .g ., th rough interactive websites), 
w hich has been widely acknow ledged to  be m ore  effective than one-way 
com m unication (H öppner et al., 2010). In Belgium, inform ation regarding 
coastal safety is curren tly  available on the In ternet via the  w ebsite o f the 
Agency for M aritim e and Coastal Services, though it concerns several expert 
repo rts  which are difficult to  read by the public. A website, specifically 
designed for inform ation dissem ination regarding coastal safety, w ith  clear 
tex ts and illustrative figures and anim ations, is still lacking.

Finally, the th ird  challenge deals w ith  the heterogeneity  o f the audience. In 
this regard, C hapter S revealed tha t risk perception  differs according to  age, 
gender, and previous flood experiences. A ccording to  the theory, the
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know ledge o f the  public’s risk perception  allows adjusting inform ation 
dissem ination to  the  needs and the preferences o f the public (Renn, 200S; 
Keller et al., 2006). In practice, how ever, it is im possible to  m ee t everyone’s 
needs, since one should then  com m unicate at the individual level. 
N evertheless, at an aggregated level, the know ledge o f risk percep tion  
provides elem ents tha t are useful to  develop m ore  effective com m unication 
strategies. For instance, com m unication experts should explicitly distinguish 
betw een  the concerns o f the elderly and the in terest o f the young adults, 
ffistorical m aterial, such as the  19S3 storm  surge, may stim ulate (forgotten) 
experiences am ong the elderly and m ay trigger risk awareness am ong the 
younger people. Obviously, a clear sketch o f the  circum stances w ould be 
im perative in such case, since the con tex t has been changed drastically since 
then. Therefore, sim ulations under p resen t o r fu tu re  conditions could be very 
effective (Zaalberg et al., 2009). An additional challenge concerns risk 
com m unication to  tem porary  residents o f the  Belgian coast. A lthough they 
express similar in terests for being inform ed about coastal safety, they are 
m uch m ore  difficult to  reach. M oreover, it will be highly delicate to  inform  
this group in a way tha t advances risk m anagem ent w ithou t harm ing the 
in terests o f the  tourism  industry on the Belgian coast.
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8 G E N E R A L  C O N C L U S I O N

W orldw ide, coastal flood risks are receiving increasing a tten tion . R ecent 
hazards, such as hurricane Katrina (N ew  O rleans, 200S), cyclone Sidr 
(Bangladesh, 2007) and storm  Xynthia (French coast, 2010) have 
dem onstrated  the fateful potential o f coastal floods. Expectations regarding 
clim ate change (sea level rise) and econom ic developm ent (coastal 
urbanization) fu rther underline the need to  study these risks.

W hile flood risks have been predom inantly  approached from  a technical, 
objective perspective, recen t years have w itnessed a grow ing concern  to  
consider subjective aspects o f these risks as well. This dissertation exam ined 
bo th  approaches th rough  lite ra tu re  review s and analyses. Study area 
th roughou t the research was the Belgian coast, w hich is on the verge of 
im proving its defence structures to  assure p ro tec tion  against fu tu re  storm  
surges.

T hrough application o f geographic inform ation systems, it was firstly shown 
tha t flood risks on the Belgian coast are n o t negligible, neither in term s of 
damage, n o r in te rm s o f hum an casualties. P rofound analysis on tourism  
dynamics and tou ris t behaviour fu rther show ed tha t cu rren t casualty risks may 
be significantly under estim ated. Tourists are considered to  be particularly 
vulnerable to  storm  surges since they generally reside closer to  the  coastline 
than inhabitants, fluctuate in num bers according to  season and holidays and 
are less familiar w ith  the con tex t o f coastal defence and flood risks. Based on 
these outcom es, residential tourists w ere explicitly considered in the 
rem ainder o f the dissertation, together w ith  coastal inhabitants. In this part o f 
the  thesis, a tten tion  was given to  the public percep tion  and com m unication of 
coastal flood risks. To this end, tw o extensive surveys w ere organized on the 
Belgian coast. The first survey probed  into the inhabitant’s and to u ris t’s 
perception  o f coastal flood risks a t th ree  locations: O ostende and Knokke- 
H eist and D e Panne. Through regression and m ediation  analysis, the  level o f 
perceived risk  tended  to  be higher for o lder respondents, w om en, and people 
w ith  flood experience. The second survey focused on the public’s preferences, 
needs and behaviour regarding flood risk inform ation. Path analysis was 
em ployed to  te s t relationships betw een  various pred ictors o f inform ation 
seeking behaviour. Previous inform ation seeking m odels provided the 
fram ew ork for these analyses. The analysis show ed that risk perception  and 
perceived hazard know ledge are higher for perm anen t than tem porary
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residents, leading to  increased inform ation seeking behaviour am ong the 
fo rm er group. In addition, descriptive analysis show ed tha t an overw helm ing 
m ajority  o f the respondents is dem anding party for receiving m ore  
inform ation on coastal flood risks. G eneral inform ation at regular tim e 
intervals was p referred  m ost, although specific inform ation regarding personal 
m easures and evacuation procedures w ould also in te rest m any people. 
Regarding com m unication channel, the  In ternet, television and brochures 
w ere p re fe rred  to  radio, new spapers and neighbourhood m eetings.

In sum, this dissertation bundles research tha t m ethodologically and 
em pirically contributes to  the analysis, perception  and com m unication of 
coastal flood risks. G eographic inform ation systems w ere applied to  conduct 
objective risk assessments, whereas regression and path  analyses w ere found 
appropriate to  exam ine subjective risk assessments. D ifferent data sets w ere 
em ployed, from  tourism  data (WES, research and consultancy office o f W est- 
Flanders) to  various survey data regarding tou ris t behaviour, risk perception, 
inform ation need, etc. This dissertation dem onstrated  tha t the study of 
peop le’s perspective on flood risks is useful to  anticipate the public’s 
preferences, needs and concerns and tha t m ore  a tten tion  should be given to  
subjective risk  assessm ent in flood risk m anagem ent. M oreover, the findings 
in this thesis suggest there  is public support for m ore  risk com m unication in 
coastal areas. A lthough m ost people do n o t often give flood risks on the 
Belgian coast a m o m en t o f thought, a m ajority  recognizes the fateful potential 
o f a storm  surge.

These findings suggest tha t policy m akers should legitim ize flood risk 
com m unication in the  coastal area. The concern o f frightening people w ith 
risk inform ation seems unw arranted , on condition  tha t the inform ation is 
carefully contextualized. Future research should therefore focus on the 
effectiveness o f various flood risk com m unication strategies. H ow  do people 
process this inform ation and how  does this inform ation affect their awareness 
and behaviour? Such research  should be realized preferably th rough 
longitudinal or experim ental studies, in o rder to  enable causality testing. In 
addition, fu tu re  w ork  could focus on the feasibility and effectiveness of 
possible personal m easures and response behaviour to  fu rther m itigate flood 
risks (e .g ., m oving heating boiler to  a higher floor, assembling an em ergency 
kit, collecting inform ation about evacuation rou tes and safe locations, e tc .).

The Belgian coast is about to  change in the upcom ing years. It will be a case to  
take a pro-active and anticipating attitude  tow ards the public so to  inform  
them  properly, foster discussion and create an optim al clim ate for solutions
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General conclusion

tha t are bo th  feasible and acceptable. Key challenge, how ever, will be to  
address bo th  perm anen t and tem porary  residents while considering the 
in terests and concerns o f o ther stakeholders in the coastal area.
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W ereldw ijd  zijn kustgebieden onderhevig aan snel toenem ende urbanisatie en 
tai van econom ische ontw ikkelingen. R ecente ram pen  hebben echter de 
kw etsbaarheid van deze kustgebieden aangetoond (cfr. N ew  O rleans na 
orkaan Katrina in 2005; Bangladesh na cycloon Sidr in 2007; Franse kust na 
storm  Xynthia in 2010). De voorspellingen m e t betrekking to t  de 
k lim aatverandering en de zeespiegelstijging dragen bij to t  de groeiende 
bezorgdheid o m tren t de bescherm ing van kustgebieden tegen  overstrom ingen 
vanuit zee. O ok de Vlaamse regering schenkt sedert enkele jaren  
(hernieuw de) aandacht aan de bescherm ing van de Belgische kust tegen  een 
storm vloed. Daarbij w o rd t een  risicobenadering gevolgd, waarbij n ie t alleen 
getracht w o rd t om  de kans op een overstrom ing vanuit zee klein te  houden, 
m aar waarbij ook rekening w o rd t gehouden m e t de m ogelijke gevolgen 
(schade en slachtoffers) die een dergelijke overstrom ing kan tew eegbrengen. 
O p verscheidene plaatsen (bv. in O ostende) is m en  reeds gestart m e t he t 
nem en  van m aatregelen, w aaronder badstrandverhoging. In de kom ende jaren  
zullen nog andere m aatregelen volgen, zoals h e t plaatsen van (storm )m uurtjes 
(M ertens et al., 2010).

H oew el de technische benadering van risico (kansen x gevolgen) een objectief 
en kw antitatief beeld geeft van de risico’s, zijn verschillende onderzoekers 
ervan overtuigd dat een dergelijke benadering alleen n ie t voldoende is om 
onderbouw de beleidsbeslissingen te  m aken. M et nam e voor h e t optim aliseren 
van risicocom m unicatie alsook h e t w innen van h e t publieke vertrouw en  is he t 
van belang om  ook de subjectieve benadering van risico ’s in acht te  nem en. 
Deze benadering trach t de perceptie, voorkeuren  en noden  van h e t publiek te  
m eten  en te  analyseren (Slovic et al., 2004). Vanuit he t overstrom ingsbeleid 
g roeit een steeds sterker w ordende vraag om  beide risicobenaderingen te  
in tegreren . In dat verband heeft verkennend onderzoek in h e t verleden 
(COM RISK pro ject - Kaiser et a l., 2004) reeds aangetoond dat de Belgische 
kust, w at inform atieverstrekking van de kustverdediging en bew ustm aking van 
de risico’s betreft, achterop h ink t ten  opzichte van andere landen aan de 
N oordzee (G root-B rittannië, Duitsland, D enem arken en  N ederland).

D it proefschrift rich t zich op de objectieve (technische) en subjectieve 
(perceptie) risicobeoordeling van overstrom ingsrisico’s aan de Belgische kust. 
H et beoogt zowel een overzicht te  geven van de stand van zaken binnen beide 
risicobenaderingen (doelstelling 1), ais een m ethodologische en em pirische
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bijdrage te  leveren aan h e t onderzoeksveld van overstrom ingsrisico’s 
(doelstelling 2). H et wil daarnaast elem enten  aanreiken voor een efficiënt 
com m unicatiebeleid ten  aanzien van deze risico’s (doelstelling 3).

H et proefschrift b ied t in h e t bijzonder an tw oord  op een vijftal
onderzoeksvragen, die voortv loeien  u it de drie bovenstaande doelstellingen.

1: Wat is de stand van zaken binnen de Vlaamse risicomethodologie met 
betrekking tot overstromingsbeheer en wat zijn de uitdagingen voor de (nabije) 
toekomst?

2: In hoeverre is het in rekening brengen van toerisme een belangrijke factor in 
het beheer van overstromingsrisico’s in kustgebieden?

3: Wat is de stand van zaken in het onderzoek naar de publieke perceptie en 
communicatie van overstromingsrisico’s? Welke methodes worden gebruikt en 
wat zijn de voornaamste bevindingen en tekortkomingen in deze 
onderzoeksdomeinen?

4: Welke factoren bepalen de publieke perceptie van overstromingsrisico’s in 
kustgebieden? Komen deze subjectieve risicobeoordelingen overeen met de 
objectieve (technische), en hoe is de geografische locatie gelinkt aan iemands 
perceptie?

5: Hoe kan de kennis van risicoperceptie bruikbaar zijn voor communicatie 
experts en wat zijn de voorkeuren en behoeftes van het publiek inzake 
communicatie van overstromingsrisico’s?

De hoofdstukken 2 — 6 van dit proefschrift stellen telkens één van 
bovenstaande onderzoeksvragen centraal.

In hoofdstuk 2 (Keilens et al., 2011a) w o rd t een overzicht geschetst van de 
stand van zaken in h e t overstrom ingsbeheer in V laanderen (onderzoeksvraag 1). 
Er w o rd t aangetoond dat h e t beleid de voorbije tien  jaar tijd is overgeschakeld 
van een ‘bescherm ing tegen  w a te r’ naar een  ‘bescherm ing tegen  schade’, m e t 
nam e door overstrom ingsrisico’s (kansen en gevolgen) in kaart te  brengen. De 
Vlaamse m ethodologie m aakt daarbij gebruik van geografische 
inform atiesystem en (GIS) om  verschillende geografische
(overstrom ingskaarten, landgebruik, bevolkings-gegevens, e tc .) en niet- 
geografische (econom ische w aarde) datasets aan elkaar te  koppelen 
(Vanneuville et al., 2006). De voorbije ja ren  is de detailgraad van deze 
berekeningen geleidelijk verbeterd , enerzijds dankzij nieuw e datasets (bv. 
kadastrale inform atie), anderzijds dankzij technologische vooruitgang
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(verbeterde GIS, snellere com puters). M et de invoering van de Europese 
O verstrom ingsrichtlijn  stellen zich echter n ieuw e uitdagingen. O nder m eer 
dient in de toekom st m eer aandacht u it te  gaan naar de im m ateriële gevolgen 
van overstrom ingen, waarbij effecten op gezondheid, de om geving en het 
culturele erfgoed zullen bestudeerd  en gekw antificeerd m o eten  w orden. O ok 
w o rd t er steeds m eer nadruk  gelegd op publieke participatie en 
com m unicatie; h e t publiek m o e t geïnform eerd w orden  over de risico’s en 
m aatregelen w aaraan h e t blootgesteld  staat, en zou, indien mogelijk, ook 
betrokken  m o eten  w orden  in de beslissingsvorming (M ostert and Junier,
2009).

H oofdstuk 3 (Keilens et al., 2011b) b ouw t verder op de risicom ethodologie 
voorgesteld in hoofdstuk 2 en behandelt een specifieke onderzoeksleem te m et 
betrekking to t  populatiedynam ieken en slachtofferberekeningen 
(onderzoeksvraag 2). C oncreet w o rd t in dit hoofdstuk nagegaan in hoeverre  he t 
in rekening brengen  van toerism edynam iek aan de Belgische kust zinvol en 
belangrijk is b innen overstrom ingsbeheer. D aartoe w orden  dagelijkse 
schattingen van h e t aantal verblijfstoeristen in tw eede verblijven aan de 
Belgische kust gebruikt, en dit voor de periode jun i 2007 — m ei 2008. V erder 
w o rd t h e t gedrag van verblijfstoeristen ingeschat door hen  een fictief 
w eerberich t voor te  leggen. O p basis van de an tw oorden  van 175 
verblijfstoeristen blijkt dat ongeveer 2 /3  van de toeristen  zijn geplande 
vakantie n ie t zou annuleren o f stopzetten, ondanks voorspellingen op 
sto rm w eer (gedefinieerd ais ‘storm w inden  van 9 B eaufort en m eer, m e t kans 
op gevaarlijke situaties door overslaande golven’ ). M et behulp van GIS w o rd t 
vervolgens de im pact van een zw are storm vloed ( ‘w orst-case scenario’) 
berekend voor de ganse kustzone. D aaruit blijkt dat h e t in rekening brengen  
van toeristen  in slachtofferberekeningen to t  18% m eer slachtoffers in een 
w interscenario leidt, en to t  40%  m eer slachtoffers in een zom erscenario. De 
reden  voor deze enorm e toenam e is tw eeërlei: enerzijds is h e t aandeel 
verblijfstoeristen aan de Belgische kust op zom erdagen en topdagen 
(vakantie /w eekend) zeer g ro o t (verdubbeling van de bevolking tijdens de 
zom erm aanden), anderzijds zijn de m eeste  tw eede verblijven in een zone 
vlakbij de kustlijn gelegen, zodat zij des te  kw etsbaarder zijn bij een 
storm vloed. O ndanks de beperkingen en vereenvoudigingen van he t 
onderzoek (detailgraad data, constante inw onersaantal, geen evacuatie) to o n t 
h e t aan dat verblijfstoeristen n ie t over h e t hoofd dienen gezien te  w orden  in 
risicom anagem ent. In de verdere analyses van h e t proefschrift (H oofdstukken 
5 en 6) w o rd t deze groep bijgevolg expliciet bestudeerd  (naast de inw oners).
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In hoofdstuk 4  (Keilens et al., 201 le ) w o rd t een literatuuroverzich t geschetst 
van de onderzoeksvelden van risicoperceptie en risicocom m unicatie m e t 
specifieke toepassing in overstrom ingen (onderzoeksvraag 3). D aaruit blijkt dat 
beide onderzoeksdom einen in de lift zitten. M eer dan 85%  van de em pirisch 
onderbouw de studies w erden  in de voorbije vijf jaar gepubliceerd. Echter, een 
aantal m ethodologische kinderziektes zorgen ervoor dat he t 
perceptieonderzoek  onderling nog vaak m oeilijk te  vergelijken is. Veel studies 
passen een eigen m ethodologie toe, w aardoor er weinig standaardisatie is. 
Bovendien staat h e t onderzoek naar de com m unicatie van 
overstrom ingsrisico’s nog in zijn kinderschoenen.

D oor m iddel van tw ee enquêtes aan de Belgische kust pakken hoofdstukken 5 
en 6 enkele van de aangehaalde onderzoekshiaten u it de voorgaande 
hoofdstukken aan. In hoofdstuk 5 (Keilens et al., 201 ld )  staat de subjectieve 
inschatting van overstrom ingsrisico’s van kustbew oners en verblijfstoeristen 
centraal (onderzoeksvraag 4). M et behulp van m eervoudige regressieanalyse 
w o rd t onderzocht w elke factoren  m ede bepalend zijn voor de risicoperceptie 
van h e t publiek. Naast persoonlijke factoren w orden  ook residentiële factoren 
(kelder, gelijkvloers, zeezicht) en locatie (hoog/laag  risico) in de analyse 
m eegenom en. De enquête w erd  afgenom en in O ostende ( ‘hoog’ risico) en in 
K nokke-H eist en De Panne ( ‘laag’ risico) (N  =  619). R isicoperceptie w erd 
gem eten  aan de hand van een set vragen die door m iddel van factoranalyse 
w erden  gelijkgeschaald. U it de analyses blijkt dat de perceptie in O ostende 
effectief hoger is dan in de andere tw ee gem eenten, hetgeen overeenstem t 
m e t de objectieve, technische risicobenaderingen. V erder blijkt h e t effect van 
locatie op risicoperceptie weinig o f n ie t gem edieerd  te  zijn door ervaring m et 
eerdere  storm vloeden o f overstrom ingen. W ellicht spelen andere 
(psychologische) factoren o f processen hier een ro l. H et w o rd t een uitdaging 
voor verder onderzoek om  deze factoren te  identificeren  en te  kw antificeren. 
T o t slot bevestigt de analyse dat ouderen  en vrouw en een hogere 
risicobeoordeling aan de dag leggen dan m annen  en jongeren.

In hoofdstuk 6 (Keilens et al., 2011e) w o rd t de com m unicatie van 
overstrom ingsrisico’s aan de Belgische kust onder de loep genom en 
(onderzoeksvraag 5). Daarbij w o rd t onderzocht w elke factoren bepalend zijn of 
iem and nood heeft aan risico-inform atie. Eerdere studies hebben in m odellen  
deze inform atienood gekoppeld aan inform atiezoekgedrag, en hebben 
verschillende com ponenten  voorgesteld die hierop inspelen. Echter, deze 
m odellen  zijn vaak erg com plex en daardoor m oeilijk em pirisch te  testen  
(Griffin et a l., 1999). M et behulp van padanalyse w o rd t in hoofdstuk 6

220



Samenvatting

enerzijds een m ethodologische bijdrage geleverd aan d it soort m odellen  door 
relaties tussen verschillende com ponenten  van h e t m odel em pirisch te  testen . 
Gegevens zijn afkomstig van een online enquête onder de inw oners en 
tw eedeverblijvers van O ostende (N  =  313). De resu lta ten  van de pad-analyse 
to o n t onder m eer aan dat perm anente  bew oners sneller geneigd zijn om 
risico-inform atie op te  zoeken dan tw eedeverblijvers, hetgeen sam enhangt 
m e t een hoger risicobew ustzijn bij de eerste groep alsook een g ro tere  kennis 
van overstrom ingsrisico’s aan de kust. Anderzijds levert h e t hoofdstuk ook 
vanuit pragm atisch oogpunt een bijdrage, m e t nam e door te  onderzoeken 
w elk soo rt (risico)inform atie gew enst is en w anneer en hoe deze best 
verspreid w ord t. De resu lta ten  van de enquête tonen  aan dat, hoew el een 
m inderheid  van de ondervraagden w akker ligt van overstrom ingsrisico’s, de 
overgro te m eerderheid  (ca. 90% ) w el m eer inform atie wil ontvangen, en dat 
liefst op geregelde tijdstippen. In ternet, televisie en brochures zijn de drie 
populairste com m unicatiem iddelen, ten  nadele van radio en krant. Daarbij 
scoort algem ene inform atie (m .b .t. zeew ering en actueel veiligheidsniveau) 
h e t hoogst, m aar ook inform atie over w elke m aatregelen  m en  persoonlijk kan 
nem en  en zelfs inform atie over evacuatieprocedures w orden  ais nu ttig  
ervaren. W at com m unicatie-voorkeuren b e tre ft blijken tw eedeverblijvers 
weinig o f n ie t te  verschillen van kustbew oners.

Samengevat levert d it proefschrift m ethodologische bijdrages voor h e t gebruik 
en de verw erking van dynamische populatiegegevens binnen 
risicoberekeningen en de toepassing van regressie- en m ediatieanalyses binnen 
perceptieonderzoek. De resu lta ten  tonen  aan dat er een m aatschappelijk 
draagvlak bestaat voor m eer com m unicatie over de bescherm ing van de 
Belgische kust tegen  overstrom ingen vanuit zee. H oew el de kans op een 
storm vloed klein is, kunnen de gevolgen ervan zeer g ro o t zijn voor de 
Belgische kust, zowel in te rm en  van schade ais slachtoffers. O ndanks h e t feit 
dat er al gecom m uniceerd w o rd t over de bescherm ing van de kust tegen 
overstrom ingen vanuit zee (inform atieborden, brochures, inform atie­
avonden), w o rd t m om enteel slechts een zeer klein percentage van de 
bevolking echt bereik t. De gepercipieerde, eigen kennis o m tren t een aantal 
risicoaspecten is klein, en de vraag naar m eer inform atie is groot, zowel onder 
inw oners ais verblijfstoeristen. H et w o rd t een uitdaging om  aan deze vraag te  
voldoen, rekening houdend m e t de belangen van de verschillende sectoren  aan 
de Belgische kust.
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Recent hazards have demonstrated the catastrophic potential of coastal 
floods worldwide. Expectations regarding climate change (sea level rise) and 
economic development (coastal urbanization) further underline the need to 
study these risks.

While flood risks have been predominantly approached from a technical, 
objective perspective, recent years have witnessed a growing concern to 
consider subjective aspects of these risks as well.This dissertation examines 
both approaches through literature reviews and analyses. In addition, insights 
are acquired to improve flood risk communication. Area of study is the 
Belgian coast, which is on the verge of improving its defence structures to  
assure protection against future storm surges.


